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SITE MANAGEMENT PLAN

1.0 INTRODUCTION AND DESCRIPTION OF REMEDIAL
PROGRAM

1.1 INTRODUCTION

This document is required as an element of the remedial program at The Former Mobil

Terminal Property (Former Tappan Terminal AOC1, hereinafter referred to as the

“Site”) under the New York State (NYS) Inactive Hazardous Waste Disposal Site

Remedial Program administered by New York State Department of Environmental

Conservation (NYSDEC). The Site was remediated in accordance with Order on Consent

No. A3-0612-1208 which was executed on March 14, 2010.

1.1.1 General

ExxonMobil Oil Corporation (ExxonMobil) entered into an Order on Consent with the

NYSDEC to remediate an 8.088 acre property located in the Village of Hastings-on-Hudson,

Westchester County, New York. This Order on Consent required the Remedial Party,

ExxonMobil, to investigate and remediate contaminated media at the Site. A figure

showing the Site location and boundaries of this 8.088-acre Site subject to this plan is

provided in Figure 1. The boundaries of the Site are more fully described in the metes and

bounds Site description that is (or will be) part of the Environmental Easement (Appendices

A and B).

After completion of the remedial work described in the Remedial Action Work Plan, some

contamination was left in the subsurface at this Site, which is hereafter referred to as

‘remaining contamination.” This Site Management Plan (SMP) was prepared to manage

remaining contamination at the Site until the Environmental Easement is extinguished in

accordance with ECL Article 71, Title 36. All reports associated with the Site can be

viewed by contacting the NYSDEC or its successor agency managing environmental issues

in New York State.

This SMP was prepared by Woodard & Curran, on behalf of ExxonMobil, in accordance
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with the requirements in NYSDEC DER-10 Technical Guidance for Site Investigation and

Remediation dated May 2010, Record of Decision, dated September 2006, and the guidelines

provided by NYSDEC. This SMP addresses the means for implementing the Institutional

Controls (ICs) and Engineering Controls (ECs) that are required by the Environmental

Easement for the Site.

1.1.2 Purpose

The Site contains contamination left after completion of the remedial action. Engineering

Controls have been incorporated into the Site remedy to control exposure to remaining

contamination during the use of the Site to ensure protection of public health and the

environment. An Environmental Easement granted to the NYSDEC, and recorded with

the Westchester County Clerk, will require compliance with this SMP and all ECs and ICs

placed on the Site. The ICs place restrictions on Site use, and mandate operation,

maintenance, monitoring and reporting measures for all ECs and ICs. This SMP specifies

the methods necessary to ensure compliance with all ECs and ICs required by the

Environmental Easement for contamination that remains at the Site. This plan has been

approved by the NYSDEC, and compliance with this plan is required by the grantor of the

Environmental Easement and the grantor’s successors and assigns. This SMP may only be

revised with the approval of the NYSDEC.

This SMP provides a detailed description of all procedures required to manage remaining

contamination at the Site after completion of the Remedial Action, including: (1)

implementation and management of all Engineering and Institutional Controls; (2) media

monitoring; and (3) performance of periodic inspections, certification of results, and

submittal of Periodic Review Reports. To address these needs, this SMP includes an

Engineering and Institutional Control Plan for implementation and management of

EC/ICs and a Monitoring Plan for implementation of Site Monitoring.

This plan also includes a description of Periodic Review Reports for the periodic submittal of

data, information, recommendations, and certifications to NYSDEC.

It is important to note that:
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 This SMP details the site-specific implementation procedures that are required by

the Environmental Easement. Failure to properly implement the SMP is a violation of

the environmental easement, which is grounds for revocation of the Certificate of

Completion (COC);

 Failure to comply with this SMP is also a violation of Environmental

Conservation Law, 6NYCRR Part 375 and the Order on Consent No. A3-0612-1208

for the Site, and thereby subject to applicable penalties.

1.1.3 Revisions

Revisions to this plan will be proposed in writing to the NYSDEC’s project manager. In

accordance with the Environmental Easement for the Site, the NYSDEC will provide a notice

of any approved changes to the SMP, and append these notices to the SMP that is retained

in its files.

1.2 SITE BACKGROUND

The former Mobil terminal property is approximately 9.298 acres and part of the larger

Tappan Terminal site, located on 15 acres along the Hudson River waterfront in the Village

of Hastings-on-Hudson, Westchester County, New York. The Tappan Terminal is comprised

of two properties, the former Mobil terminal property (the Western Parcel, herein referred to

as the “Site” and also identified as AOC1 in the Order on Consent), which is located

adjacent to the Hudson River (the subject of this SMP), and the former Uhlich Color

Company property (the Eastern Parcel and also identified as AOC2 in the Order on

Consent), which is located along the railroad tracks that define the eastern boundary of the

Site (not included in this SMP).

Of the 9.298 acres that comprise AOC1, the former Mobil terminal property, approximately

1.21 acres are riparian land in the Hudson River; the remaining 8.088 acres of dry land are

subject of this SMP. Figure 1 shows the location of the Site, and Figure 2 shows the

boundaries and main features of the Western Parcel.

AOC3 is defined as the site-wide groundwater and encompasses both properties, AOC1 and

AOC2. While AOC3 is covered under a separate SMP, operation and monitoring
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requirements (Sections 3.3 and 4.0) are included in this SMP for reference in the event that

these tasks transfer to this SMP.

The Site was used as a petroleum distribution terminal from 1961 until Mobil ceased

operations on the Site in 1985. The Site has remained vacant since that time. Mobil Oil

Corporation (now ExxonMobil Oil Corporation) remains the Site owner. All former

buildings and aboveground storage tanks have been removed from the Site. The Site is

relatively flat, located on the eastern shore of the Hudson River.

Remedial Activities were conducted and administered on behalf of ExxonMobil by Roux

Associates and Woodard & Curran. The selected remedy for the Site included excavation

and removal of soil that was grossly contaminated with weathered petroleum, removal of

former piping and any other structures as necessary to allow adequate Site grading, and

application of a Site cap including a demarcation layer and 24 inches of clean fill. Field

work commenced in 2010 and was completed in 2013.

1.2.1 Site Location and Description

The Site is located in the Village of Hastings-on-Hudson, Westchester County, New York

and is identified as Section 4.100, Block 93, Lot 18 on the Town of Greenburgh Tax Map.

The Site is an approximately 8.088-acre area bounded by the Harbor at Hastings Site

Operable Unit 1 (former ARCO facility) to the north, the Pioneer Boat Club to the south,

riparian parcels (1.21 acres) and the Hudson River to the east, and the Former Tappan

Terminal AOC2 (the former Uhlich facility) to the west (see Figure 1). The boundaries of

the Site are more fully described in the Environmental Easement.

1.2.2 Site History

The Tappan Terminal has a long history of manufacturing and chemical use by several

owners and occupants. The landmass of the Site itself was created by disposal of manmade

fill into the Hudson River between 1868 and 1970. This fill material typically consisted of

sand and gravel mixed with bricks, concrete, stone, timber, ash, slag, shells, and other

debris. The history is summarized below:
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1868: The site comprises two acres at the northern end of the current site.

1897-1955: The site was owned by Zinsser & Company for the manufacture of dyes,

pigments and photographic chemicals.

1920: Filling progressed to the current Uhlich / ExxonMobil property line.

1955-1961: Harshaw purchased the Zinsser Company and continued operations at the site.

1961-1971: Tappan Tanker Terminal purchased the property and began operating a

petroleum distribution facility on the western portion of the site. During this period, waste

chemicals were stored on the western portion of the site prior to open ocean disposal.

1964-2002: Paul Uhlich & Company leased, then purchased, the eastern portion of the site

for the manufacture of pigments. This operation later became the Uhlich Color Company.

The site layout during the recent operational period is shown on Figure 3 in the September

2006 Record of Decision.

1975-1985: Mobil Oil Co. purchased the western portion of the site and continued petroleum

distribution operations.

In addition to the site operators identified above, several corporate mergers and acquisitions

have occurred. The Harshaw Chemical Company was purchased by Kewanee Industries in

1966, which was acquired by the Gulf Oil Corporation in 1977. Gulf Oil Corporation

merged with the Chevron Chemical Corporation in 1985. Mobil Oil Corporation merged

with Exxon Corporation to form ExxonMobil in 1999.

The Uhlich Color Company ceased operations at the site in 2002, and most buildings at the

site were demolished in early 2003.

Sampling various media at the site was performed between 1985 and 1989. In 1987, the

NYSDEC listed the site as a Class 2 site in the Registry of Inactive Hazardous Waste

Disposal Sites in New York. A Class 2 site is a site where hazardous waste presents a

significant threat to the public health or the environment and action is required.
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During a 1992 repair of a sewer pipe at the site, evidence of a petroleum release on both

properties was discovered. Contaminated soil was stockpiled and later sent off site for

disposal. The extent of petroleum contamination was investigated between 1992 and 1994.

In 1994, an oil remediation plan was approved by the NYSDEC, and Mobil and Uhlich

entered into a Stipulation Agreement to remediate this spill.

In 1996 Mobil entered into a Voluntary Agreement with the NYSDEC to investigate

petroleum contamination on the western portion of the site. Because none of the potentially

responsible parties agreed to perform a comprehensive investigation of the entire site, the

site was referred for a State-funded investigation in 1998. However, after 1998 Mobil

conducted some focused investigations and pilot studies on contamination located on their

portion of the site.

The Tappan Terminal site was the subject of a Record of Decision (ROD) issued by the

NYSDEC Division of Environmental Remediation on September 8, 2006. The ROD

addressed both the Mobil and Uhlich properties. This site management plan addresses only

issues on the ExxonMobil property of the Tappan Terminal site 360015A (AOC1).

The NYSDEC issued Order on Consent No. A3-0612-1208 effective March 14, 2010.

1.2.3 Geologic Conditions

The Tappan Terminal property is underlain by four geologic units, the upper fill layer, the

Marine Grey Silt, the Basal Sand unit, and bedrock. The upper fill layer ranges from 11 to

32 feet in thickness, and consists of sand, silt and gravel variably mixed with ash, slag, glass,

metal debris, wood, crushed stone, paper, coal, sawdust and brick fragments. This material is

typical of historic waterfront fill material deposited during the late 19th and early 20th

centuries. The historic fill is considered to be relatively permeable; however, intermediate

bulkheads were built in stages along the shoreline as filling proceeded. These bulkheads are

now buried beneath the property, and in some places act to restrict the flow of groundwater

towards the river.

Groundwater flows through the fill layer from east to west and discharges to the Hudson

River, subject to the tide stage of the river. At high tide, the groundwater flow direction
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reverses along the immediate shoreline and water enters the Site from the river. Generally,

tidal fluctuations in the river affect groundwater levels within 100 feet of the shoreline. Site

groundwater is generally 2 to 7 feet below grade.

Beneath the fill unit lies the Marine Grey Silt unit that represents the historic sediment of the

Hudson River. This unit consists of grey to black silt with a trace of fine sand and layers of

shell fragments. The Marine Grey Silt is at least 8 feet thick beneath the property, and

ranges from 10 to 62 feet thick in the local area. The silt unit acts as a confining layer. This

unit is believed to be continuous beneath the Site.

The Basal Sand Unit that underlies the silt layer consists of permeable, medium to coarse

sands and gravels. Although this unit was not investigated at the Tappan Terminal site,

measurements in the vicinity indicate that the Basal Sand Unit is a confined aquifer under

artesian conditions. That is, groundwater pressure in the Basal Sand is greater than in the fill

unit, and flow would be upward in the absence of the confining silt unit.

The underlying bedrock in the area is reported to be either Inwood Marble or Fordham

Gneiss at 50 to 100 feet below grade.

Geologic sections and profiles are shown in Figure 3.

1.3 SUMMARY OF REMEDIAL INVESTIGATION FINDINGS

A Remedial Investigation (RI) was performed to characterize the nature and extent of

contamination at the Site. The results of the RI are described in detail in the “Remedial

Investigation Report, Tappan Terminal Site”; Dvirka and Bartilucci Consulting Engineers;

Syracuse, NY; September 1999.

Generally, the RI determined that the contaminants of concern included Semivolatile

Organic Compounds (SVOCs), Total Petroleum Hydrocarbons (TPH), and metals: arsenic,

beryllium, copper, mercury, nickel and zinc. The metals were found throughout the surface

and subsurface fill, and are commonly associated with historic fill containing ash and

furnace slag.
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The potential exposure pathways for soil related to current use or development of the Site

include:

 Inhalation of contaminated dust or vapors by workers during on-site excavation

activities;

 Inhalation of contaminated vapors in indoor air by future occupants of buildings

that may be constructed on the Site;

 Incidental ingestion of contaminated soil by on-site workers or recreational users

of the Site;

 Dermal contact with contaminated soil by workers or recreation users; and

 Exposure of wildlife to contaminants in Site surface soils.

Below is a summary of Site conditions when the RI was performed in 1998 and 1999:

Soil (Refer to Table 1 and Figure 4)

In AOC1, levels of SVOCs were generally lower in subsurface soils than in surface soils

with one notable exception at location SB-3, on the Mobil property, where a thick, oil-like

material was encountered that exhibited a strong petroleum odor. Samples from that location

contained many tentatively identified compounds (TICs) that were identified generally as

hydrocarbon SVOCs, which is consistent with the presence of a residual petroleum product.

PCBs were found to slightly exceed the1 ppm cleanup guideline in 8 surface soil samples,

mostly located along the Harbor at Hastings site boundary and the access road that formerly

connected the properties. The highest detected concentration was 5 ppm of combined

Aroclors 1254 and 1260at a location along the Harbor at Hastings property boundary.

The volatile organic compounds (VOCs) of concern in soils were all found in subsurface

soil samples. These include chlorobenzene, which was found centrally to the Former Tappan

Terminal eastern/western (Mobil/Uhlich) properties at a maximum value of 31 ppm,

compared to its cleanup guideline of 1.7 ppm.
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Throughout the Site, beryllium, copper, mercury and zinc were found at levels exceeding

their cleanup guidelines in subsurface soil.

Groundwater (Refer to Table 1 and Figure 5)

The highest levels of chlorobenzene in groundwater were found near the suspected source

area along the abandoned sewer line that runs along the approximate Mobil/Uhlich property

line. In these areas, chlorobenzene was found at concentrations up to 11,000 ppb with a

groundwater standard for chlorobenzene of 5 ppb.

Within the chlorobenzene plume, in the area of the abandoned sewer line, is an area of

benzene groundwater contamination. In this area, concentrations range from 5 ppb to 170

ppb, compared to the SCG of 1 ppb. Also within the chlorobenzene plume are zones of

naphthalene, chlorophenol, 4-chloroaniline, and dichlorobenzene contamination. The

maximum levels of these contaminants are 650 ppb of naphthalene, 61 ppb of 2-

chlorophenol, 25 ppb of 4-chloroaniline, and 170 ppb of 1,4-dichlorobenzene, compared to

their SCGs of 10 ppb, 3 ppb, 5 ppb and 1 ppb, respectively.

Metal contaminants were found at greater frequencies and higher concentrations in

unfiltered samples compared to filtered samples. This indicates that, to some degree, metals

are present in particulate rather than dissolved form. Iron and manganese were found to

exceed their SCGs in a high percentage (68% to 79%) of filtered samples taken from the

Site. Barium, antimony and selenium were found to exceed their SCGs in 26% to 37% of

filtered samples. Concentrations of lead and copper in only one well (OW-17) exceeded

their SCGs. At this location, along the Mobil/Uhlich property line and sewer line, lead and

copper were 261 ppb and 506 ppm, compared to their respective water quality standards of

25 ppb and 200 ppb.

1.4 SUMMARY OF REMEDIAL ACTIONS

The Site was remediated in accordance with the NYSDEC approved Remedial

Design/Remedial Action Work Plan revised July 13, 2012, amended August 31, 2012 and

approved with modifications on September 10, 2012. The following is a summary of the

Remedial Actions performed per the selected remedy for the Site (Former Tappan Terminal
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AOC1):

1. Excavation and removal of soil/fill that was grossly contaminated with

weathered petroleum.

2. Removal of former piping and any other structures as necessary to allow

adequate Site grading.

3. Construction and maintenance of a soil cover system to support re-vegetation

and to prevent human exposure to remaining contaminated soil/fill remaining at

the Site, consisting of:

 A demarcation layer and 24 inches of soil (23 to 50 inches actual) meeting

the restricted-residential and ecological Soil Cleanup Objectives (SCOs), as

appropriate; and

 An erosion protection berm along the shore at elevation 6 feet (5.9 to 6.7 feet

actual).

Existing berms associated with the former terminal were intended to be removed

and spread into low areas as part of the Site regrading process. Erosion control

measures, including silt fencing and hay bales, were installed in preparation for

Site work; however, a high tide inundated the silt fencing and hay bales. The

existing berms were deemed beneficial to supplement erosion control for the

Site, and NYSDEC requested that the existing berms be retained and

incorporated into the cap to enhance erosion protection. Berms were made

continuous at a nominal elevation of six feet and incorporated into the cover

system.

4. Execution and recording of an Environmental Easement to restrict land use and

prevent future exposure to any contamination remaining at the Site.

5. Institutional Controls including:

 The property may only be used for restricted-residential (which includes
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commercial, light industrial, or recreational) use provided that the long-term

Engineering and Institutional Controls included in this SMP are employed;

 All future activities on the property that will disturb remaining contaminated

material must be conducted in accordance with this SMP;

 The use of the groundwater underlying the property is prohibited;

 Occupied subsurface structures and vaults are prohibited, and the potential

for vapor intrusion must be evaluated for any buildings developed on-site and

any potential impacts that are identified must be monitored or mitigated; and

 Vegetable gardens and farming on the property are prohibited.

6. Development and implementation of a Site Management Plan for long term

management of remaining contamination as required by the Environmental Easement,

which includes plans for: (1) Institutional and Engineering Controls, (2) monitoring,

(3) inspections, (4) maintenance and (5) reporting.

Remedial activities were completed at the Site in 2013. Note: AOC3, groundwater

remediation, will be conducted under a separate SMP; refer to Section 1.2.

1.4.1 Removal of Contaminated Materials from the Site

Approximately 950 cubic yards of grossly contaminated soil as determined by field and

laboratory screening were removed from the AOC1 excavation area near well OW-5A (refer

to Figure 6). All soil confirmation samples were in compliance with the ROD-specific

criterion for Total SVOCs of 500 ppm, with results ranging from 0.57 to 53 ppm Total

SVOCs. Various miscellaneous items were removed from the Site in preparation of the final

remedy and future redevelopment. Removal of derelict boats related to the former Pioneer

Boat Club south of the Site was completed. Demolition of the former terminal dock was

completed. Two roll-offs of scrap metal for recycling were removed.
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1.4.2 Site-Related Treatment Systems

AOC3 includes a treatment system for groundwater as part of the Former Tappan Terminal

site remedy and will be addressed by a separate SMP (refer to Section 4.0).

1.4.3 Remaining Contamination

Soil confirmation samples taken at the excavation area were in compliance with the ROD-

specific criterion for Total SVOCs of 500 ppm, and results ranged from 0.57 to 53 ppm

Total SVOCs.

The Site was overlain by a two foot cap with filter fabric and concrete pads at an approximate

depth of two feet or more below grade that demark the bottom of the cap and location of Site

material that may potentially be impacted (refer to Figure 2 and Appendix C).

The selected remedy for the Site included excavation and removal of soil that was grossly

contaminated with weathered petroleum as measured by a shake test or soil that contained in

excess of the site-specific criterion established in the ROD of 500 ppm Total SVOCs+TICs.

Remedial actions were conducted in the vicinity of well OW-5A as summarized in Table 2

and shown on Figure 6. This area also contains a 42” diameter storm sewer pipe (also

depicted on Figure 6 and refer to Figure 2).

The future construction of clean utility corridors during any site development will follow the

Excavation Work Plan (EWP, Appendix D). The clean utility corridors will be constructed

such that the demarcation layer will be placed a minimum of 1 foot below (vertically) the

respective utilities to minimize the potential for worker exposure and damage to the cover

system. The lateral distance to the demarcation layer will be determined by the type and size

of the utility to allow any future maintenance work in a way that minimizes the potential for

worker exposure and damage to the cover system. The utility corridors will have soil or

clean material meeting the unrestricted soil cleanup objectives (refer to Table 3).

Figures 6 and 7 summarize the results of all soil and groundwater samples remaining at the

site after completion of Remedial Action that exceed the Track 1 (unrestricted) SCOs or

Action Levels, respectively.
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2.0 ENGINEERING AND INSTITUTIONAL CONTROL
PLAN

2.1 INTRODUCTION

2.1.1 General

Since remaining contaminated soil and groundwater/soil vapor exists beneath the Site,

Engineering Controls and Institutional Controls (EC/ICs) are required to protect human health

and the environment. This Engineering and Institutional Control Plan describes the

procedures for the implementation and management of all EC/ICs at the Site. The EC/IC

Plan is one component of the SMP and is subject to revision by NYSDEC.

2.1.2 Purpose

This plan provides:

 A description of all EC/ICs on the Site;

 The basic implementation and intended role of each EC/IC;

 A description of the key components of the ICs set forth in the Environmental

Easement;

 A description of the features to be evaluated during each required inspection

and periodic review;

 A description of plans and procedures to be followed for implementation of

EC/ICs, such as the implementation of the EWP (Appendix D) for the proper

handling of remaining contamination that may be disturbed during maintenance or

redevelopment work on the Site; and

 Any other provisions necessary to identify or establish methods for

implementing the EC/ICs required by the Site remedy, as determined by the

NYSDEC.
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2.2 ENGINEERING CONTROLS

Exposure to remaining contamination in soil/fill at the Site is prevented by a soil cover system

placed over the Site. This cover system is comprised of a minimum of 24 +/- 2 inches (23 to

50 inches actual) of soil, and an erosion protection berm along the shore with the top 2 feet of

stone choked with soil at an elevation of approximately 6 feet (5.9 to 6.7 feet actual), meeting

the restricted-residential and ecological Soil Cleanup Objectives (SCOs), as appropriate and

as indicated on Figure 2. The EWP that appears in Appendix D outlines the procedures

required to be implemented in the event the cover system is breached, penetrated or

temporarily removed, and any underlying remaining contamination is disturbed. Procedures

for the inspection and maintenance of this cover are provided in the Monitoring Plan

included in Section 4 of this SMP.

The composite cover system is a permanent control and the quality and integrity of this

system will be inspected at defined, regular intervals in perpetuity.

2.3 INSTITUTIONAL CONTROLS

A series of Institutional Controls is required by the ROD to: (1) implement, maintain and

monitor Engineering Control systems; (2) prevent future exposure to remaining contamination

by controlling disturbances of the subsurface contamination; and, (3) limit the use and

development of the Site to restricted-residential uses (which includes commercial, light

industrial, or recreational) only. Adherence to these Institutional Controls on the Site is required

by the Environmental Easement and will be implemented under this Site Management Plan.

These Institutional Controls are:

 Compliance with the Environmental Easement and this SMP by the Grantor

and the Grantor’s successors and assigns;

 All Engineering Controls must be maintained as specified in this SMP;

 All Engineering Controls on the Controlled Property must be inspected at a

frequency and in a manner defined in the SMP.
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 Data and information pertinent to Site Management of the Controlled Property

must be reported at the frequency and in a manner defined in this SMP;

Institutional Controls identified in the Environmental Easement may not be discontinued

without an amendment to or extinguishment of the Environmental Easement.

The Site has a series of Institutional Controls in the form of Site restrictions. Adherence to

these Institutional Controls is required by the Environmental Easement. Site restrictions that

apply to the Controlled Property are:

 The property may only be used for restricted-residential (which includes

commercial, light industrial, or recreational) use provided that the long-term

Engineering and Institutional Controls included in this SMP are employed.

 The property may not be used for a higher level of use, such as unrestricted use

without additional remediation and amendment of the Environmental Easement, as

approved by the NYSDEC;

 All future activities on the property that will disturb remaining contaminated

material must be conducted in accordance with this SMP;

 The use of the groundwater underlying the property is prohibited without treatment

rendering it safe for intended use;

 The potential for vapor intrusion must be evaluated for any buildings developed

on-site and any potential impacts that are identified must be monitored or mitigated;

and

 Vegetable gardens and farming on the property are prohibited.

The Site owner or remedial party will submit to NYSDEC a written statement that certifies,

under penalty of perjury, that: (1) controls employed at the Controlled Property are

unchanged from the previous certification or that any changes to the controls were approved by

the NYSDEC; and, (2) nothing has occurred that impairs the ability of the controls to protect
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public health and environment or that constitute a violation or failure to comply with the

SMP.

NYSDEC retains the right to access such Controlled Property at any time in order to evaluate

the continued maintenance of any and all controls. This certification shall be submitted

annually, or an alternate period of time that NYSDEC may allow and will be made by an expert

that the NYSDEC finds acceptable.

2.3.1 Excavation Work Plan (EWP)

The Site will be remediated for restricted-residential use. Any future intrusive work that will

penetrate the soil cover or cap, or encounter or disturb the remaining contamination,

including activities associated with redevelopment (i.e., site improvements, installation of

utilities and utility corridors), and any modifications or repairs to the existing cover system

will be performed in compliance with the EWP that is attached as Appendix D to this SMP.

Any work conducted pursuant to the EWP must also be conducted in accordance with the

procedures defined in a Health and Safety Plan (HASP) and Community Air Monitoring Plan

(CAMP) prepared for the Site that is in current compliance with DER-10, and 29 CFR

1910, 29 CFR 1926, and all other applicable Federal, State and local regulations. Based on

future changes to State and federal health and safety requirements, and specific methods

employed by future contractors, the HASP and CAMP will be updated and re-submitted

with the notification provided in Section A-1 of the EWP. Any intrusive construction work

will be performed in compliance with the EWP, HASP and CAMP, and will be included in

the periodic inspection and certification reports submitted under the Site Management

Reporting Plan (See Section 5).

The Site owner and associated parties preparing the remedial documents submitted to the

State, and parties performing this work, are completely responsible for the safe performance

of all intrusive work, the structural integrity of excavations, proper disposal of excavation

de-water, control of runoff from open excavations into remaining contamination, and for

structures that may be affected by excavations (such as building foundations and bridge

footings). The Site owner will ensure that Site development activities will not interfere

with, or otherwise impair or compromise, the engineering controls described in this SMP.
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2.3.2 Soil Vapor Intrusion Evaluation

Prior to the construction of any enclosed structures on-site, an SVI evaluation will be

performed to determine whether any mitigation measures are necessary to eliminate

potential exposure to vapors in the proposed structure. Alternatively, an SVI mitigation

system may be installed as an element of the building foundation without first

conducting an investigation. This mitigation system will include a vapor barrier and

passive sub-slab depressurization system that is capable of being converted to an active

system.

Prior to conducting an SVI investigation or installing a mitigation system, a work plan will

be developed and submitted to the NYSDEC and NYSDOH for approval. This work plan

will be developed in accordance with the most recent NYSDOH “Guidance for Evaluating

Vapor Intrusion in the State of New York”. Measures to be employed to mitigate

potential vapor intrusion will be evaluated, selected, designed, installed, and maintained

based on the SVI evaluation, the NYSDOH guidance, and construction details of the

proposed structure.

Preliminary (unvalidated) SVI sampling data will be forwarded to the NYSDEC and

NYSDOH for initial review and interpretation. Upon validation, the final data will be

transmitted to the agencies, along with a recommendation for follow-up action, such as

mitigation. If the property is owned by a third party, validated SVI data will be transmitted

to the property owner within 30 days of validation. If any indoor air test results exceed

NYSDOH guidelines, relevant NYSDOH fact sheets will be provided to all tenants of the

property within 15 days of receipt of validated data. SVI sampling results, evaluations, and

follow-up actions will also be summarized in the next Periodic Review Report.

2.4 INSPECTIONS AND NOTIFICATIONS

2.4.1 Inspections

Inspections of all remedial components installed at the Site will be conducted at the

frequency specified in the SMP Monitoring Plan schedule. A comprehensive site-wide

inspection will be conducted annually, regardless of the frequency of the Periodic Review
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Report. The inspections will determine and document the following:

 Whether Engineering Controls continue to perform as designed;

 If these controls continue to be protective of human health and the environment;

 Compliance with requirements of this SMP and the Environmental Easement;

 If Site records are complete and up to date; and

 Changes, or needed changes, to the remedial or monitoring systems and/or
reporting.

Inspections will be conducted in accordance with the procedures set forth in the Monitoring

Plan of this SMP (Section 3). The reporting requirements are outlined in the Periodic Review

Reporting section of this plan (Section 5).

If an emergency, such as a natural disaster or an unforeseen failure of any of the ECs occurs,

an inspection of the Site will be conducted within 5 days of the event to verify the

effectiveness of the EC/ICs implemented at the Site by a qualified environmental

professional as determined by NYSDEC.

2.4.2 Notifications

Notifications will be submitted by the property owner to the NYSDEC as needed for the

following reasons:

 60-day advance notice of any proposed changes in Site use that are required

under the terms of the Order on Consent, 6NYCRR Part 375, and/or

Environmental Conservation Law.

 At least 15-day advance notice of any proposed ground-intrusive activities

pursuant to the EWP (refer to Appendix D).

 Notice within 48-hours of any damage or defect that reduces or has the potential

to reduce the effectiveness of Engineering Controls and likewise any action to be

taken to mitigate the damage or defect.
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 Verbal notice by noon of the following day of any emergency, such as a fire,

flood, or earthquake that reduces or has the potential to reduce the effectiveness of

Engineering Controls in place at the Site, with written confirmation within 7 days

that includes a summary of actions taken, or to be taken, and the potential impact to

the environment and the public.

 Follow-up status reports on actions taken to respond to any emergency event

requiring ongoing responsive action shall be submitted to the NYSDEC within 45 days

and shall describe and document actions taken to restore the effectiveness of the

ECs.

Any change in the ownership of the Site or the responsibility for implementing this SMP

will include the following notifications:

 At least 60 days prior to the change, the NYSDEC will be notified in writing

of the proposed change. This will include a certification that the prospective

purchaser has been provided with a copy of the Order on Consent and all approved

work plans and reports, including this SMP

 Within 15 days after the transfer of all or part of the Site, the new owner’s name,

contact representative, and contact information will be confirmed in writing.

 The following site management related documentation, up to the point of

transfer, will be provided to the new owner: a copy of the approved SMP with any

updates, all previously approved Periodic Review Reports, and the Institutional

Control/Engineering Control certification that was provided by the Department to be

completed for the next scheduled periodic review.

2.5 CONTINGENCY PLAN

Emergencies may include injury to personnel, fire or explosion, environmental release, or

serious weather conditions.
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2.5.1 Emergency Telephone Numbers

In the event of any environmentally related situation or unplanned occurrence requiring

assistance the Owner or Owner’s representative(s) should contact the appropriate party

from the contact list below. For emergencies, appropriate emergency response personnel

should be contacted. Prompt contact should also be made to [qualified environmental

professional]. These emergency contact lists must be maintained in an easily accessible

location at the Site.

Table 4: Emergency and Other Contact Numbers

Medical, Fire, and Police: (914) 478-2344*

One Call Center: (3 day notice required for utility markout) (800) 272-4480

Poison Control Center: (800) 222-1222

Pollution Toxic Chemical Oil Spills: (800) 424-8802

NYSDEC Spills Hotline (800) 457-7362

Local, Non-emergency: Village of Hastings-on-Hudson (914) 478-3400

Owner – Eastern Parcel (AOC2): Uhlich Color Company, Inc. (845) 928-3234

Other Remedial Party (AOC2/3): Chevron Environmental Management Co. (713) 432-2643

Owner – Western Parcel (AOC1): ExxonMobil Oil Corporation. (718) 404-0652

Qualified Professionals: Woodard & Curran (203) 271-0379

* Note: 911 call may be directed to NJ; in case of emergency, call local police department directly.

2.5.2 Map and Directions to Nearest Health Facility

Site Location: Former Tappan Terminal in Hastings-on-Hudson, NY

Vehicular Access from River Street (Map Location A)

Nearest Hospital Name: St. John's Riverside Hospital – Andrus Pavilion

Hospital Location: 967 North Broadway, Yonkers, NY (Map Location B)

Hospital Telephone: (914) 694-4444

Directions to the Hospital:

1. Go North on River Street toward West Main Street

2. Take the first right onto West Main Street (bridge over rail road)

3. Continue straight to stay on West Main Street
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4. Turn right onto Southside Avenue

5. Turn left onto Pinecrest Drive

6. Slight right to stay on Pinecrest Drive

7. Turn right onto Broadway

Total Distance: 2.1 miles

Total Estimated Time: 6 minutes

Figure 8: Map Showing Route from the Site to the Hospital:

(Available from hospital web site.)

2.5.3 Response Procedures

As appropriate, the fire department and other emergency response group will be notified

immediately by telephone of the emergency. The emergency telephone number list is found

in Table 4. The list must also be posted prominently at the Site and made readily available

to all personnel at all times.
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Each Site visit will start with a health and safety session and a log will be made of all

personnel and cell phone numbers. Site personnel without cell phones will be paired with

personnel who have cell phones. If Site evacuation is necessary, all personnel shall be

notified by verbal or phoned warning, and should proceed to the north gate for the Site (gate

for vehicular entrance to the site) unless advised otherwise. The personnel log will be used

to account for the evacuation of personnel on-site.

Site activities are limited to inspections of the grounds and the HASP in Appendix E has

been prepared accordingly. Any changes to the scope of work will require review of the

HASP, and amendments will include additional health and safety measures as warranted by

those tasks.

For example, materials are not required to be brought on-site for the present scope. If

modification to the scope requires that materials be brought to the site, then the HASP will

require amendment to include health and safety measures associated with storage, handling,

use, disposal, and accidental release of those materials. A sufficient supply of appropriate

emergency response clean-up and personal protective equipment must be available such as

sorbent media, decontamination solvents/detergents and water, trash bags, disposable

gloves, and air monitoring equipment, etc.

At a minimum, should a spill or release occur which is a threat to human health or the

environment, the employee observing the spill will first conduct or request an evacuation of

all people at risk. Employees must report any chemical spill or release per the applicable

HASP requirements to the Owner, and coordinate any additional notifications required as

dictated by the incident. In the event of a spill or release that is not an immediate threat to

human health or the environment, Site personnel, per the applicable HASP requirements,

may initiate containment and control measures. As appropriate, air monitoring will be

implemented and personal protection equipment will be donned prior to initiating any

containment and control measures. Depending upon the nature of the spill, containment

and control measures may include constructing a temporary containment berm, digging a

lined sump, containing leaks or transferring contents from one container to another.
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3.0 SITE MONITORING PLAN

3.1 INTRODUCTION

3.1.1 General

The Monitoring Plan describes the measures for evaluating the performance and effectiveness

of the remedy to reduce or mitigate contamination at the site, the soil cover system, the

erosion protection berm, and all affected site media identified below. Monitoring of other

Engineering Controls is described in Chapter 4, Operation, Monitoring and Maintenance

Plan. This Monitoring Plan may only be revised with the approval of NYSDEC.

3.1.2 Purpose and Schedule

This Monitoring Plan describes the methods to be used for:

 Assessing compliance with applicable NYSDEC standards, criteria and

guidance, particularly Part 375 SCOs for soil;

 Assessing achievement of the remedial performance criteria;

 Evaluating Site information periodically to confirm that the remedy continues

to be effective in protecting public health and the environment;

 Inspection and maintenance requirements for soil cover system and erosion

protection berm; and

 Preparing the necessary reports for the various monitoring activities. To

adequately address these issues, this Monitoring Plan provides information on:

o Reporting requirements; and

o Annual inspection and periodic certification.

Quarterly monitoring of the performance of the remedy will be conducted for the first year.

The frequency will be yearly thereafter unless modified by NYSDEC.
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3.2 SOIL COVER AND SITE-WIDE INSPECTION

Site-wide inspections including the soil cover system and erosion protection berm will be

performed on a regular schedule at the frequency specified below. Site-wide inspections

will also be performed after all severe weather conditions that may affect Engineering

Controls; such as significant flooding of the site. During these inspections, an inspection

form will be completed (Appendix F). The form will compile sufficient information to assess

the following:

 Compliance with all ICs, including Site usage;

 An evaluation of the condition and continued effectiveness of ECs;

 General Site conditions at the time of the inspection;

 The Site management activities being conducted including, where appropriate, a

health and safety inspection;

 Compliance with permits and schedules included in the Operation and

Maintenance Plan, if any;

 Planting Success; and

 Confirm that Site records are up to date.

Note: If a Site inspection reveals that there is evidence of a release either on-site

(discolored soil or localized stressed vegetation) or in the river (floating substances or

visible film, sheen, globules or grease), refer to Section 2.5.3 for Response Procedures,

and implement any resulting media sampling and monitoring plan.

3.3 AOC3 MONITORING PROGRAM

As outlined in Section 1.2, AOC3 is defined as the site-wide groundwater that includes

AOC1. While AOC3 is covered under a separate SMP, monitoring requirements are

included in this SMP for reference in the event that monitoring transfers to this SMP.
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The groundwater monitoring includes two phases: Phase I monitoring will be completed

during the groundwater system operation and Phase II will be completed during the post-

operation Monitored Natural Attenuation (MNA) phase of the program. During Phase I,

groundwater samples will be collected prior to the startup of the remedial system and then

quarterly during the first two years of system operation, and then semiannually until the

system is shutdown. Phase II monitoring will be completed quarterly for the first year after

the shutdown of the remedial system and then annually until the NYSDEC is adequately

satisfied that the chlorobenzene plume in groundwater is stable or shrinking and that no

further actions are required. Wells will be sampled in accordance with Table 5 using the

Low-Flow Groundwater Purging and Sampling Procedures for Monitoring Wells SOP (in

Appendix G). The monitoring well locations are shown on Figure 7 and the well

construction information is included in Appendix H.

Table 5: AOC3 Groundwater Monitoring Schedule

Monitoring
Well ID VOCs

SVOCs +
TICs*

Dissolved
Iron

Dissolved
Manganese Alkalinity Methane Chloride

Phase I Monitoring
AB-MW-2 X X X X X X
AB-MW-3 X X X X X X

MW-1A X
MW-1/TW4 X

MW-6 X
MW-7A X
MW-9A X X X X X X
MW-10 X X X X X X
MW-12 X X
MW-15 X X
MW-D1 X
MW-S1 X

MW-T3W X
OW-5AR X

OW-8 X X X X X X
OW-9A X X X X X

OW-12W X X X X X X
AMW-6 X
AMW-7 X
AMW-8 X
AMW-9 X

Phase II Monitoring
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Monitoring
Well ID VOCs

SVOCs +
TICs*

Dissolved
Iron

Dissolved
Manganese Alkalinity Methane Chloride

AB-MW-1 X X X X X X
AB-MW-2 X X X X X X
AB-MW-3 X X X X X X

MW-1A X
MW-6 X X X X X X

MW-7A X X X X X X
MW-9A X X X X X X
MW-10 X
MW-12 X
MW-D1 X
MW-S1 X

MW-T3W X
OW-8 X X X X X X

OW-9A X X X X X X
OW-12W X X X X X X
AMW-6 X
AMW-7 X
AMW-8 X
AMW-9 X

Notes:
*Tentatively Identified Compounds (TICs) are as follows: 0-chloraniline, 2-methyl-benzenamine, p-
aminotoluene, 9,10-anthracenedione, 1,4-dihydroxy-9,10-anthracenedione, 1-hydroxy-9,10-
anthracenedione, (z)-9-octadecenamine.
"X" - Groundwater sample location.

3.4 MONITORING QUALITY ASSURANCE/QUALITY CONTROL

All sampling and analyses will be performed in accordance with the requirements of the

Quality Assurance Project Plan (QAPP) prepared for the site (Appendix I). Main

Components of the QAPP include:

 QA/QC Objectives for Data Measurement;

 Sampling Program:

o Sample containers will be properly washed, decontaminated, and appropriate

preservative will be added (if applicable) prior to their use by the analytical

laboratory. Containers with preservative will be tagged as such.

o Sample holding times will be in accordance with the NYSDEC ASP

requirements.
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o Field QC samples (e.g., trip blanks, coded field duplicates, and matrix

spike/matrix spike duplicates) will be collected as necessary.

 Sample Tracking and Custody;

 Calibration Procedures:

o All field analytical equipment will be calibrated immediately prior to each

day's use. Calibration procedures will conform to manufacturer's standard

instructions.

o The laboratory will follow all calibration procedures and schedules as

specified in USEPA SW-846 and subsequent updates that apply to the

instruments used for the analytical methods.

 Analytical Procedures;

 Preparation of a Data Usability Summary Report (DUSR), which will present the

results of data validation, including a summary assessment of laboratory data

packages, sample preservation and chain of custody procedures, and a summary

assessment of precision, accuracy, representativeness, comparability, and

completeness for each analytical method.

 Internal QC and Checks;

 QA Performance and System Audits;

 Preventative Maintenance Procedures and Schedules;

 Corrective Action Measures.

3.5 INSPECTION/MONITORING REPORTING REQUIREMENTS

Forms and any other information generated during regular inspections will be kept on file

and readily available on request. All forms, and other relevant reporting formats used

during the monitoring/inspection events, will be (1) subject to approval by NYSDEC

and (2) submitted at the time of the Periodic Review Report, as specified in the Reporting Plan

of this SMP. All inspection/monitoring results will be reported to NYSDEC on a periodic

basis in the Periodic Review Report. A letter report will also be prepared [if required by

NYSDEC], subsequent to each event. The letter report will include, at a minimum:
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 Date of event;

 Personnel conducting inspection;

 Description of the activities performed;

 Type of samples collected (e.g., groundwater, soil, sediment, sub-slab vapor, indoor
air, outdoor air, etc), if appropriate;

 Copies of all field forms completed (inspection forms, etc.);

 Sampling results in comparison to appropriate standards/criteria;

 Soil cover system and erosion protection berm inspection results in comparison to
previous results;

 Survey results to document site stability, including the shoreline;

 A survey to determine the percentage survival for plantings and percentage of
invasive species;

 A figure illustrating locations of soil cover system needing repairs, as appropriate;

 Any observations, conclusions, or recommendations; and

 A determination as to whether the soil cover, including the shoreline, has changed

since the last reporting event.

Table 6: Monitoring/Inspection and Reporting Schedule

* The frequency of events will be conducted as specified for a period of five years or as
directed and approved by NYSDEC.

** A severe weather event includes rain in excess of 3” in a 24-hour period.

Cameras are available on-site to assist with monitoring for severe weather events. Cameras
are located on the AOC3 groundwater remediation system equipment enclosure.

Task Frequency*

Site-wide inspection of soil cover system and

erosion protection berm
Quarterly for the first year, yearly thereafter

Site-wide inspection of soil cover system and

erosion protection berm after severe weather
10 days after severe event**

Site Survey Initial and every two years

Plantings
Yearly for the first five years (Goal: 85% survival with

less than 5% invasive species within 50 feet of shore)

Report Annually upon approval of the SMP
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4.0 OPERATION AND MAINTENANCE PLAN

The Site remedy for AOC1 does not rely on any mechanical systems, such as sub-slab

depressurization systems or air sparge/ soil vapor extraction systems to protect public health

and the environment. Therefore, the operation and maintenance of such components is not

included in this SMP. Information on non-mechanical Engineering Controls (i.e. soil cover

system) is provided in Section 3 - Engineering and Institutional Control Plan.

As outlined in Section 1.2, AOC3 is defined as the site-wide groundwater that includes

AOC1. While AOC3 is covered under a separate SMP, operation requirements are included

in the following sections of this SMP for reference in the event that operation transfers to

this SMP.

4.1 INTRODUCTION - AOC3 GROUNDWATER REMEDIATION SYSTEM

The 2012 AOC3 Groundwater Remediation System Final Design Report is provided as a

separate document for reference in Appendix G. Operation and maintenance of the AOC3

Groundwater Remediation System is being performed in accordance with the Groundwater

Remediation System Operations, Maintenance, and Monitoring Manual (OMM Manual,

Appendix J).

The OMM Manual describes the measures necessary to operate, maintain, and monitor the

mechanical components of the remedy selected for AOC3. The OMM Manual includes, but

is not limited to, the following:

 Procedures necessary to allow individuals unfamiliar with the site to operate and

maintain the system; and

 An operation and maintenance contingency plan.

The OMM Manual will be updated periodically to reflect changes in site conditions or the

manner in which the system is operated and maintained.
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4.2 AOC3 ENGINEERING CONTROL SYSTEM OPERATION AND

MAINTENANCE

The system is remotely monitored on a daily basis and routine visits to the system are

performed on a weekly basis. System maintenance is performed as required or as specified

by individual component manufactures in accordance with preventive maintenance

guidance. The OMM Manual in Appendix J provides additional detail about system

operation and maintenance.

4.3 AOC3 ENGINEERING CONTROL SYSTEM PERFORMANCE MONITORING

System performance is gauged by evaluating the analytical results of system samples to

understand the characteristics of the influent groundwater and the injected groundwater after

amendment. System performance is also gauged by evaluation of the analytical results of

groundwater monitoring samples. The OMM Manual in Appendix J provides additional

detail about system performance monitoring.

4.4 AOC3 MAINTENANCE AND PERFORMANCE MONITORING REPORTING

REQUIREMENTS

Maintenance reports and any other information generated during regular operations at the

site will be kept on-file on-site. All reports, forms, and other relevant information generated

will be available upon request to the NYSDEC and submitted as part of the Periodic Review

Report for AOC3, or as specified in Section 5 of this SMP if AOC3 operation transfers to

this SMP.

4.4.1 Routine Maintenance Reports

Copies of the system OMM logs and checklists are provided in the OMM Manual in

Appendix J. Logs and checklists are completed on a weekly basis or as specified for specific

tasks. Maintenance is performed as needed or as specified by individual component

manufactures in accordance with preventive maintenance guidance. Preventative

maintenance performed is documented and tracked. The OMM Manual in Appendix J

provides additional detail about routine maintenance documentation and reporting.
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4.4.2 Non-Routine Maintenance Reports

Copies of the system OMM logs and checklists are provided in the OMM Manual in

Appendix J. Logs and checklists are completed on a weekly basis or as specified for specific

tasks. Non-routine maintenance is performed as needed dependent upon system performance

or based on deficiencies noted during routine inspections. . The OMM Manual in Appendix

J provides additional detail about non-routine maintenance documentation and reporting.
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5. INSPECTIONS, REPORTING AND CERTIFICATIONS

5.1 SITE INSPECTIONS

5.1.1 Inspection Frequency

All inspections will be conducted at the frequency specified in the schedules provided in

Section 3 Monitoring Plan and Section 4 Operation and Maintenance Plan of this SMP. At a

minimum, a site-wide inspection will be conducted annually. Inspections will also be

conducted whenever a severe condition has taken place, such as an erosion or flooding

event that may affect the ECs.

5.1.2 Inspection Forms, Sampling Data, and Maintenance Reports

All inspections will be recorded on the appropriate forms which are contained in

Appendix F. Forms are subject to NYSDEC revision.

All applicable inspection forms and other records generated for the Site during the reporting

period will be provided in electronic format in the Periodic Review Report.

5.1.3 Evaluation of Records and Reporting

The results of the inspection will be evaluated as part of the EC/IC certification to confirm

that the:

 EC/ICs are in place, are performing properly, and remain effective;

 Maintenance activities are being conducted properly; and, based on the above

items,

 The Site remedy continues to be protective of public health and

the environment and is performing as designed in the Remedial Design

Remedial Action Work Plan (RDRAWP) and Final Engineering Report (FER).

5.2 CERTIFICATION OF ENGINEERING AND INSTITUTIONAL CONTROLS

After the last inspection of the reporting period, a qualified environmental professional or

Professional Engineer licensed to practice in New York State will prepare the following
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certification:

For each institutional or engineering control identified for the Site, I certify that the

following statements are true:

 The inspection of the Site to confirm the effectiveness of the institutional and

engineering controls required by the remedial program was performed under my

direction;

 The institutional control and/or engineering control employed at this Site is

unchanged from the date the control was put in place, or last approved by the

Department;

 Nothing has occurred that would impair the ability of the control to protect the

public health and environment;

 Nothing has occurred that would constitute a violation or failure to comply with

any Site management plan for this control;

 Access to the Site will continue to be provided to the Department to evaluate the

remedy, including access to evaluate the continued maintenance of this control;

 If a financial assurance mechanism is required under the oversight document for

the Site, the mechanism remains valid and sufficient for the intended purpose under

the document;

 Use of the Site is compliant with the environmental easement;

 The engineering control systems are performing as designed and are effective;

 To the best of my knowledge and belief, the work and conclusions described in

this certification are in accordance with the requirements of the Site remedial

program and generally accepted engineering practices; and

 The information presented in this report is accurate and complete.

I certify that all information and statements in this certification form are true. I

understand that a false statement made herein is punishable as a Class “A”

misdemeanor, pursuant to Section 210.45 of the Penal Law. I, [name], of [business
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address], am certifying as [Owner or Owner’s Designated Site Representative].

The signed certification will be included in the Periodic Review Report described below.

5.3 PERIODIC REVIEW REPORT

A Periodic Review Report will be submitted to the Department every year, beginning

eighteen months after the Certificate of Completion is issued. In the event that the Site is

subdivided into separate parcels with different ownership, a single Periodic Review

Report will be prepared that addresses the Site described in the Environmental Easement.

The report will be prepared in accordance with NYSDEC DER-10 and submitted within

45 days of the end of each certification period. The report will include:

 Identification, assessment and certification of all ECs/ICs required by the

remedy for the Site;

 Results of the required annual Site inspections and severe condition inspections, if

applicable;

 All applicable inspection forms and other records generated for the Site during the

reporting period in electronic format;

 Results of all analyses, copies of all laboratory data sheets, and the required

laboratory data deliverables for all samples collected during the reporting period will

be submitted electronically in a NYSDEC-approved format;

 A Site evaluation, which includes the following:

o The compliance of the remedy with the requirements of the site-specific

RDRAWP or ROD;

o Any new conclusions or observations regarding Site contamination

based on inspections or data generated by the Monitoring Plan for the

media being monitored;

o Recommendations regarding any necessary changes to the remedy and/or
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Monitoring Plan; and

o The overall performance and effectiveness of the remedy.

The Periodic Review Report will be submitted, in hard-copy and electronic format, to the

NYSDEC Regional Office in which the Site is located and the NYSDOH Bureau of

Environmental Exposure Investigation.

5.4 CORRECTIVE MEASURES PLAN

If any component of the remedy is found to have failed, or if the periodic certification

cannot be provided due to the failure of an institutional or engineering control, a corrective

measures plan will be submitted to the NYSDEC for approval. This plan will explain the

failure and provide the details and schedule for performing work necessary to correct the

failure. Unless an emergency condition exists, no work will be performed pursuant to the

corrective measures plan until it is approved by the NYSDEC.
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Tappan Terminal Inactive Hazardous Waste Disposal Site September 7, 2006
RECORD OF DECISION Page 29

Table 1
Nature and Extent of Contamination

MEDIUM CATEGORY CONTAMINANT
 OF CONCERN

CONCENTRATION
 RANGE (ppm)

FREQUENCY of
 EXCEEDING 

SCGs/Background 

SCG/
Bkgd.
(ppm)

Surface Soils
(0-3")

Semivolatile
Organic
Compounds
(SVOCs)

Benzo(a)anthracene ND (0.027) to 5.4 13 of 18 0.224

Chrysene ND (0.030) to 6.2 12 of 18 0.400

Benzo(b)fluoranthene ND (0.021) to 7.1 7 of 18 1.1

Benzo(k)fluoranthene ND (0.019) to 5.2 6 of 18 1.1

Benzo(a) pyrene ND (0.027) to 6.5 16 of 18 0.061

Dibenzo(a,h)
anthracene

ND (0.014) to 1.3 13 of 18 0.014

Polychlorinated
Biphenyls

Total PCBs ND (0.001) to 5.0 7 of 33 1.0

Metals Arsenic ND (3.0) to 90 11 of 18 7.5

Barium ND (1.0) to 8,120 7 of 18 300

Beryllium ND (1.0) to 8.1 17 of 18 0.160

Chromium ND (1.0) to 97 3 of 18 50

Copper ND (1.0) to 1,110 17 of 18 25

Lead ND (2.0) to 1,320 8 of 18 400

Mercury ND (0.2) to 2.8 16 of 18 0.100

Nickel ND (2.0) to 119 15 of 18 13

Selenium ND (4.0) to 2.5 2 of 18 2.0

Vanadium ND (1.0) to 2,190 3 of 18 150

Zinc ND (1.0) to 3,200 24 of 24 20



MEDIUM CATEGORY CONTAMINANT
 OF CONCERN

CONCENTRATION
 RANGE (ppm)

FREQUENCY of
 EXCEEDING 

SCGs/Background 

SCG/
Bkgd.
(ppm)
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Near Surface
Soils 

(3"-11")

Semivolatile
Organic
Compounds
(SVOCs)

Benzo(a)anthracene ND (0.027) to 23 5 of 6 0.224

Chrysene ND (0.030) to 25 4 of 6 0.400

Benzo(b)fluoranthene ND (0.021) to 23 2 of 6 1.1

Benzo(k)fluoranthene ND (0.019) to 25 2 of 6 1.1

Benzo(a) pyrene ND (0.027) to 25 5 of 6 0.061

Indeno (1,2,3-cd)
pyrene

ND (0.020) to 12 1 of 6 3.2

Dibenzo(a,h)
anthracene

ND (0.014) to 7.9 5 of 6 0.014

Polychlorinated
Biphenyls

Total PCBs ND (0.001) to 4.4 1 of 6 1.0

Metals Arsenic ND (3.0) to 19.8 2 of 6 7.5

Barium ND (1.0) to 954 3 of 6 300

Beryllium ND (1.0) to 0.39 6 of 6 0.160

Copper ND (1.0) to 428 6 of 6 25

Lead ND (2.0) to 403 1 of 6 400

Mercury ND (0.2) to 2.0 5 of 6 0.100

Nickel ND (2.0) to 35.9 5 of 6 13

Zinc ND (1.0) to 1,620 6 of 6 20



MEDIUM CATEGORY CONTAMINANT
 OF CONCERN

CONCENTRATION
 RANGE (ppm)

FREQUENCY of
 EXCEEDING 

SCGs/Background 

SCG/
Bkgd.
(ppm)
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Subsurface
Soils

Volatile Organic
Compounds

(VOCs)

Chlorobenzene ND (0.10) to 31 6 of 33 1.7

Trichloroethylene ND (0.01) to 15 2 of 33 0.700

Tetrachloroethylene ND (0.01) to 50 3 of 33 1.4

1,2-Dichloroethene ND (0.01) to 23 1 of 33 0.300

Vinyl Chloride ND (0.01) to 1.8 1 of 33 0.200

Semivolatile
Organic
Compounds
(SVOCs)

Benzo(a)anthracene ND (0.064) to 2.4 5 of 10 0.224

Chrysene ND (0.11) to 2.4 3 of 10 0.400

Benzo(b)fluoranthene ND (0.12) to 2.8 3 of 10 1.1

Benzo(k)fluoranthene ND (0.11) to 1.9 3 of 10 1.1

Benzo(a) pyrene ND (0.060) to 1.7 7 of 10 0.061

Dibenzo(a,h)
anthracene

ND (0.069) to 0.330 4 of 10 0.014

Metals Arsenic ND (3.0) to 14.6 5 of 10 7.5

Barium ND (1.0) to 3,650 4 of 10 300

Beryllium ND (1.0) to 0.290 8 of 10 0.160

Cadmium ND (1.0) to 122 1 of 10 10

Chromium ND (1.0) to 120 1 of 10 50

Copper ND (1.0) to 28,700 9 of 10 25

Lead ND (2.0) to 3,090 2 of 10 400

Mercury ND (0.2) to 1.1 9 of 10 0.10

Nickel ND (2.0) to 1,120 5 of 10 13

Selenium ND (2.0) to 2.7 3 of 10 2

Zinc ND (1.0) to 43,500 10 of 10 20



MEDIUM CATEGORY CONTAMINANT
 OF CONCERN

CONCENTRATION
 RANGE (ppm)

FREQUENCY of
 EXCEEDING 

SCGs/Background 

SCG/
Bkgd.
(ppm)
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Sediments Volatile Organic
Compounds

(VOCs)

1,1,2,2-
Tetrachloroethane

ND (1.0) to 5 1 of 12 0.45

Polychlorinated
Biphenyls

Total PCBs ND (1.0) to 0.140 0 of 12 1.0

Groundwater Volatile
Organic

Compounds
(VOCs)

Chlorobenzene ND (0.1) to 11,000 40 of 72 5.0

Benzene ND (0.1) to 170 18 of 72 1.0

Ethyl Ether ND (0.1) to 360
1 1

Diisopropyl Ether ND (0.1) to 410
1 1

Semivolatile
Organic

Compounds
(SVOCs)

2-Chlorophenol ND (0.1) to 61 6 of 38 1.0

1,4-Dichlorobenzene ND (0.1) to 170 5 of 38 3.0

4-Chloroaniline ND (0.1) to 25 4 of 38 5.0

Naphthalene ND (0.1) to 650 8 of 72 10

Metals
(in filtered
samples)

Antimony ND (4.0) to 47 10 of 38 3.0

Arsenic ND (3.0) to 40 1 of 38 25

Barium ND (1.0) to 2,180 10 of 38 1,000

Iron ND (20) to 261,000 26 of 38 300

Manganese ND (4.0) to 8140 30 of 38 300

Selenium ND (4.0) to 17 14 of 38 10

Thallium ND (5.0) to 8.0 2 of 38 0.5

ND - Not detected at the detection limit listed in parenthesis
1 - There are no ambient groundwater standards or guidance values for ethyl and diisopropyl ether



Table 2. Summary of Remaining Soil Contamination Above Unrestructed Levels - Results of Soil Samples Under Concrete Structures, Former Tappan Terminal, Hastings-on-Hudson, New York (2010)

Site- Unrestricted Sample Designation: CP CP TP1-1 TP1-1 TP1-2 TP1-2 TP1-3 TP1-3 TP2-1 TP2-1 TP2-2 TP2-2 TP2-3 TP2-3 TP2-3DUP TP3 TP3 TP4 TP4

Parameter Specific Use Sample Date: 9/15/2010 9/15/2010 9/23/2010 9/23/2010 9/23/2010 9/23/2010 9/23/2010 9/23/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/14/2010 9/14/2010 9/14/2010 9/14/2010

(Concentrations in µg/kg) Standards Criteria Sample Depth (ft bls): 3 6 2 5 2.5 5 2 5 3 6 3 6 1.5 4 4 2 4 2 4

1,2,4,5-Tetrachlorobenzene 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2,2'-oxybis (1-chloropropane) 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

2,3,4,6-Tetrachlorophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2,4,5-Trichlorophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2,4,6-Trichlorophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2,4-Dichlorophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2,4-Dimethylphenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 947 217 J 187 J 1400 U 240 U 1300 U 1300 U

2,4-Dinitrophenol 980 U 1100 U 1100 U 1200 U 850 U 1100 U 990 U 1400 U 1100 U 790 U 940 U 1100 U 1100 U 1000 U 900 U 5700 U 960 U 5300 U 5200 U

2,4-Dinitrotoluene 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

2,6-Dinitrotoluene 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

2-Chloronaphthalene 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

2-Chlorophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2-Methylnaphthalene 448 110 U 110 U 120 U 85 U 110 U 99 U 140 U 84.3 J 46.3 J 94 U 110 U 175 89.8 J 76.3 J 570 U 96 U 2460 1860

2-Methylphenol 330 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 104 J 100 U 90 U 570 U 96 U 530 U 520 U

2-Nitroaniline 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

2-Nitrophenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

3&4-Methylphenol 330 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 764 100 U 90 U 570 U 96 U 530 U 520 U

3,3'-Dichlorobenzidine 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

3-Nitroaniline 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

4,6-Dinitro-2-methylphenol 980 U 1100 U 1100 U 1200 U 850 U 1100 U 990 U 1400 U 1100 U 790 U 940 U 1100 U 1100 U 1000 U 900 U 5700 U 960 U 5300 U 5200 U

4-Bromophenyl phenyl ether 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

4-Chloro-3-methylphenol 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

4-Chloroaniline 250 U 280 U 95.5 J 300 U 210 U 280 U 250 U 55.1 J 270 U 200 U 240 U 270 U 7140 376 522 1400 U 240 U 1300 U 1300 U

4-Chlorophenyl phenyl ether 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

4-Nitroaniline 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 1360 260 U 220 U 1400 U 240 U 1300 U 1300 U

4-Nitrophenol 490 U 560 U 540 U 600 U 430 U 550 U 490 U 710 U 530 U 390 U 470 U 530 U 570 U 520 U 450 U 2800 U 480 U 2600 U 2600 U

Acenaphthene 20,000 2120 56 U 80 38.9 J 28.3 J 55 U 34.4 J 145 613 224 47 U 53 U 150 173 158 280 U 48 U 2620 1040

Acenaphthylene 100,000 97.9 56 U 42.6 J 27 J 43 U 55 U 49 U 71 U 53 U 39 U 47 U 53 U 57 U 52 U 45 U 280 U 48 U 260 U 260 U

Acetophenone 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

Anthracene 100,000 1030 56 U 185 70.6 53.3 55 U 29.3 J 117 144 161 57.2 95.1 985 350 346 214 J 48 U 1480 1070

Atrazine 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

Benzaldehyde 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

Benzo[a]anthracene 1,000 693 41 J 356 145 129 55 U 107 96.8 178 270 140 194 3400 676 805 205 J 32.5 J 397 1280

Benzo[a]pyrene 1,000 317 30.5 J 306 143 113 55 U 97.7 61 J 137 231 126 146 2930 606 718 280 U 22.3 J 209 J 1040

Benzo[b]fluoranthene 1,000 554 43.2 J 276 157 114 55 U 115 77.1 130 249 136 188 3830 548 665 280 U 24.9 J 369 1420

Benzo[g,h,i]perylene 100,000 152 56 U 152 108 70.7 55 U 69.9 38.4 J 78.1 130 70 100 1700 362 448 280 U 48 U 153 J 617

Benzo[k]fluoranthene 800 232 22.6 J 199 103 82.6 55 U 69.7 49.4 J 128 82.6 107 139 1640 458 458 280 U 19.8 J 155 J 512

Bis(2-chloroethoxy)methane 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Bis(2-chloroethyl) ether 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Bis(2-ethylhexyl) phthalate 98 U 110 U 110 U 120 U 85 U 110 U 80.5 J 140 U 110 U 79 U 142 110 U 110 U 100 U 90 U 570 U 84 J 356 J 423 J

Butylbenzyl phthalate 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Caprolactam 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Carbazole 324 110 U 110 U 120 U 85 U 110 U 99 U 37.9 J 110 U 45 J 94 U 110 U 271 103 97 570 U 96 U 530 U 165 J

Chrysene 1,000 680 50.4 J 387 167 141 55 U 139 133 214 262 159 227 3220 749 858 201 J 45.6 J 503 1450

Dibenzo[a,h]anthracene 330 79.6 56 U 57.4 37.3 J 22.7 J 55 U 24.5 J 71 U 53 U 82.2 47 U 53 U 848 184 274 280 U 48 U 260 U 323

Dibenzofuran 1230 110 U 56.2 J 120 U 18 J 110 U 99 U 47.7 J 166 88.4 94 U 110 U 80.8 J 108 129 570 U 96 U 1190 451 J

Diethyl phthalate 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Dimethyl phthalate 103 98.5 J 128 120 U 85 U 110 U 63.9 J 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 316 J 81 J 530 U 520 U

Di-n-butyl phthalate 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Di-n-octyl phthalate 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Diphenyl 186 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 61.9 J 36.4 J 32.7 J 570 U 96 U 530 U 520 U

Fluoranthene 100,000 3660 80.5 769 273 267 55 U 206 502 470 557 348 476 9930 1610 1660 5290 86.9 1530 2560

Fluorene 30,000 1830 56 U 185 37.8 J 36.2 J 55 U 30 J 103 295 112 47 U 81.3 247 206 199 162 J 48 U 5020 1600

Hexachlorobenzene 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Hexachlorobutadiene 49 U 56 U 54 U 60 U 43 U 55 U 49 U 71 U 53 U 39 U 47 U 53 U 57 U 52 U 45 U 280 U 48 U 260 U 260 U

Hexachlorocyclopentadiene 980 U 1100 U 1100 U 1200 U 850 U 1100 U 990 U 1400 U 1100 U 790 U 940 U 1100 U 1100 U 1000 U 900 U 5700 U 960 U 5300 U 5200 U

Hexachloroethane 250 U 280 U 270 U 300 U 210 U 280 U 250 U 360 U 270 U 200 U 240 U 270 U 290 U 260 U 220 U 1400 U 240 U 1300 U 1300 U

Indeno[1,2,3-cd]pyrene 500 151 56 U 136 96.7 67.3 55 U 68.5 37.7 J 90.5 120 69.2 89.7 1730 335 396 280 U 48 U 260 U 630

Isophorone 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Naphthalene 12,000 193 107 47.6 J 60 U 43 U 55 U 49 U 36.7 J 189 157 67.4 49.8 J 290 177 162 280 U 48 U 260 U 650

Nitrobenzene 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

n-Nitrosodi-n-propylamine 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

n-Nitrosodiphenylamine 250 U 280 U 410 300 U 210 U 280 U 250 U 715 270 U 200 U 240 U 270 U 290 U 260 U 64.1 J 1400 U 240 U 1300 U 1300 U

Pentachlorophenol 800 490 U 560 U 540 U 600 U 430 U 550 U 490 U 710 U 530 U 390 U 470 U 530 U 570 U 520 U 450 U 2800 U 480 U 2600 U 2600 U

Phenanthrene 100,000 5260 39.8 J 586 113 189 55 U 129 443 378 416 226 339 1310 1170 1140 282 30.7 J 10000 4480

Phenol 330 98 U 110 U 110 U 120 U 85 U 110 U 99 U 140 U 110 U 79 U 94 U 110 U 110 U 100 U 90 U 570 U 96 U 530 U 520 U

Pyrene 100,000 2720 79.6 769 282 274 55 U 228 436 436 547 293 386 7900 1260 1370 795 60.7 2000 3020

Total SVOC (in mg/kg) 500 22.0605 0.5931 5.2233 1.7993 1.6061 0 1.4924 3.1318 3.7309 3.7805 1.9408 2.5109 51.0137 9.7942 10.7651 7.465 0.4884 28.442 24.591

B - Analyte in associated blank

J - Estimated value

U - Indicates that the compound was analyzed for but not detected

DUP - Duplicate sample

µg/kg - Micrograms per kilogram

ft bls - Feet below land surface

mg/kg - Milligrams per kilogram

SVOC - Semivolatile Organic Compounds

Value exceeds or potentially exceeds NYSDEC Soil Cleanup Objective (SCO) for Unrestricted Use Criteria.
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Table 2. Summary of Remaining Soil Contamination Above Unrestructed Levels - Results of Soil Samples in the Excavation Area, Former Tappan Terminal, Hastings-on-Hudson, New York

Site- Unrestricted Sample Designation: B1 B2 B3 B4 B5 B6 B6 DUP B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19

Parameter Specific Use Sample Date: 11/18/2010 11/18/2010 11/18/2010 11/19/2010 11/18/2010 11/18/2010 11/18/2010 11/19/2010 11/23/2010 11/22/2010 11/22/2010 11/22/2010 11/22/2010 11/23/2010 11/23/2010 11/22/2010 11/22/2010 11/30/2010 11/30/2010 12/3/2010

(Concentrations in µg/kg) Criteria Criteria Sample Depth (ft bls): 5.5-5.5 5.5-5.5 6-6 5.5-5.5 6-6 6-6 6-6 6-6 6.5-6.5 5.5-6 5.5-6 5.5-6 5.5-6 6-6 6-6 6.5-6.5 6.5-6.5 6.5-6.5 6.5-6.5 7.5

1,2,4,5-Tetrachlorobenzene 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2,2'-oxybis (1-chloropropane) 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
2,3,4,6-Tetrachlorophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2,4,5-Trichlorophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2,4,6-Trichlorophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2,4-Dichlorophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2,4-Dimethylphenol 340 U 250 U 370 U 350 U 649 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
2,4-Dinitrophenol 1400 U 990 U 1500 U 1400 U 950 U 1100 U 1300 U 1100 U 890 U 1000 U 720 U 750 U 1100 U 980 UJ 1600 U 1100 U 800 U 1100 U 840 U 1400 U
2,4-Dinitrotoluene 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
2,6-Dinitrotoluene 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
2-Chloronaphthalene 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 51.7 J 80 U 110 U 84 U 140 U
2-Chlorophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
2-Methylnaphthalene 9310 281 59.6 J 3740 348 59.3 J 270 264 89 U 398 664 62.3 J 5470 98 U 160 U 36.8 J 270 110 U 356 140 U
2-Methylphenol 330 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
2-Nitroaniline 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
2-Nitrophenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
3&4-Methylphenol 330 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
3,3'-Dichlorobenzidine 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 UJ 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
3-Nitroaniline 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
4,6-Dinitro-2-methylphenol 1400 U 990 U 1500 U 1400 U 950 U 1100 U 1300 U 1100 U 890 U 1000 U 720 U 750 U 1100 U 980 UJ 1600 U 1100 U 800 U 1100 U 840 U 1400 U
4-Bromophenyl phenyl ether 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
4-Chloro-3-methylphenol 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
4-Chloroaniline 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
4-Chlorophenyl phenyl ether 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
4-Nitroaniline 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
4-Nitrophenol 680 U 500 U 750 U 710 U 480 U 530 U 640 U 540 U 440 U 520 U 360 U 380 U 550 U 490 UJ 810 U 530 U 400 U 530 U 420 U 700 U
Acenaphthene 20,000 1120 137 75 U 323 216 53 U 30.5 J 122 44 U 283 297 38 U 2710 1950 J 468 53 U 20.8 J 52 J 278 56.6 J
Acenaphthylene 100,000 68 U 50 U 75 U 71 U 48 U 53 U 64 U 54 U 44 U 52 U 44.5 38 U 55 U 49 UJ 81 U 53 U 40 U 42.5 J 42 U 70 U
Acetophenone 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
Anthracene 100,000 68 U 50 U 75 U 130 48 U 53 U 64 U 294 44 U 52 U 605 38 U 541 1550 J 81 U 53 U 40 U 125 186 60.8 J
Atrazine 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
Benzaldehyde 340 U 250 U 327 J 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
Benzo[a]anthracene 1,000 367 43.3 J 75 U 156 48 U 59.1 64 U 667 235 J 69.4 989 105 510 2390 J 454 53 U 97.8 210 363 168
Benzo[a]pyrene 1,000 410 40.8 J 75 U 123 48 U 67.2 64 U 649 171 J 61.7 929 104 515 2520 J 475 58.7 107 243 318 139
Benzo[b]fluoranthene 1,000 423 42 J 75 U 71 U 48 U 108 64 U 561 199 J 79.2 957 108 480 2560 J 519 84.3 146 84.7 255 141
Benzo[g,h,i]perylene 100,000 255 50 U 75 U 71.1 48 U 60.8 64 U 440 103 J 45.4 J 538 71.9 371 1790 J 218 53 U 84.6 169 183 76.5
Benzo[k]fluoranthene 800 133 50 U 75 U 71 U 48 U 36.6 J 64 U 387 71.7 J 52 U 723 65.5 312 2250 J 230 53 U 45.6 193 229 71.3
Bis(2-chloroethoxy)methane 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
Bis(2-chloroethyl) ether 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
Bis(2-ethylhexyl) phthalate 365 56.5 J 150 U 159 340 111 130 U 1420 89 UJ 100 U 72 U 75 U 110 U 146 J 1670 1150 80 U 110 U 72.8 J 140 U
Butylbenzyl phthalate 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 UJ 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
Caprolactam 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
Carbazole 140 U 99 U 150 U 57.1 J 95 U 110 U 130 U 135 51.6 J 100 U 236 24.4 J 110 U 538 J 160 U 110 U 80 U 32 J 65.6 J 140 U
Chrysene 1,000 418 50 U 75 U 172 48 U 53 U 64 U 780 220 J 52 U 1100 79.2 782 2740 J 504 53 U 67.3 308 403 212
Dibenzo[a,h]anthracene 330 135 50 U 75 U 31.2 J 48 U 31 J 64 U 168 59.7 J 52 U 254 34.1 J 176 734 J 108 53 U 40 U 70.9 79.9 70 U
Dibenzofuran 390 89.3 J 150 U 258 165 110 U 130 U 110 U 30.9 J 144 211 25.9 J 1410 957 J 127 J 34.9 J 48.3 J 110 U 112 140 U
Diethyl phthalate 140 U 99 U 150 U 140 U 95 U 110 U 119 J 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
Dimethyl phthalate 140 U 87.4 J 133 J 140 U 95 U 113 145 140 89 U 62.5 J 63.3 J 45.3 J 110 U 98 UJ 451 73.9 J 66.7 J 87.8 JB 122 B 119 J
Di-n-butyl phthalate 140 U 99 U 150 U 140 U 95 U 110 U 488 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 102 J
Di-n-octyl phthalate 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 UJ 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
Diphenyl 140 U 99 U 150 U 140 U 95 U 110 U 130 U 47.2 J 89 U 100 U 41.5 J 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 30.1 J 140 U
Fluoranthene 100,000 444 80.9 33.3 J 365 64.3 84.8 64 U 970 304 124 2200 239 1150 5720 506 195 193 452 633 355
Fluorene 30,000 1320 271 123 618 433 53 U 220 201 48.5 461 404 59.8 3420 2620 J 514 171 142 53.7 349 46.7 J
Hexachlorobenzene 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 UJ 160 U 110 U 80 U 110 U 84 U 140 U
Hexachlorobutadiene 68 U 50 U 75 U 71 U 48 U 53 U 64 U 54 U 44 U 52 U 36 U 38 U 55 U 49 U 81 U 53 U 40 U 53 U 42 U 70 U
Hexachlorocyclopentadiene 1400 U 990 U 1500 U 1400 U 950 U 1100 U 1300 U 1100 U 890 U 1000 U 720 U 750 U 1100 U 980 UJ 1600 U 1100 U 800 U 1100 U 840 U 1400 U
Hexachloroethane 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 U 400 U 270 U 200 U 270 U 210 U 350 U
Indeno[1,2,3-cd]pyrene 500 198 50 U 75 U 74.7 48 U 58.9 64 U 369 102 J 45.3 J 518 61.2 317 1690 J 183 53 U 71.1 145 167 73
Isophorone 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
Naphthalene 12,000 68 U 50 U 75 U 312 48 U 71.5 172 91.3 60.5 241 275 64 55 U 49 U 144 129 125 74.4 178 31.3 J
Nitrobenzene 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
n-Nitrosodi-n-propylamine 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 75 U 110 U 98 U 160 U 110 U 80 U 110 U 84 U 140 U
n-Nitrosodiphenylamine 340 U 250 U 370 U 350 U 240 U 270 U 320 U 270 U 220 U 260 U 180 U 190 U 280 U 240 UJ 400 U 270 U 200 U 270 U 210 U 350 U
Pentachlorophenol 800 680 U 500 U 750 U 710 U 480 U 530 U 640 U 540 U 440 U 520 U 360 U 380 U 550 U 490 UJ 810 U 530 U 400 U 530 U 420 U 700 U
Phenanthrene 100,000 3850 862 218 1570 1210 53 U 433 1010 367 1140 2630 163 11700 7300 1200 112 350 400 941 193
Phenol 330 140 U 99 U 150 U 140 U 95 U 110 U 130 U 110 U 89 U 100 U 72 U 165 110 U 98 U 160 U 110 U 80 U 110 U 84 U 79.7 J
Pyrene 100,000 750 95.5 43.8 J 346 75.5 108 64 U 1160 462 J 124 2020 255 1410 4620 J 543 265 215 409 858 281

Total SVOC (in mg/kg) 500 19.888 2.0867 0.9377 8.5061 3.5008 0.9692 1.8775 9.8755 2.4859 3.2785 15.6993 1.7326 31.274 42.075 8.314 2.3623 2.0502 3.152 6.1794 2.2059

B - Analyte in associated blank
J - Estimated value
U - Indicates that the compound was analyzed for but not detected
DUP - Duplicate sample
µg/kg - Micrograms per kilogram
ft bls - Feet below land surface
mg/kg - Milligrams per kilogram
SVOC - Semivolatile Organic Compounds
Value exceeds or potentially exceeds NYSDEC SCO for Unrestricted Use Criteria.
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Table 2. Summary of Remaining Soil Contamination Above Unrestructed Levels - Results of Soil Samples in the Excavation Area, Former Tappan Terminal, Hastings-on-Hudson, New York

Site- Unrestricted Sample Designation:

Parameter Specific Use Sample Date:

(Concentrations in µg/kg) Criteria Criteria Sample Depth (ft bls):

1,2,4,5-Tetrachlorobenzene
2,2'-oxybis (1-chloropropane)
2,3,4,6-Tetrachlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol 330
2-Nitroaniline
2-Nitrophenol
3&4-Methylphenol 330
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl phenyl ether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl phenyl ether
4-Nitroaniline
4-Nitrophenol
Acenaphthene 20,000
Acenaphthylene 100,000
Acetophenone
Anthracene 100,000
Atrazine
Benzaldehyde
Benzo[a]anthracene 1,000
Benzo[a]pyrene 1,000
Benzo[b]fluoranthene 1,000
Benzo[g,h,i]perylene 100,000
Benzo[k]fluoranthene 800
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl) ether
Bis(2-ethylhexyl) phthalate
Butylbenzyl phthalate
Caprolactam
Carbazole
Chrysene 1,000
Dibenzo[a,h]anthracene 330
Dibenzofuran
Diethyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Diphenyl
Fluoranthene 100,000
Fluorene 30,000
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno[1,2,3-cd]pyrene 500
Isophorone
Naphthalene 12,000
Nitrobenzene
n-Nitrosodi-n-propylamine
n-Nitrosodiphenylamine
Pentachlorophenol 800
Phenanthrene 100,000
Phenol 330
Pyrene 100,000

Total SVOC (in mg/kg) 500

B - Analyte in associated blank
J - Estimated value
U - Indicates that the compound was analyzed for but not detected
DUP - Duplicate sample
µg/kg - Micrograms per kilogram
ft bls - Feet below land surface
mg/kg - Milligrams per kilogram
SVOC - Semivolatile Organic Compounds
Value exceeds or potentially exceeds NYSDEC SCO for Unrestricted Use Criteria.

B19 DUP B20 B21 B22 B22-1 A1-E1 A1-E2 A1-E3 A1-E4 A1-E5 A1-E6 A1-E7 A1-N1 A1-N2 A1-S1 A1-S2-1 A1-W1 A1-W2 A1-W3 A1-W4 A1-W5

12/3/2010 12/16/2010 12/16/2010 1/25/2011 2/10/2011 11/17/2010 11/17/2010 11/17/2010 11/22/2010 11/23/2010 12/16/2010 12/16/2010 11/23/2010 11/23/2010 11/18/2010 11/19/2010 11/17/2010 11/18/2010 11/18/2010 11/19/2010 11/18/2010

7.5 5.5-6 5.5-6 8.5-8.5 10-10 4-4.5 4-4.5 4-4.5 5.5-6 6-6 3.5-4 4.5-5 5.5-5.5 5.5-5.5 6-6 6-6 4-4.5 5-5 5.7-5.7 5.5-5.5 6-6

350 U 240 U 230 U 399 J 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 497 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U

1400 U 980 U 910 U 3900 U 1300 U 1300 U 1300 U 970 U 710 U 950 U 710 U 800 U 1500 UJ 1400 U 1400 U 1400 U 1100 U 990 U 850 U 1200 U 890 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
140 U 98 U 206 660 66.2 J 718 70.3 J 103 396 117 71 U 40.3 J 150 U 101 J 100 J 140 U 110 U 113 1050 100 J 12600
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 177 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 UJ 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U

1400 U 980 U 910 U 3900 U 1300 U 1300 U 1300 U 970 U 710 U 950 U 710 U 800 U 1500 UJ 1400 U 1400 U 1400 U 1100 U 990 U 850 U 1200 U 890 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
700 U 490 U 450 U 1900 U 660 U 650 U 650 U 490 U 360 U 480 U 350 U 400 U 750 UJ 710 U 710 U 680 U 530 U 490 U 420 U 590 U 450 U
63.2 J 50.1 58 1730 57.9 J 1390 65 U 63.2 305 48 U 35 U 88.7 3400 J 551 71 U 68 U 90.2 49 U 1510 23.3 J 1310
70 U 49 U 34 J 190 U 66 U 65 U 53.7 J 49 U 36 U 48 U 19.3 J 40 U 75 UJ 97.4 103 68 U 53 U 49 U 42 U 59 U 45 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
101 88.3 81.6 2600 65.3 J 65 U 119 40.1 J 36 U 48 U 17.8 J 285 75 UJ 519 71 U 68 U 138 49 U 189 25.2 J 45 U

350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 110 J 250 U 210 U 290 U 220 U
126 135 206 3350 167 86.8 288 124 72 84.4 73.8 370 210 J 797 J 380 61.3 J 647 34.9 J 92.5 25 J 209
93.9 89.5 143 2360 114 77.8 255 173 67.2 66.8 J 71.6 265 199 J 793 J 451 68 U 562 32.2 J 96 59 U 185
99.6 162 233 1300 98.9 74.8 213 161 75.8 92.6 J 152 324 257 J 1160 J 506 68 U 567 38.7 J 145 59 U 232

62.6 J 55.8 102 1820 91.3 61.5 J 188 122 44.3 46.4 J 66.9 152 134 J 441 J 284 68 U 321 49 U 104 59 U 132
65.2 J 49 U 34 J 467 49.3 J 53.7 J 234 85.6 29 J 48 UJ 65.7 117 65.7 J 380 J 351 68 U 357 49 U 46.6 59 U 71.6
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 96.7 J 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 1810 J 140 U 465 612 81.1 J 189 70.6 J 603
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 UJ 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 24.5 J 150 UJ 101 J 140 U 140 U 82.7 J 99 U 85 U 120 U 89 U
122 207 262 5330 257 157 361 158 24.7 J 48.6 80.8 355 130 J 1050 J 485 98.8 638 49 U 74.4 59 U 305
70 U 49 U 28.9 J 190 U 66 U 65 U 96.6 53.8 36 U 48 UJ 23.6 J 52.9 75 UJ 199 J 147 68 U 140 49 U 52.4 59 U 45 U
140 U 98 U 23.8 J 1090 26.6 J 726 130 U 97 U 142 95 U 71 U 57.7 J 150 UJ 259 140 U 140 U 110 U 99 U 739 24.7 J 616
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
281 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71.2 402 71 U 80 U 150 UJ 343 179 141 110 U 99 U 85 U 120 U 89 U

130 J 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 UJ 71 U 80 U 150 UJ 140 UJ 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 1510 130 U 130 U 130 U 97 U 73 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 607
310 71.4 228 2280 175 187 439 190 141 99 110 1050 614 J 1770 331 65.7 J 893 64.4 289 50.7 J 491

58.2 J 33.5 J 109 3810 76.4 1930 65 U 51.4 398 32 J 35 U 87.6 4600 J 863 55.2 J 68 U 53 U 40.3 J 1920 48.2 J 1420
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 UJ 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
70 U 49 U 45 U 190 U 66 U 65 U 65 U 49 U 36 U 48 U 35 U 40 U 75 U 71 U 71 U 68 U 53 U 49 U 42 U 59 U 45 U

1400 U 980 U 910 U 3900 U 1300 U 1300 U 1300 U 970 U 710 U 950 U 710 U 800 U 1500 UJ 1400 U 1400 U 1400 U 1100 U 990 U 850 U 1200 U 890 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 U 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
51.8 J 24.8 J 83.6 664 64.2 J 43.9 J 165 113 38.9 46.5 J 61.9 145 131 J 421 J 296 68 U 300 49 U 91.5 59 U 112
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
52.7 J 49 U 23.6 J 2200 60.6 J 65 U 263 42.6 J 268 126 35 U 24.9 J 75 U 255 148 68 U 53 U 49 U 520 37.5 J 2590
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
140 U 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
350 U 240 U 230 U 970 U 330 U 320 U 320 U 240 U 180 U 240 U 180 U 200 U 380 UJ 350 U 360 U 340 U 270 U 250 U 210 U 290 U 220 U
700 U 490 U 450 U 1900 U 660 U 650 U 650 U 490 U 360 U 480 U 350 U 400 U 750 UJ 710 U 710 U 680 U 530 U 490 U 420 U 590 U 450 U
98.9 47.4 J 436 12100 169 6150 334 239 657 31.5 J 34.1 J 967 8200 3040 59.3 J 75.3 425 89.3 6650 145 4390
130 J 98 U 91 U 390 U 130 U 130 U 130 U 97 U 71 U 95 U 71 U 80 U 150 U 140 U 140 U 140 U 110 U 99 U 85 U 120 U 89 U
227 255 349 9320 363 249 485 248 154 159 93.5 814 631 J 1980 J 437 141 869 71.5 278 51.5 J 683

2.0731 1.2198 2.6415 52.99 1.9017 12.0022 4.0616 1.9677 2.9571 1.3518 0.871 5.2206 18.5717 16.9304 4.3125 1.0481 6.9289 0.5654 14.0364 0.6017 26.5566
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Table 3
Criteria for On-Site Reuse of Excavated Materials or Imported Soils*

Site Management Plan
Former Mobil Tappan Terminal, Soil Cap for AOC 1 (Western Parcel)

Village of Hastings on Hudson, Westchester County, New York
Site No. 3-60-015

Location Criteria

Within 6 inches of grade;

and

Within 50 horizontal feet from shore

SCOs for Restricted Residential Site Use;

SCOs for Protection of Ecological Resources; and

Plantable Soil (6 - 20% by weight of fine textured
stable organic material)

Within 6 inches of grade;

and

Greater than 50 horizontal feet from shore

SCOs for Restricted Residential Site Use;

and

Plantable Soil (6 - 20% by weight of fine textured
stable organic material)

Within 6 to 24 inches below grade;

and

Within 50 horizontal feet from shore

SCOs for Restricted Residential Site Use;

and

SCOs for Protection of Ecological Resources

Within 6 to 24 inches below grade;

and

Greater than 50 horizontal feet from shore

SCOs for Restricted Residential Site Use

Greater than 24 inches below grade Soil is not Grossly Impacted;

Total SVOCs are less than 500 PPM; and

Covered by a demarcation warning layer

Utility Corridors SCOs for Unrestricted Use

Legend:
PPM = Parts Per Million
SCOs = Soil Cleanup Objectives per 6 NYCRR Subpart 375-6
SVOC = Semivolatile Organic Compound

* Documentation of the fill source will be provided to the NYSDEC for approval before use on-
site in accordance with DER-10 Technical Guidance for Site Investigation and Remediation
Sections 5.4(e)5 - 6 and Table 5.4(e)10. All fill material brought to the Site will meet the
requirements for the identified Site use as set forth in 6 NYCRR Part 375-6.7(d). Imported soil
(sand, stone, and topsoil) must be free of odors and sheens. Any imported material with visually
identified contamination and/or odors will be segregated and tested before being used as part of
the soil cover.
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Text Box
NOTES:
1.	TEST PITS WERE COMPLETED AROUND THE EXCAVATION APPROXIMATELY 6 FEET FROM THE SIDEWALL 
	LOCATION AT THE TIME OF THE TEST PIT TO COLLECT SIDEWALL AND BOTTOM SAMPLES.

2.	THE SITE IS COMPRISED OF FILLED LAND AND ADDITION LOCATIONS MAY EXCEED OR POTENTIALLY EXCEED
	UNRESTRICTED USE CRITERIA FOR SVOCS OR OTHER CONSTITUENTS.
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APPENDIX D – EXCAVATION WORK PLAN

D-1 NOTIFICATION

At least 15 days prior to the start of any activity that is anticipated to encounter remaining

contamination, the Site owner or their representative will notify the Department. Currently,

this notification will be made to:

Ed Moore or current Regional Hazardous Waste Remediation Engineer
NYSDEC Region 3
21 South Putt Corners Road
New Paltz, NY 12561-1696

and

Ms. Sarah Saucier or current Project Manager
Division of Environmental Remediation
New York State Department of Environmental Conservation
625 Broadway
Albany, New York 12233 -7014

This notification will include:

 A detailed description of the work to be performed, including the location

and areal extent, plans for Site re-grading, intrusive elements or utilities to be installed

below the soil cover, estimated volumes of contaminated soil to be excavated and any

work that may impact an engineering control,

 A summary of environmental conditions anticipated in the work areas,

including the nature and concentration levels of contaminants of concern, potential

presence of grossly contaminated media, and plans for any pre-construction

sampling;

 A schedule for the work, detailing the start and completion of all intrusive

work,

 A summary of the applicable components of this EWP,
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 A statement that the work will be performed in compliance with this EWP and

29 CFR 1910.120,

 A copy of the contractor’s health and safety plan, in electronic format,

 Identification of disposal facilities for potential waste streams, and

 Identification of sources of any anticipated backfill, along with all required

chemical testing results.

D-2 SOIL SCREENING METHODS

Visual, olfactory and instrument-based soil screening will be performed by a qualified

environmental professional during all remedial and development excavations into known or

potentially contaminated material (remaining contamination). Soil screening will be

performed regardless of when the invasive work is done and will include all excavation

and invasive work performed during development, such as excavations for foundations and

utility work, after issuance of the COC.

Soils will be segregated based on previous environmental data and screening results into

material that requires off-site disposal, material that requires testing, material that can be

returned to the subsurface, and material that can be used as cover soil.

D-3 STOCKPILE METHODS

Soil stockpiles will be continuously encircled with a berm and/or silt fence. Hay bales will

be used as needed near catch basins, surface waters and other discharge points.

Stockpiles will be kept covered at all times with appropriately anchored tarps. Stockpiles will be

routinely inspected and damaged tarp covers will be promptly replaced.

Stockpiles will be inspected at a minimum once each week and after every storm event.

Results of inspections will be recorded in a logbook and maintained at the Site and available

for inspection by NYSDEC.
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D-4 MATERIALS EXCAVATION AND LOAD OUT

A qualified environmental professional or person under their supervision will oversee all

invasive work and the excavation and load-out of all excavated material.

The owner of the property and its contractors are solely responsible for safe execution of all

invasive and other work performed under this Plan.

The presence of utilities and easements on the Site will be investigated by the qualified

environmental professional. It will be determined whether a risk or impediment to the

planned work under this SMP is posed by utilities or easements on the Site.

Loaded vehicles leaving the Site will be appropriately lined, tarped, securely covered,

manifested, and placarded in accordance with appropriate Federal, State, local, and

NYSDOT requirements (and all other applicable transportation requirements).

A truck wash will be operated on-site. The qualified environmental professional will be

responsible for ensuring that all outbound trucks will be washed at the truck wash before

leaving the Site until the activities performed under this section are complete.

Locations where vehicles enter or exit the Site shall be inspected daily for evidence of off-site

soil tracking.

The qualified environmental professional will be responsible for ensuring that all egress

points for truck and equipment transport from the Site are clean of dirt and other materials

derived from the Site during intrusive excavation activities. Cleaning of the adjacent streets

will be performed as needed to maintain a clean condition with respect to site-derived

materials.

D-5 MATERIALS TRANSPORT OFF-SITE

All transport of materials will be performed by licensed haulers in accordance with

appropriate local, State, and Federal regulations, including 6 NYCRR Part 364. Haulers will

be appropriately licensed and trucks properly placarded.
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Material transported by trucks exiting the Site will be secured with tight-fitting covers. Loose-

fitting canvas-type truck covers will be prohibited. If loads contain wet material capable of

producing free liquid, truck liners will be used.

All trucks will be washed prior to leaving the Site. Truck wash waters will be collected and

disposed of off-site in an appropriate manner.

Truck transport routes and times will be in accordance with requirements of the Village of

Hastings on Hudson. All trucks loaded with Site materials will exit the vicinity of the Site

using only these approved truck routes.

Trucks will be prohibited from stopping and idling in the neighborhood outside the project

Site.

Egress points for truck and equipment transport from the Site will be kept clean of dirt and

other materials during Site remediation and development.

Queuing of trucks will be performed on-site in order to minimize off-site disturbance. Off-site

queuing will be prohibited.

D-6 MATERIALS DISPOSAL OFF-SITE

All soil/fill/solid waste excavated and removed from the Site will be treated as

contaminated and regulated material and will be transported and disposed at an approved

disposal facility and in accordance with all local, State (including 6NYCRR Part 360) and

Federal regulations. If disposal of soil/fill from this Site is proposed for unregulated off-site

disposal (i.e. clean soil removed for development purposes), a formal request with an

associated plan will be made to the NYSDEC. Unregulated off-site management of materials

from this Site will not occur without formal NYSDEC approval.

Off-site disposal locations for excavated soils will be identified in the pre-excavation

notification. This will include estimated quantities and a breakdown by class of disposal

facility if appropriate, i.e. hazardous waste disposal facility, solid waste landfill,

petroleum treatment facility, C/D recycling facility, etc. Actual disposal quantities and
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associated documentation will be reported to the NYSDEC in the Periodic Review Report.

This documentation will include: waste profiles, test results, facility acceptance letters,

manifests, bills of lading and facility receipts.

Non-hazardous historic fill and contaminated soils taken off-site will be handled, at

minimum, as a Municipal Solid Waste per 6NYCRR Part 360-1.2. Material that does not

meet Track 1 unrestricted SCOs is prohibited from being taken to a New York State recycling

facility (6NYCRR Part 360-16 Registration Facility).

D-7 MATERIALS REUSE ON-SITE

Chemical criteria for on-site reuse of material must be approved by NYSDEC and are listed

in Table 3. The qualified environmental professional will ensure that procedures defined for

materials reuse in this SMP are followed and that unacceptable material does not remain on-

site. Contaminated on-site material, including historic fill and contaminated soil, that is

acceptable for re-use on-site will be placed below the demarcation layer or impervious

surface, and will not be reused within a cover soil layer, within landscaping berms, or as

backfill for subsurface utility lines.

Reuse of any on-site material must receive prior NYSDEC approval. Any demolition

material proposed for reuse on-site will be sampled for asbestos and the results will be

reported to the NYSDEC for acceptance. If asbestos is identified, the Department of Labor,

Asbestos Control Bureau must also be notified. Concrete crushing or processing on-site will

not be performed without prior NYSDEC approval. Organic matter (wood, roots, stumps,

etc.) or other solid waste derived from clearing and grubbing of the Site will not be reused

on-site without NYSDEC prior approval.

D-8 FLUIDS MANAGEMENT

All liquids to be removed from the Site, including excavation dewatering and groundwater

monitoring well purge and development waters, will be handled, transported and disposed at

an approved facility and in accordance with applicable local, State, and Federal

regulations. Dewatering, purge and development fluids will not be recharged back to the

land surface or subsurface of the Site, but will be managed off-site.
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Discharge of water generated during large-scale construction activities to surface waters (i.e.

a local pond, stream or river) will be performed under a SPDES permit.

D-9 COVER SYSTEM RESTORATION

After the completion of soil removal and any other invasive activities the cover system will

be restored in a manner that complies with the ROD. The demarcation layer, consisting of

filter fabric (Geotex 401 nonwoven polypropylene geotextile), orange snow fencing

material, or equivalent material will be replaced to provide a visual reference to the top of

the ‘Remaining Contamination Zone’, the zone that requires adherence to special

conditions for disturbance of remaining contaminated soils defined in this Site

Management Plan. If the type of cover system changes from that which exists prior to the

excavation (i.e., a soil cover is replaced by asphalt), this will constitute a modification of the

cover element of the remedy and the upper surface of the ‘Remaining Contamination’. A

figure showing the modified surface will be included in the subsequent Periodic Review

Report and in any updates to the Site Management Plan.

D-10 BACKFILL FROM OFF-SITE SOURCES

All materials proposed for import onto the Site will be approved by the qualified environmental

professional and will be in compliance with provisions in this SMP prior to receipt at the

Site.

Material from industrial sites, spill sites, or other environmental remediation sites or

potentially contaminated sites will not be imported to the Site.

All imported soils will meet the backfill and cover soil quality standards established in

6NYCRR 375-6.7(d). Based on an evaluation of the land use, protection of groundwater and

protection of ecological resources criteria, the resulting soil quality standards are listed in

Table 3. Soils that meet ‘exempt’ fill requirements under 6 NYCRR Part 360, but do not

meet backfill or cover soil objectives for this Site, will not be imported onto the Site without

prior approval by NYSDEC. Solid waste will not be imported onto the Site.

Trucks entering the Site with imported soils will be securely covered with tight fitting
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covers. Imported soils will be stockpiled separately from excavated materials and covered to

prevent dust releases.

D-11 STORMWATER POLLUTION PREVENTION

For larger excavations exceeding 1 acre, procedures for stormwater pollution prevention will

be submitted and approved prior to work commencing. The Stormwater Pollution

Prevention Plan will conform to the requirements of NYSDEC Division of Water guidelines

and NYS regulations.

Barriers and hay bale checks will be installed and inspected once a week and after every storm

event. Results of inspections will be recorded in a logbook and maintained at the Site and

available for inspection by NYSDEC. All necessary repairs shall be made immediately.

Accumulated sediments will be removed as required to keep the barrier and hay bale check

functional.

All undercutting or erosion of the silt fence toe anchor shall be repaired immediately with

appropriate backfill materials.

Manufacturer's recommendations will be followed for replacing silt fencing damaged due to

weathering.

Erosion and sediment control measures identified in the SMP shall be observed to ensure that

they are operating correctly. Where discharge locations or points are accessible, they

shall be inspected to ascertain whether erosion control measures are effective in preventing

significant impacts to receiving waters

Silt fencing or hay bales will be installed around the entire perimeter of the construction area.

D-12 CONTINGENCY PLAN

If underground tanks or other previously unidentified contaminant sources are found during

post-remedial subsurface excavations or development related construction, excavation

activities will be suspended until sufficient equipment is mobilized to address the condition.
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Sampling will be performed on product, sediment and surrounding soils, etc. as necessary to

determine the nature of the material and proper disposal method. Chemical analysis will be

performed for full a full list of analytes (TAL metals; TCL volatiles and semi-volatiles,

TCL pesticides and PCBs), unless the Site history and previous sampling results provide a

sufficient justification to limit the list of analytes. In this case, a reduced list of analytes will

be proposed to the NYSDEC for approval prior to sampling.

Identification of unknown or unexpected contaminated media identified by screening during

invasive Site work will be promptly communicated by phone to NYSDEC’s Project

Manager. Reportable quantities of petroleum product will also be reported to the NYSDEC

spills hotline. These findings will be also included in the periodic reports prepared pursuant

to Section 5 of the SMP.

D-13 COMMUNITY AIR MONITORING PLAN

Community air monitoring will be conducted during soil excavation, test pitting, break-

up of concrete, or other activity that can generate airborne contaminant or nuisance

releases in accordance with the NYSDOH Generic CAMP (in Appendix E) or as

required and approved by the NYSDEC and NYSDOH in a task-specific CAMP for the

planned activity. Whether using a generic or site-specific plan, the CAMP requires, at

a minimum, real-time monitoring for volatile organic compounds (VOCs) and

particulates (i.e., dust) from a work area when Site activities are in progress that could

generate airborne contaminants to provide a measure of protection for the downwind

community (i.e., off-site receptors including residences and businesses and on-site

workers not directly involved with the subject work activities), and to mitigate the

spread of contamination off-site by air. Air monitoring for VOCs and particulates

should be conducted upwind and downwind at the work area perimeter, and as required

in the work area to protect workers directly involved with the subject work activities.

The CAMP will identify action levels for all monitored parameters and mitigation

measures, up to and including stoppage of work, upon an action level exceedance.

A figure showing the location of air sampling stations based on generally prevailing

wind conditions will be provided by the Qualified Professional to the NYSDEC for
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approval. These locations will be adjusted on a daily or more frequent basis based on actual

wind directions to provide an upwind and at least two downwind monitoring stations.

Exceedances of action levels listed in the CAMP will be reported to NYSDEC and

NYSDOH Project Managers.

D-14 ODOR CONTROL PLAN

This odor control plan is capable of controlling emissions of nuisance odors off-site and

on-site, if there are tenants on the property. Specific odor control methods to be used will

be developed by the Qualified Professional for the task subject to the approval of the

NYSDEC. If nuisance odors are identified at the Site boundary, or if odor complaints are

received, work will be halted and the source of odors will be identified and corrected. Work

will not resume until all nuisance odors have been abated. NYSDEC and NYSDOH will be

notified of all odor events and of any other complaints about the project. Implementation of all

odor controls, including the halt of work, is the responsibility of the property owner’s

Remediation Engineer, and any measures that are implemented will be discussed in the

Periodic Review Report.

All necessary means will be employed to prevent on- and off-site nuisances. At a minimum,

these measures will include: (a) limiting the area of open excavations and size of soil

stockpiles; (b) shrouding open excavations with tarps and other covers; and (c) using

foams to cover exposed odorous soils; if odors develop and cannot be otherwise controlled,

additional means to eliminate odor nuisances will include: (d) direct load-out of soils to trucks

for off-site disposal; (e) use of chemical odorants in spray or misting systems; and, (f) use of

staff to monitor odors in surrounding neighborhoods, and other measures as necessary.

If nuisance odors develop during intrusive work that cannot be corrected, or where the

control of nuisance odors cannot otherwise be achieved due to on-site conditions or close

proximity to sensitive receptors, odor control will be achieved by sheltering the excavation and

handling areas in a temporary containment structure equipped with appropriate air

venting/filtering systems.



D-10

SMP Template: March 2010

D-15 DUST CONTROL PLAN

A dust suppression plan that addresses dust management during invasive on-site work will

include, at a minimum, the items listed below:

 Dust suppression will be achieved though the use of a dedicated on-site water

truck for road wetting. The truck will be equipped with a water cannon capable of

spraying water directly onto off-road areas including excavations and stockpiles.

 Clearing and grubbing of larger sites will be done in stages to limit the area of

exposed, unvegetated soils vulnerable to dust production.

 Gravel will be used on roadways to provide a clean and dust-free road surface.

 On-site roads will be limited in total area to minimize the area required for water

truck sprinkling.

D-16 OTHER NUISANCES

A plan for rodent control will be developed and utilized by the contractor prior to and during

Site clearing and Site grubbing, and during all remedial work.

A plan will be developed and utilized by the contractor for all remedial work to ensure

compliance with local noise control ordinances.
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HEALTH & SAFETY PLAN
Site Management Plan

Site Name: Former Tappan Terminal, AOC1 Date of Preparation: April 2015

Site Location: Village of Hastings-on-Hudson,
Westchester County, New York

NYDEC Site No: 3-60-015

1.0 SITE AND PROJECT DESCRIPTION:

The former Mobil Tappan Terminal property (the Site) is 8.13 acres and part of the larger Tappan Terminal Site,
located on 15 acres along the Hudson Riv er w aterfront in the Village of Hastings-on-Hudson, Westchester County ,
New York. This Health & Safety Plan (HASP) has been prepared to support the Site Management Plan (SMP) for the
Site (the Western parcel of the Tappan Terminal Site, also know n as AOC 1). A Site history and description is
av ailable for rev iew in Section 1 of the SMP.

The purpose of this HASP is to define the general requirements that must be follow ed by all personnel at the Site
w hile performing inspection and non-inv asiv e maintenance activities for the SMP. All employ ers on this Site w ill
ex ercise reasonable care to v erify that all personnel are follow ing appropriate health and safety procedures. Each
employ er w orking at the Site is responsible for the safety of its employ ees and authorized v isitors for their projects.
Employers must develop a task-specific HASP for their scope of work and submit it to the Site owner for any
intrusive work or activities which may create an exposure to areas impacted by Site contaminants.

Job Safety Analy ses (JSAs) for the primary w ork tasks anticipated and identified for this Site are included in
Attachment A of this HASP. The sections below identify the hazards and safe practices to be applied; these are also
incorporated into the JSAs for reference. The primary w ork task anticipated at the Site includes Site Grounds
Inspection or General Visit.

1.1 Overview of Engineering and Institutional Controls:
To mitigate hazards associated w ith w ork to be completed at the Site; v arious engineering and institutional controls
hav e been implemented for the Site to protect human health and the env ironment. These controls are described in
Section 2 of the SMP. A brief outline of these controls is summarized below :

Engineering Controls:
Ex posure to remaining contamination in soil/fillat the Site is mitigated by a soil cover system placed ov er the Site. This
cov er system is comprised of a demarcation layer below a nominal 2 feet of soil, or of stone choked w ith soil, meeting
restricted-residential and ecological Soil Cleanup Objectiv es as applicable.

Institutional Controls:
A series of Institutional Controls is required by the Site Record of Decision including to: (1) implement, maintain and
monitor Engineering Control sy stems; (2) prevent future ex posureto remaining contaminationby controlling disturbances
of the subsurface contamination; and, (3) limit the use and dev elopment of the Site to restricted-residential uses only
(w hich includes commercial, light industrial, or recreational). Specific control requirements are listed in Section 2.3 of the
SMP.

1.2 HAZWOPER Applicability
Although remedial actions hav e been undertaken at the Site to protect human health and env ironment through the
Engineering and Institutional Controls described abov e, the Site is subject to 29 CFR 1910.120 Hazardous Waste
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Operations and Emergency Response (HAZWOPER) regulations for w ork activ ities where exposure to Site
contaminants are not controlled. This could include activ ities such as ground intrusion into contaminated soil and
groundw ater as allow able by the SMP. The applicability of these requirements are summarized or referenced in
sections below as applicable.

2.0 PERSONNEL TRAINING REQUIREMENTS:

Training required of indiv iduals w orking at the Site is to include, but not be limited to, the follow ing based on
anticipated w ork.

For site v isits, walk through inspections, and general maintenance activ ities at the Site not including ex cav ation or
soil remov al in areas characterized as impacted by contaminants at the property :

 Site-specific hazard aw areness training v ia a safety pre-briefing and rev iew of this HASP;

For activ ities that w ould include ground penetration activ ities such as ex cavation or soil remov al in areas
characterized as impacted by Site contaminants (e.g. subsurface soils below the Site demarcation lay er):

 In accordance w ith 29 CFR 1910.120 HAZWOPER regulations, hazardous w aste Site w orkers shall, at the
time of job assignment, hav e received a minimum of 40 hours of initial health and safety training for
hazardous w aste site operations unless otherw ise noted in the regulation referenced;

 Annual eight-hour refresher training w ill be required of all hazardous w aste Site field personnel to maintain
their qualifications for fieldw ork;

 First aid and CPR (at least one field member per ev ent); and

 All personnel performing field w ork w here potential ex posure to contaminants ex ists at the Site are required
to hav e passed a complete medical surv eillance ex amination in accordance w ith 29 CFR 1910.120(f).

3.0 SITE HEALTH & SAFETY HAZARD ANALYSIS:

Below is a general description of the anticipated chemical, phy sical and biological hazards to be encountered during
activ ities allow able per the SMP.

3.1 Chemical Hazards:
Contaminants of Concern (COCs) at the Site confirmed from historical inv estigations and remedial actions include
chlorobenzene, benzene, metals, semiv olatile organic compounds, total petroleum hy drocarbons and other
petroleum-related constituents present in the groundwater and soil at the Site.

Ex posures to COCs have been controlled by the installation of a nominal 2 foot soil cov er system w ith a demarcation
lay er so activ ities such as site v isits, general maintenance w ork and inspections, and other activ ities w hich w ill
not include ground penetration activ ities should be protected from contact or ex posure to impacted soils and
groundw ater.

During intrusiv e activ ities such as excavation/earth moving activities, the abov e-mentioned compounds may pose a
potential ex posure hazard through ingestion, inhalation, skin absorption, or a combination of these routes. If such
activ ities are intended, administrative controls w ith designated action lev els based upon onsite air monitoring, and
the use of Personal Protectiv e Equipment (PPE) shall be implemented by the entity conducting such w ork. Any
activ ities w hich include ground penetration or disturbance shall adhere to the requirements of a task-specific HASP
and the SMP.
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3.2 Physical Hazards:

Slips, Trips, and Falls: There are likely to be slip and trip hazards onsite due to outdoor influences and conditions.
These include v egetation, rocks, rough terrain, equipment and supplies, tools and materials used for w ork, sharps
and debris in the env ironment etc. Ev eryone should ex ercise due care in trav ersing the Site. Footw ear must be of
adequate traction. Carry ing of materials that could contribute loss of balance leading to a trip or fall should be
av oided.

Confined Spaces: Confined spaces are not present at the Site.

Excavation and Trenching: All ex cavation and trench w ork w ill be conducted in accordance with the Ex cavation
Work Plan found in Appendix A of the SMP, a task-specific HASP, and OSHA regulations 29 C.F.R. Part 1926,
Subpart P – Ex cav ations 1926.650 – 1926.652, including having an OSHA Competent Person for ex cav ations onsite.

Noise Exposure: Hazardous noise lev els may occur from heavy equipment on this Site or neighboring sites. Noise
sources ty pically include the engines and/or motors of the equipment, the operating parts of the equipment,
compressed air, tool operation, heav y traffic, and other sources. Hearing protection dev ices (HPDs) including ear
plugs and/or muffs w ill be used as appropriate and at a minimum w ill be prov ided to employ ees w hen noise lev els
are at or abov e 85 decibels on the A-w eighting scale (dBA). Any tasks being completed w here even short term noise
lev els ex ceed 85 dBA, then hearing protection w ill be utilized.

Heavy Equipment: If heav y equipment is in the area, it can present significant hazards to w orkers on the ground in
the v icinity of equipment operations. Tw o areas of an OSHA “focused inspection” for construction include “struck by ”
and “caught in or betw een” hazards, accidents or injuries. Most accidents inv olv ing heav y equipment are due to a
lack of aw areness of the v ictim by the operator and/or of the impending motion by the v ictim. Communication such as
ey e contact, hand signals, and aw areness of personnel locations and mov ements and equipment motions are critical
to av oid accidents and injuries. Personnel w ill not “ take breaks” under or behind heav y equipment. Personnel on the
ground w ill not approach equipment (such as ex cav ators or backhoes) from the operator’s “blind side” (the side w ith
the arm and bucket).

Hand and Power Tools: All tools shall be maintained in a safe condition. Tools shall be used only for their intended
purpose. Employ ers are responsible for tools their employ ees use ev en if the tool is the property of the employ ee.
Pow er tools w ill be appropriately guarded and guards w ill not be remov ed. Tools w ill be operated using appropriate
PPE as applicable for the tool.

Hazard Communication: As applicable to the w ork activ ities employed, employers w ill maintain copies of chemical
safety data sheets (SDSs) onsite for all hazardous chemicals on Site. Employ ees w ill hav e appropriate hazard
communication training and each employ er w ill have a w ritten Hazard Communication Program that w ill be used for
any chemicals that w ill be brought to and/or stored on the Site.

Heat Stress: Heat stress w ill be most likely to occur w hen wearing protective clothing that decreases natural body
v entilation. Additional breaks w ill be scheduled for personnel in hot w eather. Employ ees should be aware of the
effects of heat stress, prov ided w ith adequate liquids, and instructed to observ e each other for signs of heat stress
during hot w eather.

Signs of heat stress are summarized as follow s:

 Heat Ex haustion- clammy skin, confusion, dizziness, light headed, fatigue, heat rash, fainting, nausea,
profuse sw eating, slurred speech, w eak pulse.

 Heat Stroke- confusion, conv ulsion, hot dry skin, high temperature (may feel chilled), incoherent speech,
staggered gait, cessation of sw eating, unconsciousness.



SMP HASP April 2015

These signs can be distinguished from those associated w ith chemical hazards as chemical hazards usually do not
cause changes in skin temperature and/ or color, or the ability to sw eat.

Treatment: A v ictim of heat stress should be mov ed to a cool but not cold env ironment and allow ed to rest by ly ing
dow n. Fluids should be taken slow ly but steadily by mouth. If in doubt about the v ictim’s recov ery , seek medical
attention.

Workers may be required to use the “buddy sy stem” to monitor for signs of chemical ex posure, w eather-related
stress, and other health and safety hazards. Employ ees will work in pairs and w ill maintain constant line of sight w ith
each other. If a “buddied” employ ee has to leav e the w ork area, then his or her buddy must accompany them.

ACGIH ® TLVs ® for Heat Exposure – Wet Bulb Globe Temperature (WBGT) Readings in oC *
Acclimatized Workers Unacclimatized Workers

Work Demands Light Mod. Heav y Very Heavy Light Mod. Heav y Very Heavy
100% w ork 29.5 27.5 26 N/A 27.5 25 22.5 N/A
75% w ork/25% rest 30.5 28.5 27.5 N/A 29 26.5 24.5 N/A
50% w ork/50% rest 31.5 29.5 28.5 27.5 30 28 26.5 25
25% w ork/75% rest 32.5 31 30 29.5 31 29 28 26.5

Consult the ACGIH TLVs and BEIs current edition for additional notes and instructions on implementing WBGTs.
Only applicable for Level D PPEensemble – NOT for Chemical Protective Clothing that restricts evaporation of
sweat.

Cold Stress: Cold stress w ill most likely occur during colder temperatures from fall to spring (how ev er, hy pothermia
has been know n to occur in the summer) if personnel or clothing gets w et, and/or w ith w ind chill conditions. Workers
should be aw are of signs of cold stress in themselv es and in other w orkers as described below .

Types of Cold Stress:

 A “chill” caused by ex posure to cold temperatures and often characterized by shiv ers.
 “Trench foot” caused by prolonged contact w ith cold, w et water. Trench foot can occur at any temperature.

 Frostbite caused by ex treme cold temperatures and affecting predominantly the outermost parts of the
ex tremities (fingers and toes) and areas w ith ex posure and poor circulation (nose and ears).

 Hy pothermia caused by prolonged ex posure to intense cold conditions (temperature and/or w ind chill) and
characterized by a low ering of body core temperature. Hypothermia is a life-threatening condition and
medical attention must be sought immediately.

Should signs of cold stress be detected, appropriate first aid measures w ill be taken to protect w orkers as
summarized below .

Treatment: A v ictim of cold stress should be mov ed out of the cold. Perspiration soaked or w et clothing should be
remov ed and apply w arm blankets and/or clothing direct to the skin. Giv e the v ictim cool water to drink. If in doubt
about the v ictim’s recovery, seek medical attention.

3.3 Biological Hazards:

Nesting Birds: Several species of birds feed and roost on-site, and may display aggressive behavior if they perceive
a threat, including attacking personnel. Birds and all w ildlife should be giv en adequate space to allev iate the
perception that an employ ee is a threat. If the animal is tracking the employ ee’s mov ements or making ex cessiv e
gestures, such as bird calls or flapping w ings, av oid the area occupied by the animal. This is particularly true during
the Spring w hen birds are nesting.
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Mosquitoes: Mosquitoes, carriers of the West Nile Virus, Yellow Fev er and other diseases, are indigenous to the
area. N,N-Diethy l-meta-toluamide (DEET) is an effectiv e insect repellent and is recommended. Although
concentrated DEET formulations protect longer than those that are more dilute, little improv ement is offered by
concentrations of the activ e ingredient higher than 50 percent. Adv erse effects, though documented, are infrequent
and are generally associated w ith gross overuse of the product. Users should av oid the temptation to apply the most
concentrated product av ailable. The transient protection offered by more dilute preparations can be ex tended by
reapplication. When using DEET care should be taken to reapply the repellant w hen its effectiv eness w ears off.

Wasps and Bees: Wasps (hornets and y ellow -jackets) and bees (honey bees and bumblebees) are common insects
that may pose a potential hazard to the field team if w ork is performed during spring, summer or fall. Bees normally
build their nests in the soil; how ev er, they use other natural holes such as abandoned rodent nests or tree hollow s.
Wasps make a football-shaped, paper-like nest either below or abov e the ground; y ellow -jackets tend to build their
nests in the ground and hornets tend to build their nests in trees and shrubbery . Bees can only sting once w hile
w asps sting multiple times because their stinger is barbless. Bees are generally more mild-mannered than w asps
and are less likely to sting; w asps sting w hen they feel threatened. By remaining calm and not annoy ing bees or
w asps by swatting, y ou lessen the chance of being stung. Wasps and bees inject a v enomous fluid under the skin
w hen they sting. The v enom causes a painful sw elling that may last for sev eral day s. If the stinger is still present,
carefully remov e it w ith tw eezers or by scraping a credit card or other blunt object against the sting site in the
opposite direction in w hich the stinger is embedded.

Ticks: Ticks transmit bacteria that cause illnesses such as Ly me disease or Rocky Mountain spotted fev er. Ticks
w ait for a host from the tips of grasses and shrubs (not from trees). When brushed by a mov ing host, they quickly let
go of the v egetation and climb onto the host. Ticks can only crawl; they cannot fly or jump. Tick season typically lasts
from April through October w ith the peak season from May through August; how ever, ticks can be active on w inter
day s w hen the ground temperatures are at or abov e 45o Fahrenheit.

The best w ay to protect against tick borne illness is to av oid tick bites. This includes av oiding known tick- infested
areas. How ev er, if y ou visit w ooded areas or areas w ith tall grass and w eeds, follow these precautions to help
prev ent tick bites and decrease the risk of disease:

 Use protectiv e clothing such as long-sleev ed shirts, long trousers, boots or sturdy shoes and a head
cov ering. (Ticks are easier to detect on light-colored clothing.)

 Tuck trouser cuffs in socks. Tape the area w here pants and socks meet so ticks cannot craw l under
clothing.

 Apply insect repellent containing 10 to 30 percent DEET or 5 to 10 percent picaridin primarily to clothes.
Apply sparingly to ex posed skin. Do not spray directly to the face; spray the repellent onto hands and then
apply to face. Av oid sensitiv e areas like the ey es, mouth and nasal membranes. Be sure to w ash treated
skin after coming indoors.

 Use repellents containing permethrin to treat clothes (especially pants, socks and shoes) but not skin.
Alw ay s follow label directions; do not misuse or ov eruse repellents.

 Personnel should carefully inspect themselv es each day for the presence of ticks or any rashes. This is
important since prompt remov al of the tick can prev ent disease transmission. Remove ticks so that the tick
is not crushed and ensure that the head is remov ed.

Poison Ivy: Poison iv y is a common cause of a skin irritation called contact dermatitis that may result in a red, itchy
rash consisting of small bumps, blisters or sw elling. This nativ e perennial grows throughout the Northeast, in w oods,
fields, and sometimes in the garden. It grow s in sun or shade, and in w et or dry places. Its grow th habit depends on
w here it is grow ing, resulting in a trailing ground cov er, free-standing shrub, or a v ine supported by trees, shrubbery
and fences. All parts of the poison iv y plant contain, urushiol, w hich causes the contact dermatitis. Most ex posures
occur during the grow ing season w hen the presence of lush foliage increases the chance of contact, but the dormant
stems and roots of the v ine can cause w inter ex posures as well.
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The best protection against poison iv y is to recognize and av oid the plant. “Leav es of three, let it be” refers to the
groupings of three leaflets connected to a common stem that characterizes the plant. How ev er, if y ou cannot avoid
poison iv y (and poison oak or poison sumac), follow these precautions to help mitigate contact:

 Ensure protectiv e clothing is adequately donned such as long-sleev ed shirts, long trousers, boots or sturdy
shoes w ith socks and glov es;

 Use commercially available pre-contact skin protectant tow elettes or barrier cream;
 If heat stress w ill not be a problem, the use of Ty v ek™ coveralls and nitrile glov es is recommended for

areas w ith heav y poison ivy infestation.

If contact w ith poison iv y has been made or is suspected, follow these guidelines:

 As soon as possible (w ithin 5–10 minutes of contact), w ash all ex posed skin with strong soap (i.e. Daw n)
and w ater to remov e the oil. If this is not possible, rinse thoroughly w ith w ater.

 Use a commercially available post-contact skin cleanser or cleanser towelettes.
 Put on glov es to remov e clothes and shoes, and w ash clothing in hot w ater and detergent to remov e plant

oil that may be on them.
 If a sev ere allergic reaction dev elops, seek medical attention.

4.0 PERSONAL PROTECTIVE EQUIPMENT:

Lev els of protection and specific PPE w ill be appropriate for the hazards and operations occurring on the Site. Each
employ er w ill be responsible for ensuring that all project personnel are prov ided appropriate PPE as needed. When a
significant change occurs, the hazards should be reassessed by the employer. The specific levels of protection and
necessary components for each hav e been div ided into four categories according to the degrees of protection
afforded:

Level A - Should be w orn w hen the highest lev el of respiratory , skin, and ey e protection is needed.

Level B - Should be w orn w hen the highest lev el of respiratory protection is needed, but a lesser lev el of skin
protection. Lev el B is the primary lev el of choice w hen encountering unknown environments.

Level C - Should be w orn w hen the criteria for using air-purify ing respirators are met, and a lesser lev el of skin
protection is needed.

Level D - Should be w orn in any area w here respiratory or skin hazards are essentially non-existent. It prov ides
minimal protection against chemical hazards.

These lev els of protection prov ided by PPE selection shall be upgraded or dow ngraded based upon a change in Site
conditions. The lev el of protection adequate for most activ ities at the Site subject to this HASP w ill be Level D. In lieu
of additional personal protection requirements; the follow ing personal protectiv e clothing shall be donned by Site
w orkers and v isitors conducting Site v isits and non-intrusiv e maintenance activities:

 Steel toe safety boots
 Safety glasses

 Hard Hat
 Long sleev es, long pants, and high v isibility vest or jacket

 United States Coast Guard approv ed flotation dev ices when working adjacent to w ater greater than 2 feet
deep.

 Work glov es w ith appropriate cut and chemical resistance adequate for the tool or material to be handled.
 Hearing protection in areas of perceiv ed loud noise, such as near heav y equipment in operation.
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Additional personal protection requirements are anticipated if ground intrusion activ ities or similar activ ities allow able
under the SMP could ex pose employees to Site COCs. For these situations, the employ er responsible for these
activ ities shall conduct a task-specific PPE assessment (to be included in a task-specific HASP) to ensure
appropriate lev els of PPE are prov ided.

5.0 AIR MONITORING

Air monitoring requirements shall be ev aluated and implemented should ground intrusion activ ities occur at the Site.
For non-inv asiv e activities, not inv olving ground intrusion, air monitoring is not deemed necessary due to the current
placement of Engineering Controls to prev ent ex posure to Site COCs.

For inv asiv e activities involving ground intrusion, a task-specific air monitoring plan (as part of the task-specific
HASP), including actions and action lev els necessary to prov ide protection from ov erexposure to Site COCs, shall be
established based on a rev iew of the data summary provided in the SMP. The monitoring protocol and applicable
action lev els must be defined in the task-specific air monitoring plan correlated to the scope of w ork to be performed
and the concentrations of COCs anticipated during w ork. As applicable, such monitoring w ill be designed for the
immediate w ork zone w here ground intrusion activ ities w ill occur, and a Community Air Monitoring Plan (CAMP) w ill
also be established to protect the public in accordance w ith state regulations. The NYSDOH Generic CAMP is
av ailable in Appendix D of the SMP for reference.

Air monitoring action lev els must also take into consideration the ty pe of respirator fit testing that w ill be performed for
onsite personnel as required by the OSHA Respiratory Protection Standard 29 C.F.R.1910.134.

6.0 DECONTAMINATION

If ground intrusiv e w ork is to be conducted w ith potential contact to Site impacted soil or groundw ater, task-specific
protocols for decontamination (to be included in a task-specific HASP) shall be established for equipment and
personnel as applicable in accordance w ith 29 CFR 1910.120 HAZWOPER regulations. Used or contaminated
decontamination fluids and disposable PPE shall be disposed of in accordance w ith applicable state and federal
regulations.
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7.0 EMERGENCY CONTACT INFORMATION

Company / Entity Role Name Primary Contact
Number

Site Owner Site Owner Representative Steve Trifiletti Office: (718) 404-0652

Cell: (908) 578-8704

Local Fire Department Emergency Response

Note: 911 cellular calls may be
directed to NJ; In case of

emergency, call local
departments.

Hastings-on-Hudson Fire
Department

(914) 478-2344

Local Police Hastings-on-Hudson Police
Department

(914) 478-1322

Poison Control Poison Emergency U.S Poison Control Centers (800) 222-1222

Dig Safely New York Utility Clearance

NOTE: Advanced notice is
required before any digging

activity.

New York City One Call
Center and Long Island

811

(800) 272-4480

St. John's Riverside Hospital
in Yonkers

Hospital
(see Attachment B)

Non-Emergency Number (914) 964-4444
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Attachment A – Job Safety Analysis



JJOOBB SSAAFFEETTYY AANNAALLYYSSIISS
Safety Information for the Field Work Site.

SITE GROUNDS INSPECTION

Scope of Work: Site grounds checks are completed at the Site for the detection of any problems or irregularities on Site.

General Precautions: There is the potential of exposure to various physical hazards such as slips, trips, and falls, and heat/cold stress, natural
hazards such as insects, wildlife, ticks, and severe weather conditions. While working outdoors dehydration is always possible - drink adequate
amounts of water.
Personal Protective Equipment: Safety-toe boots, hard hat, safety vest or high visibility shirt, long sleeves and long pants, cut-resistant gloves and
safety glasses. Coast Guard approved safety vest if accessing berms.

TASK POTENTIAL HAZARDS CONTROLS

1. Task Planning/Tailgate Safety Meeting Miscommunication of work scope and safety
requirements

 Communicate plan and schedule with
project team and client (if needed).

 Conduct Tailgate Safety Meeting to review
scope of work and specific site safety
requirements and potential hazards.

 Log personnel and cell phones.
2. General Grounds Check Adverse Weather Conditions  Obtain a weather report. Do not attempt to

work in low light situations, rain,
thunderstorms or the extreme hot or cold.

 Wear appropriate clothing/protection for
weather conditions.

 Apply sunscreen.
Slip, Trips, Falls  Identify potential hazards such as dense

brush, vines, holes or voids in the soil and
lose or muddy soil conditions etc.

 If going onto berms, wear a Coast Guard
approved safety vest and use buddy system.

Contact with Utilities and other Hazards  Identify potential hazards such as overhead
utilities, below grade to above grade utility
transitions, elevated structures, etc.

Contact Dermatitis  Be aware of and identify potential hazards
such as poison ivy, sumac and poison oak.

 Wear appropriate gloves and skin protection
to limit vegetative contact.

 Wash effected areas upon contact with
vegetation.

Contact with Insects/Wildlife  Maintain awareness of surroundings, for
bird nests, bee nests, and snakes.

 Avoid birds, particularly during the Spring.
 Apply insect repellant.
 Conduct frequent tick checks of your body.
 Wear gaiters to reduce tick contact.
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Dehydration  Drink adequate amounts of water.

 Do not work in extreme heat.
3. General Equipment Inspection Cuts, Abrasions, Burns, Falls  Wear appropriate PPE (Modified Level D).

 Wear appropriate hand protection such as
leather or cut resistant gloves as necessary.

 Keep away from hot exhaust, mufflers and
chains.

 Ensure kill switches are functional.
Equipment Failure  Note any equipment failures/malfunctions

or alarms and troubleshoot as necessary.
Spills, Fires, Explosions  Ensure that gasoline is stored in an

approved safety can with spring loaded cap.

 Store all containers on a level surface.
 Keep hot equipment away from flammable

materials.

 Let engine cool prior to refueling.
 Note any spills or potential hazards, manage

as necessary.
4. Site Maintenance (picking up debris, etc.) Cuts, Exposure to Contaminants, Vacating Site  Wear appropriate PPE, including leather

gloves.

 Observe surroundings for vehicular traffic.
 Use grabber, to pick up items, rather than

your hand to minimize contact with sharp
or contaminated objects and minimize
bending over.

 Be sure that all equipment is turned off/on
and all doors are locked, as necessary.

Required Personal Protective Equipment (PPE):
Modified Level D – Safety-toe boots, hard hat, safety vest or high visibility shirt, long sleeves and long pants, cut-resistant gloves and safety glasses.

Required Training:
- Knowledge and experience of Site and Site equipment.
- Knowledge and use of task specific PPE.

Other Information:
Record, and follow-up with any abnormalities noticed at the Site. Do not access shore area or go onto berms without a Coast Guard approved safety
vest and a buddy.

JSA Author: Anne Proctor
Created: 7/1/13, Rev. 4/30/15

JSA Number: 1
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Attachment B – Map to Hospital



Map and Directions to Nearest Hospital

Site Location: Former Tappan Terminal in Hastings-on-Hudson, NY
Vehicular Access from River Street (Map Location A)

Nearest Hospital Name: St. John's Riverside Hospital – Andrus Pavilion
Hospital Location: 967 North Broadway, Yonkers, NY (Map Location B)
Hospital Telephone: (914) 694-4444

Directions to the Hospital:
1. Go North on River Street toward West Main Street
2. Take the first right onto West Main Street (bridge over rail road)
3. Continue straight to stay on West Main Street
4. Turn right onto Southside Avenue
5. Turn left onto Pinecrest Drive
6. Slight right to stay on Pinecrest Drive
7. Turn right onto Broadway

Total Distance: 2.1 miles
Total Estimated Time: 6 minutes

Map Showing Route from the Site to the Hospital:

(Available from hospital web site.)
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Appendix 1A
New York State Department of Health

Generic Community Air Monitoring Plan

Overview

A Community Air Monitoring Plan (CAMP) requires real-time monitoring for volatile organic
compounds (VOCs) and particulates (i.e., dust) at the downwind perimeter of each designated work area
when certain activities are in progress at contaminated sites. The CAMP is not intended for use in
establishing action levels for worker respiratory protection. Rather, its intent is to provide a measure of
protection for the downwind community (i.e., off-site receptors including residences and businesses and
on-site workers not directly involved with the subject work activities) from potential airborne
contaminant releases as a direct result of investigative and remedial work activities. The action levels
specified herein require increased monitoring, corrective actions to abate emissions, and/or work
shutdown. Additionally, the CAMP helps to confirm that work activities did not spread contamination
off-site through the air.

The generic CAMP presented below will be sufficient to cover many, if not most, sites. Specific
requirements should be reviewed for each situation in consultation with NYSDOH to ensure proper
applicability. In some cases, a separate site-specific CAMP or supplement may be required. Depending
upon the nature of contamination, chemical- specific monitoring with appropriately-sensitive methods
may be required. Depending upon the proximity of potentially exposed individuals, more stringent
monitoring or response levels than those presented below may be required. Special requirements will be
necessary for work within 20 feet of potentially exposed individuals or structures and for indoor work
with co-located residences or facilities. These requirements should be determined in consultation with
NYSDOH.

Reliance on the CAMP should not preclude simple, common-sense measures to keep VOCs, dust,
and odors at a minimum around the work areas.

Community Air Monitoring Plan

Depending upon the nature of known or potential contaminants at each site, real-time air
monitoring for VOCs and/or particulate levels at the perimeter of the exclusion zone or work area will
be necessary. Most sites will involve VOC and particulate monitoring; sites known to be contaminated
with heavy metals alone may only require particulate monitoring. If radiological contamination is a
concern, additional monitoring requirements may be necessary per consultation with appropriate
DEC/NYSDOH staff.

Continuous monitoring will be required for all ground intrusive activities and during the
demolition of contaminated or potentially contaminated structures. Ground intrusive activities
include, but are not limited to, soil/waste excavation and handling, test pitting or trenching, and the
installation of soil borings or monitoring wells.

Periodic monitoring for VOCs will be required during non-intrusive activities such as the
collection of soil and sediment samples or the collection of groundwater samples from existing
monitoring wells. APeriodic@ monitoring during sample collection might reasonably consist of
taking a reading upon arrival at a sample location, monitoring while opening a well cap or



Final DER-10 Page 205 of 226
Technical Guidance for Site Investigation and Remediation May 2010

overturning soil, monitoring during well baling/purging, and taking a reading prior to leaving a
sample location. In some instances, depending upon the proximity of potentially exposed
individuals, continuous monitoring may be required during sampling activities. Examples of such
situations include groundwater sampling at wells on the curb of a busy urban street, in the midst of
a public park, or adjacent to a school or residence.

VOC Monitoring, Response Levels, and Actions

Volatile organic compounds (VOCs) must be monitored at the downwind perimeter of the
immediate work area (i.e., the exclusion zone) on a continuous basis or as otherwise specified. Upwind
concentrations should be measured at the start of each workday and periodically thereafter to establish
background conditions, particularly if wind direction changes. The monitoring work should be
performed using equipment appropriate to measure the types of contaminants known or suspected to be
present. The equipment should be calibrated at least daily for the contaminant(s) of concern or for an
appropriate surrogate. The equipment should be capable of calculating 15-minute running average
concentrations, which will be compared to the levels specified below.

1. If the ambient air concentration of total organic vapors at the downwind perimeter of the work
area or exclusion zone exceeds 5 parts per million (ppm) above background for the 15-minute average,
work activities must be temporarily halted and monitoring continued. If the total organic vapor level
readily decreases (per instantaneous readings) below 5 ppm over background, work activities can
resume with continued monitoring.

2. If total organic vapor levels at the downwind perimeter of the work area or exclusion zone
persist at levels in excess of 5 ppm over background but less than 25 ppm, work activities must be
halted, the source of vapors identified, corrective actions taken to abate emissions, and monitoring
continued. After these steps, work activities can resume provided that the total organic vapor level 200
feet downwind of the exclusion zone or half the distance to the nearest potential receptor or
residential/commercial structure, whichever is less - but in no case less than 20 feet, is below 5 ppm over
background for the 15-minute average.

3. If the organic vapor level is above 25 ppm at the perimeter of the work area, activities must be
shutdown.

4. All 15-minute readings must be recorded and be available for State (DEC and NYSDOH)
personnel to review. Instantaneous readings, if any, used for decision purposes should also be recorded.

Particulate Monitoring, Response Levels, and Actions

Particulate concentrations should be monitored continuously at the upwind and downwind
perimeters of the exclusion zone at temporary particulate monitoring stations. The particulate
monitoring should be performed using real-time monitoring equipment capable of measuring particulate
matter less than 10 micrometers in size (PM-10) and capable of integrating over a period of 15 minutes
(or less) for comparison to the airborne particulate action level. The equipment must be equipped with
an audible alarm to indicate exceedance of the action level. In addition, fugitive dust migration should
be visually assessed during all work activities.
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1. If the downwind PM-10 particulate level is 100 micrograms per cubic meter (mcg/m3) greater
than background (upwind perimeter) for the 15-minute period or if airborne dust is observed leaving the
work area, then dust suppression techniques must be employed. Work may continue with dust
suppression techniques provided that downwind PM-10 particulate levels do not exceed 150 mcg/m3

above the upwind level and provided that no visible dust is migrating from the work area.

2. If, after implementation of dust suppression techniques, downwind PM-10 particulate levels
are greater than 150 mcg/m3 above the upwind level, work must be stopped and a re-evaluation of
activities initiated. Work can resume provided that dust suppression measures and other controls are
successful in reducing the downwind PM-10 particulate concentration to within 150 mcg/m3 of the
upwind level and in preventing visible dust migration.

3. All readings must be recorded and be available for State (DEC and NYSDOH) and County
Health personnel to review.

December 2009
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Site Inspection Form – Open Space
Former Tappan Terminal, AOC1

Former Mobil Tappan Terminal Property
Village of Hastings-on-Hudson, Westchester County, New York

Date/Time of Inspection: ____________________ Weather: _______________________________________

On-site Inspection Checklist Yes No

1. The previous Site Inspection Form (dated:_______________) has been reviewed? ____ ____

2. Actions identified in the previous Site Inspection Form have been completed? ____ ____

3. Vegetation coverage is [ ] complete [ ] increasing appropriate to the time of year? ____ ____

4. Evidence of erosion on land or evidence site has been overtopped by the river? ____ ____

5. Evidence of erosion or turbidity with visual contrast to the Hudson River? ____ ____

6. Evidence of oil, floating substances, visible film/sheen/globules/grease on the Hudson River? ____ ____

7. Evidence of [ ] slumping, [ ] undermining, [ ] freeze/thaw (expansion/contraction) or other
visible changes in [ ] vertical or [ ] horizontal alignment of the erosion protection berm? ____ ____

8. Evidence of [ ] displaced stone or [ ] filter fabric visible on the erosion protection berm? ____ ____

9. Evidence of [ ] sinkholes or [ ] subsidence of the soil cover? ____ ____

10. Fencing and gates are secure and in good repair? ____ ____

11. Evidence of trespassing/vandalism? ____ ____

12. Evidence of dumping or release (discolored soil or localized stressed vegetation)? ____ ____

13. The site remains unimproved and open space only? ____ ____

14. The site is snow covered? ____ ____

15. The last rain fall event was on date:_______________ with _______________ inches of rain.

16. A marked-up map is included with this report highlighting findings of this inspection? ____ ____

17. Photographs are included with this report highlighting findings of this inspection? ____ ____

18. Additional pages with Comments are included with this report? ____ ____

Comments (attach additional pages as necessary)

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________

Signature of Inspector Name of Inspector Date
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1. Introduction and Background Summary 

This design report was prepared by ARCADIS on behalf of Chevron Environmental 
Management Company (CEMC) to present design information for the proposed 
groundwater remediation system (System) to address site-wide groundwater (defined 
as Area of Concern [AOC] 3) at the former Tappan Terminal site located in Hastings-
on-Hudson, Westchester County, New York (Site). This design report is submitted in 
accordance with Administrative Order on Consent Index #A3-0612-1208 to satisfy 
the requirements of the New York State Department of Environmental Conservation 
(NYSDEC) Record of Decision (ROD) dated September 2006. 

The Remedial Design/Remedial Action (RD/RA) Work Plan, which was previously 
submitted in May 2010, presents the results and conclusions of the Phase I and 
Phase II pre-design investigations that were conducted at the Site.  

This design report describes the selected remedial technology, which involves 
enhanced bioremediation of the constituents of concern (COCs) using oxygen 
amendment with subsequent monitored natural attenuation (MNA). 

Upon review and comment of the final submittal, the design will be updated to 
include comments and recommended changes. Once approval of the proposed 
design is provided, the drawing set will be converted into a contract drawing set. The 
contract drawing set will be signed and stamped by the engineer of record and will be 
utilized as reference during construction activities. 

1.1 Site Description and History 

The Site is located on 7.7 acres along the Hudson River waterfront in the village of 
Hastings-on-Hudson, Westchester County, New York (Figure 1). The former Tappan 
Terminal is located adjacent to the Hudson River. The property of the former Uhlich 
Color Company (Uhlich) (which is located along the railroad tracks) defines the 
eastern boundary of the Site. A small portion of the southern end of the property is 
leased to the Pioneer Boat Club for use as a marina. Figure 2 shows the Existing 
Site Plan. Limited access to the property is from Railroad Avenue at the southeast 
corner of the Site and over the Zinsser Bridge that crosses the railroad tracks. Both 
the former Tappan Terminal and Uhlich Site are surrounded by a chain-link fence. 
The Zinsser Bridge has fallen into disrepair and is no longer open to vehicular traffic. 
An access agreement has been arranged with the adjacent Harbor-at-Hastings site 
to allow vehicular access to the site through the adjacent property.  
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The Tappan Terminal Site has a long history of manufacturing and chemical use by 
several owners and occupants. The landmass of the Site itself was also created by 
disposal of man-made fill into the Hudson River between 1868 and 1970. This fill 
material typically consisted of sand and gravel mixed with bricks, concrete, stone, 
timber, ash, slag, shells, and other debris. Between 1897 and 1955 the Site was 
owned by Zinsser & Company and used for the manufacture of dyes, pigments and 
photographic chemicals. In 1955, the Harshaw Chemical Company purchased the 
Zinsser Company and continued operations at the Site. In 1961, Tappan Tanker 
Terminal purchased the property and began operating a petroleum distribution facility 
on the western portion of the Site. Beginning in 1964, Paul Uhlich & Company 
leased, and then purchased, the eastern portion of the Site for the manufacture of 
pigments. This operation later became the Uhlich Color Company. Uhlich was 
recently acquired by Magruder Color Company, and has discontinued operations at 
the Hastings-on-Hudson property. In 1975, Mobil Oil Company (Mobil) purchased the 
western portion of the Site and continued petroleum distribution operations. 

Sampling of various media at the Site was performed between 1985 and 1989. In 
1987, the NYSDEC listed the Site as a Class 2 Site in the Registry of Inactive 
Hazardous Waste Disposal Sites in New York. A Class 2 Site is a site where 
hazardous waste presents a significant threat to the public health or the environment 
and action is required. 

During a 1992 repair of a sewer pipe at the site, evidence of a petroleum release on 
both properties was discovered. Petroleum-impacted soil was stockpiled and later 
sent off Site for disposal. The extent of petroleum impacts was investigated between 
1992 and 1994. In 1994, an oil remediation plan was approved under the NYSDEC's 
Spill Response Program and Mobil and Uhlich entered into a Stipulation Agreement 
to remediate this spill. 

In 1996, Mobil entered into a Voluntary Agreement with the NYSDEC to investigate 
petroleum contamination on the western portion of the Site. Because none of the 
potentially responsible parties agreed to perform a comprehensive investigation of 
the entire Site, the Site was referred for a state-funded investigation in 1998. 
However, after 1998, Mobil conducted focused investigations and technology pilot 
studies on impacts located on their portion of the Site. Uhlich ceased operations at 
the Site in 2002, and most buildings at the Site were demolished in early 2003. 

In addition to the Site operators identified above, several corporate mergers and 
acquisitions have occurred. The Harshaw Chemical Company was purchased by 
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Kewanee Industries in 1966, which was acquired by the Gulf Oil Corporation in 1977. 
Gulf Oil Corporation merged with the Chevron Chemical Corporation in 1985. Mobil 
Oil Corporation merged with Exxon Corporation to form Exxon/Mobil in 1999. 

The Site is adjacent to the Harbor-at-Hastings Site, a Class 2 inactive hazardous 
waste disposal site that is contaminated with polychlorinated biphenyls, metals and 
polycyclic aromatic hydrocarbons. 

1.2 Identified Remedial Areas and COCs in Site-Wide Groundwater (AOC 3) 

The principal source of chlorobenzene appears to have been a former processing 
area northwest of building 57. The site conceptual model is that pigment mixtures 
containing chlorobenzene released near this area migrated both with groundwater 
flow toward the southwest and laterally to the north through the subsurface, along a 
former sanitary sewer line oriented perpendicular to groundwater flow. Dissolved-
phase chlorobenzene in groundwater has been observed to be concentrated at 
several hot spot locations along the former sanitary sewer line in the immediate 
vicinity of the former chlorobenzene area, which is located northwest of the source 
area toward the Hudson River (Figure 3). 

1.3 Purpose and Remedial Objectives 

The remedial objectives for groundwater as defined in the ROD are to: 

• Prevent ingestion of groundwater with volatile organic compound (VOC) 
concentrations exceeding drinking water standards. 

• Prevent inhalation of VOCs from contaminated groundwater. 

• Treat the source of groundwater contamination. 

• Prevent the discharge of contaminants to the Hudson River. 

• To the extent practicable, attain the Ambient Water Quality Standard and 
Guidance Values for chlorobenzene and benzene (5 and 1 microgram per liter 
[µg/L], respectively) for COCs in groundwater that are protective of human health 
and groundwater quality. 
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1.4 Project Roles and Responsibilities 

Mark Stella will serve as CEMC’s Project Manager (PM) and will direct the technical 
and administrative aspects of the project. Mr. Stella will be the primary CEMC contact 
in connection with completing all work associated with the AOC 3 RD/RA Work Plan. 

The proposed ARCADIS personnel and their responsibilities include the following: 

• William T. McCune will serve as PM and will manage the technical and 
administrative aspects of the project. Mr. McCune will confirm that the proper 
resources are made available to complete all work associated with the AOC 3 
RD/RA Work Plan.  

• Timothy E. Miller, P.E., will serve as the Professional Engineer and will provide 
direction, final review and internal approval of ARCADIS documents, detailed 
drawings and other work products developed throughout the project. Mr. Miller is 
a licensed Professional Engineer in New York State. Mr. Miller signed and sealed 
the AOC 3 RD/RA Work Plan and will sign and seal the drawing set that will be 
issued for construction and the Final Engineering Report detailing the 
implementation of the AOC 3 RD/RA Work Plan. 

• The Field Manager will coordinate the implementation of the AOC 3 RD/RA Work 
Plan and will also communicate proposed actions and schedules for 
implementation of RAs at the Site to the NYSDEC. The field manager will be 
selected at the time of implementation.  

• Mr. Greg Mason will serve as the Project Health and Safety Manager and will be 
responsible for the technical review and approval of the Health and Safety Plan 
(HASP), as well as ongoing review of project health and safety procedures 
implemented at the Site. 

The following subcontractors will be retained during implementation of the AOC 3 
RD/RA Work Plan: 

• TestAmerica Laboratories, Inc., a laboratory certified by the New York State 
Department of Health (NYSDOH), will be retained by CEMC to provide off-site 
analytical services for water and soil samples collected during implementation of 
the AOC 3 RD/RA Work Plan. 



 G:\DIV11\DOC12\B0046918_0031211100_Final Design Report.doc 5 

Final Design Report, 

Groundwater 

Remediation System 

Former Tappan Terminal Site 
(NYSDEC Site # 360015) 
Hastings-on-Hudson, NY 

 

• An appropriately licensed waste disposal contractor (to be determined) will be 
retained by CEMC to provide off-site transportation and treatment/disposal 
services for wastes generated during implementation of the AOC 3 RD/RA Work 
Plan. 

• A qualified environmental construction contractor (to be determined) will be 
retained by CEMC to conduct the remedial construction activities during 
implementation of the remedial action phase of the AOC 3 RD/RA Work Plan. 

1.4 Report Organization 

The remaining sections of this design report are summarized below: 

 Section 2 – Groundwater Remediation System Objective. Presents the System 
design objective. 

 Section 3 – Modified Design Approach. Discussion of the refinement of the 
System design approach based on internal coordination with ARCADIS technical 
leaders and experts. 

 Section 4 – Design Flow Rates. Presents the rationale for System design flow 
rates for water and oxygen. 

 Section 5 – Anticipated Influent and Effluent Characteristics. Presents the 
anticipated influent and effluent groundwater characteristics. 

 Section 6 – Groundwater Remediation System Overview. Presents a System 
overview including general System components and control rationale. 

 Section 7 – Utility Requirements. Discussion of the utility requirements for 
operation of the System. 

 Section 8 – System Shutdown Criteria. Discusses the process for transitioning 
from active remediation to MNA and what the transitional evaluation will consist 
of. 

 Section 9 – Cost Effective Green Remediation. Discussion of the cost 
effective/green remediation aspects of the design. 
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 Section 10 – Waste Management. Presents the anticipated waste that will be 
generated during construction and operation of the System and the methods for 
disposal. 

 Section 11 – Soil and Water Management. Discusses the management plan for 
soil and infiltration waters during System construction activities. 

 Section 12 – Health and Safety. References the System construction and 
System operation health and safety aspects that will be implemented into the 
Site Health and Safety Plan. 

 Section 13 – Contingency Plan. Discusses future efforts that will be implemented 
if the selected remedy is deemed ineffective. 

 Section 14 – Operation, Maintenance, and Monitoring. Discusses the activities 
that will be specified for operation of the System. 

 Section 15 – Permits, Approvals, and Notifications. Presents the permits, 
approvals, and notifications currently in progress or needed for 
construction/operation of the System. 

 Section 16 – Preliminary Implementation Schedule. References the preliminary 
implementation schedule for System installation completion. 

 Section 17 – Preliminary Construction and Operations Cost Estimate. 
References the preliminary System construction and operations costs.  
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2. Groundwater Remediation System Objective 

The objective of the System is to accelerate the cleanup of Site groundwater by 
enhancing the natural biodegradation of chlorobenzene by stimulating the indigenous 
biological population through increased levels of DO in groundwater in conjunction 
with MNA, to meet the groundwater remedial cleanup goals for the Site. 

The objective of the System is not to capture and treat (ex situ) groundwater 
contaminated with chlorobenzene, but rather to treat chlorobenzene contaminated 
groundwater in the subsurface with in situ, oxygen injection technology. The System 
extraction wells will be monitored for informational purposes to check for diminished 
chlorobenzene concentrations and System influent characteristics, but their primary 
function will be to provide water to the System for oxygen injection. 
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3. Modified Design Approach 

As presented in the RD/RA Work Plan, the Phase II pilot study was conducted to 
evaluate alternative methods for enhancing the natural biodegradation of 
chlorobenzene by stimulating the indigenous biological population through increased 
levels of dissolved oxygen (DO) in groundwater. The methods used during the pilot 
study included oxygen infusion and hydrogen peroxide amendment. Analytical 
results of the groundwater samples collected during operation of the pilot study 
System indicated diminished chlorobenzene concentrations, demonstrating that 
increased levels of DO was effective at stimulating the indigenous biological 
population.  

To provide the best technology for delivering oxygen to the source areas, the results 
of the pilot study were discussed with ARCADIS internal technical leaders and 
experts. Based on the success of the pilot study to enhance the natural 
bioremediation of the chlorobenzene through oxygen amendment, it was 
recommended that a proven, more effective oxygen delivery technology be 
implemented. Oxygen generation in conjunction with a venturi injector was 
recommended as the appropriate remedial approach as opposed to oxygen infusion 
and hydrogen peroxide amendment. Oxygen generation/venturi injection has been 
proven to provide higher concentrations of DO to source areas than oxygen infusion 
and hydrogen peroxide amendment. Higher DO concentration delivery could 
potentially decrease the time required to operate the System, resulting in reduced 
operational costs. The remainder of this design report will discuss the oxygen 
generation/venturi injector system in further detail.  
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4. Design Flow Rates 

The design flow rates of the System have been based on previous investigations 
performed at the Site, including the tracer study and the volumes recorded during 
operation of the pilot study. The design flow rates for groundwater (extraction, 
infiltration and injection) and oxygen are discussed below. 

4.1 System Design Flow Rationale 

Solely as a basis for designing adequate pumping rates for the System, a mass 
balance was performed that approximated the mass of oxygen that would be needed 
to remediate the mass of chlorobenzene that has been estimated to exist in the 
subsurface of the Site (Figure 3). The volumes discussed do not precisely predict the 
volume of oxygenated water that will need to be injected to fully remediate the Site, 
but rather provide a target volume to adequately design the flow rates of the System.  

Injected volumes recorded during the pilot study were considered for determining 
System flow rates as well as previous ARCADIS project experience related to infiltration 
trenches and injection wells installed at other project Sites with similar soil types.  

It is estimated that 2,800 pounds of chlorobenzene exist in the subsurface of the Site. 
The mass of chlorobenzene was estimated using the concentration of chlorobenzene 
in groundwater, the concentration of total organic carbon in soil, results of the 
hydrogeologic characterization completed in the pre-design investigation (PDI), and 
the physical properties of chlorobenzene (USEPA fact sheet 794-F-007a, 1995). 

Based on previous ARCADIS project experience related to these types of Systems, it 
can be assumed that approximately 5-pounds of oxygen is needed to remediate 1-
pound of chlorobenzene. The 5:1 ratio is a conservative estimate based the physical 
properties of chlorobenzene and professional experience. Using the 5:1 ratio and the 
estimated mass of chlorobenzene on Site, 14,000 pounds of oxygen would be needed.  

 2,800 lbs chlorobenzene x (5 lbs O2/1lb CB) = 14,000 lbs O2 

If a targeted groundwater DO concentration of 30 milligrams per liter (mg/L) is 
provided, approximately 56,000,000 gallons of oxygenated groundwater would need 
to be injected to the source area. 

 30 mg/L = 0.00025 lbs/Gal 
 14,000 lbs O2 x (1 Gal/0.00025 lbs) = ~56,000,000 Gal 
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The estimate above is based on an assumption that all of the oxygen delivered would 
be used to biodegrade the chlorobenzene in the source areas. The assumption does 
not account for the portion of the oxygen delivered that will be lost due to nitrogenous 
oxygen demand (NOD) and other natural oxygen sinks, prior to being delivered to the 
source areas. To account for these losses, it has been assumed that 3 times the 
volume of oxygenated water calculated above (168,000,000 gallons) will be needed 
to remediate the residual mass of chlorobenzene. The remedial objective of the 
active groundwater remedial System is to reduce the concentration of residual 
chlorobenzene sufficiently to allow MNA to be relied upon to meet the overall 
remedial objectives. 

4.1.1 Basis for Infiltration Trenches 

The delivery of this large volume of water will be facilitated by incorporation of long 
horizontal infiltration trenches, which will have the capability to accept larger volumes 
of oxygenated water when compared to that of the shallow vertical pilot study 
injection well. As mentioned, previous investigations at the Site have located 5 main 
source areas. An infiltration trench will be placed just upgradient of each one of these 
source areas. The size of each trench was determined based on the relative size of 
the hot spot source area. 

4.1.2 Basis for Injection Wells 

Injection wells will be utilized in conjunction with the infiltration trenches for the 
source areas down gradient of Trenches 1 and 2 (refer to Groundwater Remediation 
System, Drawing 1). It has been determined, based on previous Site investigation 
data, that some contamination exists at deeper levels below grade at the source 
areas down gradient of Trenches 1 and 2 than would be influenced by the infiltration 
trenches alone. Therefore, a pair of injection wells (two injection wells per trench) will 
be installed in the vicinity of Trenches 1 and 2 to further deliver oxygenated 
groundwater to the deeper contamination areas. 

4.2 Remediation System Design Flow 

Based on previous project experience, the results of the pilot study, the rationale 
discussed above, and an understanding of the subsurface at the Site, the design 
injection rate for each injection well has been calculated to be 5 gallons per minute 
(gpm) and the design injection rate for each of the infiltration trenches has been 
calculated to be 10 gpm. 
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Based on the design injection rates identified above, the System will be sized to 
pump approximately 70 gpm of oxygenated groundwater into the source areas via 4 
injection wells and 5 injection trenches. For design purposes, the System will be 
sized (100 gpm) to adequately provide the design injection volume. 

4.3 Oxygen Supply System Design Flow 

Based on previous ARCADIS experience with testing similar oxygen 
generation/venturi injector pilot systems, an accepted and proven ratio between the 
groundwater flow and the oxygen required to be provided was established as 1 
standard cubic foot per hour (SCFH) of oxygen per 1 gpm of groundwater. The 1:1 
ratio is an approximation of the breakpoint where the gas/liquid transfer efficiency 
begins to level off at approximately 30 to 35 mg/L DO concentration. On a mass 
balance basis, the 1:1 ratio is approximately 20% gas transfer efficiency. 

Therefore the oxygen supply system selected for the System (100 gpm design flow 
rate) is capable of supplying up to 100 SCFH of oxygen to the venturi injector. 
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5. Anticipated Groundwater Influent and Effluent Characteristics 

Initial influent chlorobenzene concentrations from the two extraction wells are 
anticipated to match the concentrations previously observed from the pilot study 
extraction well (MW-S1), which previous analysis shows to be between 780 to 3,300 
µg/L. The site wide groundwater monitoring program will be utilized to examine the 
effectiveness of the active remediation System. The Groundwater Monitoring Plan for 
the Site has been included as Appendix A.  

Groundwater influent parameters of concern for System operation are ferrous 
iron/total dissolved solids (TDS) and total suspended solids (TSS), which can 
contribute to fouling in the System components, including the injection wells and 
infiltration trenches. Influent concentration of TDS is anticipated to be 1,000 to 1,500 
parts per million. TSS influent concentration is anticipated to be relatively low based 
on the utilization of appropriately sized sand for the filter pack and slot size for the 
extraction well screened interval and thorough well development following extraction 
well installation. TSS will be monitored in the extraction well periodically and 
continued well development will be performed as needed. 

Effluent DO concentrations are expected to be between 30 to 35 mg/L. The DO 
concentration of the effluent will be monitored throughout the operation of the System 
and adjustments will be made as needed to maintain the targeted DO concentration. 
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6. Groundwater Remediation System Overview 

Provided below is the System process description inclusive of specific components. 
The Final Design Submittal, Groundwater Remediation System drawing set has been 
included as Appendix B. 

6.1 System Overview 

The general components of the System include: extraction wells, equipment 
enclosure and solids settling tank, infiltration trenches, and injection wells. Provided 
below is a more detailed description of each general component of the System 
inclusive of a discussion of individual equipment. 

6.1.1 Extraction Wells 

Two 6-inch diameter groundwater extraction wells (EW-1 and EW-2) will be installed 
to supply groundwater to the System. Each extraction well will be installed to a depth 
of 20-feet, constructed of 6-inch diameter steel well casing with a stainless steel 
screened interval from 15 to 20-feet below grade. Each extraction well head will be 
enclosed in an open bottom 3-feet by 2-feet concrete manhole with torsion assisted 
H-20 rated lockable cover door. The manholes are included in the design to provide 
access to instrumentation and electrical conduit, for security purposes to prevent 
damage due to vandalism or inadvertent collision, and for operation/maintenance 
purposes. 

Each extraction well will be equipped with a 4-inch submersible well pump (P-100 
and P-110). The well pump discharge piping will be constructed of 2-inch diameter 
Standard Dimension Ration (SDR) 17 high density polyethylene (HDPE) pipe that will 
exit the well casing below grade via a pitless adaptor. Incorporation of the pitless 
adaptor will allow for easy pump removal for maintenance purposes. 

6.1.2 Equipment Enclosure and Solids Settling Tank 

Site groundwater from the extraction wells will be conveyed below grade through 2-
inch SDR 17 HDPE forcemain piping to the equipment enclosure where oxygen will 
be injected into the groundwater. The forcemain piping transition from below grade to 
the equipment enclosure will be insulated and heat traced to prevent freezing during 
cold months of operation. Once inside the equipment enclosure, piping will transition 
to 2-inch schedule 80 polyvinylchloride (PVC) and the groundwater from each 
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extraction well will be directed through a respective flow meter that will measure the 
instantaneous and totalized flow rate from each extraction well. The lines from each 
extraction well will combine into a 3-inch schedule 80 PVC pipe header from where it 
will be directed to a 1,450 gallon equalization tank (T-200). 

Groundwater from T-200 will be pumped via transfer pump P-200 through the venturi 
injector, which amends oxygen into the groundwater flow, and then through a flash 
reactor to promote adequate mixing. The groundwater flow rate and pressure drop 
across the venturi injector are the critical components which determine the amount of 
oxygen that will be drawn into the System flow. The greater the pressure drop across 
the venturi injector, the greater the flow of oxygen that will be forced in to solution in 
the System discharge. The pressure drop across the venture injector is anticipated to 
be 20 pounds per square inch (psi). 

Oxygen will be supplied to the venturi injector by the oxygen supply system which 
consists of a compressed air supply package system (rotary screw air compressor, 
air tank, and refrigerated air dryer), an oxygen generator, and an oxygen receiving 
tank. Solenoid valve SV-900 will be installed in the oxygen supply line to the venturi 
injector. The solenoid valve will automatically open and close based on System 
conditions, specifically the operation of transfer pump P-200. The oxygen supply line 
to the venturi injector will be constructed of ¼-inch steel tubing and will include a 
backup check valve and a flow meter for monitoring oxygen flow to the venturi 
injector. The oxygen supply system will be capable of supplying oxygen to the venturi 
injector at a rate of up to 100 SCFH. 

Oxygenated groundwater from the venturi/flash reactor will then be conveyed to the 
exterior of the enclosure via heat traced/insulated 3-inch schedule 80 PVC to a heat 
traced/insulated 5,500 gallon solids settling tank (T-400) for the removal of any large 
suspended particles that may have precipitated out of solution as a result of 
groundwater oxygenation. 

It is beneficial to the longevity of the System that the bulk of the precipitated solids be 
removed prior to discharge to the infiltration trenches and injection wells to avoid 
premature fouling and diminished capacity. One primary System influent concern is 
slightly elevated TDS, specifically dissolved ferrous iron concentration and the 
precipitation of iron out of solution (conversion to ferric iron) due to oxygen injection. 
Precipitated iron can lead to premature fouling of downstream components, including 
the infiltration trenches and injection wells as well as the discharge piping to each 
location. The solids settling tank will be installed downstream of the oxygen injection 
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system to assist with the removal of precipitated iron and other suspended solids to 
reduce precipitated solids accumulation in the downstream discharge piping, 
infiltration trenches, and injection wells.  

To further prevent premature fouling of the injection wells/trenches and discharge 
piping, preventative maintenance activities will be incorporated into the operation, 
maintenance, and monitoring program including: periodic solids removal from the 
solids settling tank, periodic flushing of discharge piping by use of above grade 
clean-outs, periodic trench cleaning by use of above grade clean-outs, and well 
cleaning. Hydrogen peroxide will be used in the discharge piping, infiltration 
trenches, and injection wells as an anti-biofouling measure. The use of select 
concentration hydrogen peroxide as an anti-biofouling agent for the discharge 
components of the System is opportunistic because it offers an accepted and proven 
practice for anti-biofouling, and the use of hydrogen peroxide during the pilot study 
proved to diminish the concentration of chlorobenzene in groundwater. 

Clarified water will gravity drain from a decant port near the top of the solids settling 
tank via heat traced/insulated 6-inch schedule 80 PVC back inside the equipment 
enclosure in to the top of a 1,450 gallon decant tank (T-300). From the decant tank, 
water will be conveyed through 3-inch schedule 80 PVC via injection pump P-300 to 
the discharge manifold. Prior to entering the discharge manifold, oxygenated water 
passes through a flow meter to measure the instantaneous and totalized flow 
injection rate. The 3-inch discharge manifold header is reduced down for each 
discharge location to 1-1/2-inch schedule 80 PVC. Flow to each of the five discharge 
locations (infiltration trenches and injection wells) is routed through a respective 
inline flow totalizer to record the volume of oxygenated water sent to each discharge 
location. Each discharge piping transition from within the equipment enclosure to 
below grade will be insulated and heat traced to prevent freezing during cold months 
of operation. 

The equipment enclosure is a 40 feet by 8 feet modified shipping container equipped 
with barn style doors on the northern end and a man door on the western side. The 
equipment enclosure is also equipped with two electric unit heaters, interior and 
exterior lighting, exhaust fan and louver, electrical receptacles, and a leak detection 
sump. The equipment pad and solids settling tank will be placed on a 55-feet by 10-
1/2-feet concrete pad. 
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6.1.3 Infiltration Trenches and Injection Wells 

From the System enclosure, oxygenated groundwater is pumped to five infiltration 
trenches and four injection wells, which are further described below.  

6.1.3.1 Infiltration Trenches 

Five infiltration trenches (Trench 1, 2, 3, 4, and 5) will be constructed on site, just 
upgradient from each of the high concentration chlorobenzene source areas. 
Infiltration Trenches 1, 2, and 3 will be approximately 75-feet in length and a 
minimum of 3-feet wide and Trenches 4 and 5 will be approximately 50-feet in length 
and a minimum of 3-feet wide. The length of each infiltration trench is based on the 
approximate overall length of the applicable chlorobenzene plume.  

Each infiltration trench will be inclusive of a 24-inch diameter prefabricated HDPE or 
pre-case concrete manhole, where the 1-1/2-inch HDPE discharge piping will be 
routed to and then down to the 4-inch diameter perforated ridged HDPE pipe at the 
bottom of the trench. The manhole will also house the 2-inch diameter trench access 
well, which will be used for sample collection as required and also to monitor for 
trench fouling based on increased water level in the well. Each trench will be installed 
with clean-outs on either end to help with trench pipe cleaning/maintenance as 
required. Each clean-out access point will be installed in a 6-inch by 3-feet square 
lockable well cover with cement base. 

6.1.3.2 Injection Wells 

Four injection wells (IW-1, IW-2, IW-3, and IW-4) will be constructed on site and 
installed in the vicinity of Trenches 1 and 2. It is anticipated that two injection wells 
(IW-1 and IW-2) will be installed immediately upgradient of Trench 1 and two 
injection wells (IW-3 and IW-4) will be installed immediately upgradient of Trench 2.  

Each injection well will be installed to a depth of 20-feet, constructed of 4-inch PVC 
well casing with a PVC screened interval from 15 to 20-feet below grade. Each 
injection well head will be enclosed in an open bottom 3-feet by 4-1/2-feet concrete 
manhole with torsion assisted H-20 rated lockable cover door. The 1-1/2-inch HDPE 
discharge pipe will penetrate the wall of the concrete manhole from where it will 
transition to schedule 80 PVC and be directed down the injection well through a well 
seal. The manholes are included in the design to provide access to instrumentation 
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conduit, for security purposes to prevent damage due to vandalism or inadvertent 
collision, and for operation/maintenance purposes. 

6.2 System Control Overview 

Provided below is a description of the System controls for each major component of 
the System. All control panels for the System will be located within the equipment 
enclosure. The System will be equipped with an auto dialer that will be activated 
during alarm conditions to call the project operation team. 

6.2.1 Extraction Wells 

Each extraction well will be equipped with a level transducer, which will monitor the 
groundwater level within the well to protect the submersible well pumps from running 
dry. When the level in the well drops to the low-low level set point, approximately 
near the middle portion of the submersible well pump, the extraction well pump will 
shut down. 

During previous investigations at the site, including the pilot study, it was observed 
that the wells on site recharge relatively quickly and should provide a steady supply 
of groundwater for the System. The level instrument will primarily be included in the 
well as a precautionary measure in the event water flow into the well is inhibited by 
screen fouling or other factors that cause diminished groundwater infiltration into the 
well.  

Each of the extraction well influent lines will be equipped with a flowmeter to monitor 
influent flow from each extraction well. In the event there is a leak in the influent 
piping or any other malfunction that would cause a low flow situation, a low flow 
alarm will disable the operation of the respective extraction well pump. 

6.2.2 Equipment Enclosure and Solids Settling Tank 

Equalization tank T-200 is equipped with a level controller with high-high and low-low 
level alarm set points. The level controller will be programmed to work in tandem with 
the pump P-200 variable frequency drive (VFD) to maintain a specified level set point 
in T-200. Equalization tank T-200 will also be equipped with a low-low and a high-
high level float switch. The operation of the extraction well pumps will be disabled by 
activation of the high-high level set point of the level controller or by the high-high 
level float switch. 
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The low-low level float switch at equalization tank T-200 protects transfer pump P-
200 from running dry. Transfer pump P-200 will also be equipped with an auxiliary 
contact failure alarm to disable the operation of the extraction well pumps when the 
transfer pump is called to operate and does not respond. A pressure switch will be 
installed in the discharge piping of P-200 to prevent over-pressurization of the 
System in the event of downstream blockage or inadvertent valve closing. The P-200 
discharge piping is also equipped with a flowmeter to measure flow from P-200. In 
the event there is a leak in the P-200 discharge piping or any other malfunction that 
would cause a low flow situation, a low flow alarm will disable the System. 

The operation of the solenoid valve in the oxygen supply line (SV-900) to the venturi 
injector will be programmed to open and close based on applicable alarm conditions, 
specifically the operation of transfer pump P-200. When the solenoid valve closes, 
due to no System flow from P-200, the operation of the oxygen generator and air 
compressor will automatically stop by means of integrated pressure switches 
associated with the air compressor tank and oxygen receiving tank as designed by 
the manufacturer. Oxygen receiving tank T-900 will be equipped with a low pressure 
switch to monitor the pressure within T-900 and the oxygen pressure being supplied 
to the venture injector. If the low pressure set point is activated the extraction well 
pumps and transfer pump will shut down and valve SV-900 will close. The pumps will 
not operate and the valve will not open until sufficient pressure is accumulated in the 
oxygen receiving tank to provide the oxygen required to achieve the DO 
concentration needed in the discharge to the injection locations. 

A high-high level float switch will be installed in solids settling tank T-400 to shut 
down the entire System when activated. The float is being included as a precaution if 
the flow out of the solids settling tank is restricted in any manner that would cause a 
high level tank condition. Additionally, a motorized ball valve will be installed in the 
equipment enclosure at the T-400 influent piping to prevent back flow of water from 
T-400 into the equipment enclosure. The motorized valve will be inclusive of a 
discord alarm to shut down System pumps and to notify System operators. The 
motorized valve will be programmed to open prior to activation of P-200 and will 
close shortly after the operation of P-200 is stopped. Additionally, the motorized 
valve will be equipped with battery backup to force the valve to the closed position in 
the event of power failure. 

The operation of injection pump P-300 will be controlled by a level controller installed 
at decant tank T-300. The speed of P-300 will be controlled by a VFD to maintain a 
level set point in decant tank T-300. Decant tank T-300 will also be equipped with 
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high-high and low-low level float switches. Activation of the high-high level float 
switch will disable the extraction well pumps and transfer pump P-200 and close 
valve SV-900. Activation of the low-low level float switch will disable injection pump 
P-300 to protect the pump from running dry. A pressure switch will be installed in the 
discharge piping of P-300 to prevent over-pressurization of the System in the event 
of downstream blockage or inadvertent valve closing. The P-300 discharge piping is 
also equipped with a flowmeter to measure total System discharge flow to the 
infiltration trenches and injection wells. In the event there is a leak in the P-300 
discharge piping or any other malfunction that would cause a low flow situation, a low 
flow alarm will disable the System. 

The equipment enclosure will be equipped with a temperature transmitter and a leak 
detection switch. The temperature transmitter will monitor the temperature within the 
enclosure and will be programmed to alarm based on a low temperature set point. 
The leak detection switch will be installed in the leak detection sump of the enclosure 
and will shut down the entire System if activated. 

6.2.3 Infiltration Trenches and Injection Wells 

Each infiltration trench and injection well will be equipped with a level transmitter to 
shutdown the entire System in the event of a high-high level condition in each of the 
injection wells and/or infiltration trenches.  
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7. Utility Requirements 

Utility service requirements are noted below. Steam, water, and natural gas are not 
required.  

7.1 Electrical Requirements 

The System requires a three-phase, 480 VAC power supply. Power will be routed to 
the System transformer (provided by utility company) from a Site utility pole which 
currently supplies power to the Pioneer Boat Club on the southern end of the 
property. It is anticipated that two new utility poles will be installed to route the 
needed power to the System transformer location, which will be located near the 
equipment enclosure. Transformer and transformer concrete pad installation 
specifications will be provided by the utility company. The following equipment will 
require electrical supply: 

 Two (2) Extraction Well Pumps (P-100 and P-110) – 1.5 horse power (HP), 460 
VAC, 3-phase 

 Transfer Pump (P-200) – 2 HP, 460 VAC, 3-phase 
 Injection Pump (P-300) – 2 HP, 460 VAC, 3-phase 
 Compressed Air Package System – 7.5 HP, 460 VAC, 3-phase 
 Oxygen Generator – 110/120 VAC, 1-phase 
 Enclosure heating, ventilation, and lighting 
 Instrumentation and control 
 Heat tracing 

The electrical design drawings (E01 through E05) have been included with the 
design drawing set. 

7.2 Phone Access 

A cellular modem will be installed in the main PLC panel and an antenna will be 
installed on the equipment enclosure for communicating System alarms and 
transmitting System data. 
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8. System Shutdown Criteria 

Shutdown of the System will follow the NYSDEC Division of Environmental 
Remediation Technical Guidance for Site Investigation and Remediation (DER-10) 
and will be evaluated based on groundwater monitoring results (further in this section 
identify which groundwater monitoring locations will be used for determining system 
shutdown) collected during operation of the System. Shutdown of the System will be 
considered when it is determined that the Remedial Action Objectives (RAO) have 
been met, or that continued operation of the System is no longer effective and that a 
bulk reduction in contamination has been achieved by the System. 

The objective of the System is to reduce the concentrations of dissolved 
chlorobenzene in the source areas through treatment to a level where natural 
attenuation processes alone would be an effective remedy. Data collected during the 
PDI indicated that chlorobenzene was fully degraded (mineralized) to CO2 in 
downgradient monitoring wells OW-27A, ABMW-03, and MW-1A where 
concentrations of dissolved chlorobenzene in October 2009 ranged from 370 µg/L 
(ABMW-03) to 690 µg/L (OW-27A). Based on the observation that natural attenuation 
has been shown to be effectively reducing concentrations of chlorobenzene at the 
downgradient plume boundary, it is assumed that once concentrations of 
chlorobenzene in the source area are reduced below 1,000 parts per billion, natural 
attenuation alone would be an effective remedy. 

It is anticipated that, prior to approaching asymptotic conditions, operation of the 
System will result in the reduction of the dissolved constituent concentrations such 
that natural attenuation alone would be an effective remedy. If concentrations of 
dissolved chlorobenzene in the monitoring points within the source areas (OW-12W, 
MW-T2, and MW-12) are observed to level off (approaching asymptotic conditions) 
subsequent to sustained operation of the System and optimization of the System to 
the extent possible, and concentrations in groundwater have been reduced to a level 
where natural attenuation processes can be relied upon to address residual 
constituents, shutdown of the System will be considered. 

Continued operation of the System for a period of time prior to any proposed 
shutdown must confirm that asymptotic groundwater conditions have been achieved. 
Permanent shutdown of the System will begin with an initial System shutdown to 
monitor for chlorobenzene rebound in Site groundwater. After the initial shutdown, 
groundwater samples will be collect from the monitoring points within the source 
areas on a monthly basis to evaluate potential rebound of concentrations of 
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dissolved chlorobenzene for 6 months, with some flexibility to continue to monitor for 
a longer period of time to demonstrate a clear concentration trend to asymptotic 
conditions. The trending asymptotic concentration will then be compared to pre-shut 
down conditions and RAOs to make a determination if the System should continue to 
operate or if natural attenuation processes can be relied upon to address residual 
constituents.  

The groundwater monitoring data will be graphically presented to illustrate the 
effectiveness of System operation. A minimum of eight approved groundwater data 
sets are typically necessary to statistically demonstrate within 95% confidence limits 
that asymptotic conditions have been reached. Alternative non-parametric statistical 
tests may be proposed. 

If the post-shutdown groundwater data and concentrations are not observed to 
rebound substantially above the pre-shutdown concentrations, then the System can 
be considered to no longer be effecting contaminant concentration, and it may be 
appropriate for the NYSDEC to consider shutdown of the System. A decrease in 
contaminant levels in adjacent groundwater monitoring wells during shutdown may 
also be considered by the NYSDEC in justifying remedial System shutdown.  

If the post system shutdown monitoring results indicate that a substantial rebound 
has occurred, the system will be turned back on and operated in a pulsed or other 
approved alternative cycle and the process will be monitored as previously 
discussed. Unlike a typical pulsed cycle, the system will operate continuously during 
the first pulse for up to three months or until groundwater conditions approach pre-
shutdown conditions, then the system will be shutdown and groundwater conditions 
will be monitored for three months. The system will be operated in a pulse cycle for 
up to three cycles before a contingency plan is evaluated. The pulse cycle of three 
months was selected to allow time for the microbial communities to respond to the 
increase in oxygen by increasing the degradation of chlorobenzene.  

The system treating groundwater will not be permanently shut down until the 
concentrations have been reduced and groundwater standards have been met at the 
site boundaries such that MNA will be initiated. The goal of the system is for 
contamination levels beyond the site boundaries will no longer be at levels which 
threaten public health and the environment. If the System has been operating for its 
anticipated duration and the RAOs have not been met following System optimization 
to improve System success, an evaluation of remedial alternatives will be performed 
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to meet RAOs, which will include the use of alternate injection locations, continued 
monitoring, or other appropriate alternatives. 

Following active groundwater remediation, an MNA program will be initiated. The 
focus of this program will be to monitor the natural attenuation of remaining 
chlorobenzene concentrations in Site groundwater. This post-remedial monitoring will 
continue until the NYSDEC is adequately satisfied that the chlorobenzene plume is 
stable or shrinking and that no further actions are required. Groundwater monitoring 
methods will be used to determine the effect of natural attenuation. The factors that 
will be evaluated to determine if MNA will achieve the remedial goals for the site in a 
manner that is fully protective of all identified receptors and that monitoring can be 
terminated, is further detailed in the Groundwater Monitoring Plan, AOC 3, Site-Wide 
Groundwater Remediation, which is provided as Appendix A. 

It is anticipated that the System will remain intact, but inactive during the initial 
implementation of the MNA program in case further System operation is required. 
When it is determined that the System is no longer required, the System will be 
dismantled and removed from the Site. A deconstruction work plan and design, 
including proper abandonment of wells and piping per (CP43) will be developed 
when appropriate. 
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9. Cost Effective Green Remediation 

In accordance with the NYSDEC Division of Environmental Remediation DER-31 
policy, remediating sites in the context of the larger environment, green engineering 
approaches were built-in to the design where possible. The list that follows discusses 
the cost effective/green remediation aspects of the design. 

 System piping was combined into as few trenches as possible to limit the volume 
of soil that may be required to be transported off site for treatment/disposal. 

 Soil that is removed as part of System construction will be prescreened in the 
field for segregation to limit the volume of grossly contaminated soil that would 
need to be transported off site for treatment/disposal. 

 The incorporation of the in situ oxygen injection technology as opposed to more 
conventional ex situ remedial methods, such as air sparge/soil vapor extraction 
(AS/SVE) or multi-phase extraction (MPE), is a greener approach overall. The 
amount of energy required to run the more conventional systems mentioned 
above through the incorporation of large numbers of extraction wells, blowers, 
large vacuum pumps, vapor liquid separator, granular activated carbon (GAC) 
adsorption and/or catalytic/thermal oxidation, and water treatment equipment, 
would be greater than that of the selected technology. It is anticipated that the 
selected approach will use far less energy than the conventional methods and 
may also require a shorter operation period, which would also decrease the 
overall energy consumption. 

In addition to reduced energy consumption, the proposed system is an overall 
greener approach with respect to conventional ex situ remedial methods based 
on reduced waste generation (spent carbon/media) and the oxygen injection 
technology, which does not require the use of chemicals to create favorable 
conditions in the subsurface. 

 The System has been designed with some versatility and variability to account 
for added capacity if needed during initial operations and diminished capacity in 
the future if the site requires less injection flow into the subsurface. Two 
extraction wells are available to supply sufficient flow for the System or one can 
be taken off line to supply half of the System design flow if site conditions 
warrant. The transfer pump and the injection pump will be controlled by VFDs to 
allow for the adjustment of System flow to meet site conditions. Also, the 
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discharge manifold of the System is designed to allow for targeted or selective 
discharge with the capability to throttle the flow to certain locations or take the 
discharge location off line all together. The rate of oxygen injection into the 
System flow can be varied as well dependent upon the site conditions. 

 Solids settling tank T-400 was incorporated to remove the bulk of precipitated 
solids from the discharge flow to prevent the premature fouling of the injection 
trenches, injection wells, and discharge piping to prolong the life expectancy of 
the injection locations. Prolonging the life of the System discharge components 
will prevent the need to perform maintenance activities on these System 
components adding to the overall efficiency of the project. Preventative 
maintenance activities will also be included in our operation and maintenance 
plan to periodically clean the injection trenches, injection wells, and discharge 
piping with hydrogen peroxide. The periodic cleaning of the discharge piping, 
infiltration trenches, and injection wells will be accomplished using hydrogen 
peroxide at select concentrations. The use of hydrogen peroxide as a cleaning 
agent for the discharge components of the System is opportunistic and also adds 
to the overall efficiency of the project, because it offers an accepted and proven 
practice for cleaning the discharge components of the System and the use of 
hydrogen peroxide during the pilot study proved to diminish the concentration of 
chlorobenzene in groundwater. 

Equipment such as pumps, tanks, instrumentation, and specialized equipment 
(oxygen supply system) were selected based on the proven operation at other 
project sites or for the specialized nature of the equipment and the reputable 
providers of such equipment. 
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10. Waste Management 

A waste management contractor will be retained by CEMC to provide off-site 
transportation and treatment/disposal services for wastes generated during 
construction activities. Prior to demobilization, all wastes will be removed from the 
site or treated on site, including general refuse and other materials generated during 
construction activities such as liquid from decontamination activities and soil material 
that was deemed unusable for grading and/or backfill. 

The primary waste that will be generated by operation of the System will be the 
solids that accumulate in the process tanks. The solids will be removed from the 
tanks as part of routine operation and maintenance on a periodic basis or as needed. 
The solids that accumulate in the tanks will be sampled for waste characterization 
and profiling for disposal purposes prior to a contractor being deployed to site, when 
needed, to remove the solids from the tanks. 
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11. Soil and Water Management 

Activities that will be performed for proper soil and water management during 
construction activities are discussed below.  

11.1 Soil Handling 

All Excavated soils will be handled in accordance with regulations set forth by the 
NYSDEC and USEPA. A Soil Management Plan is currently being developed and will 
be provided under a separate cover prior to the start of construction activities. 

11.2 Excavation Dewatering/Water Management 

Excavation activities during System construction will primarily be completed at 
elevations above the water table; however, the infiltration of groundwater into 
excavated areas is probable based on existing groundwater table elevation. 
Additionally, precipitation and surface-water runoff are other potential sources of 
water infiltration into excavated areas that may need to be managed. The selected 
remediation contractor will be directed to propose an excavation dewatering plan as 
part of the request for proposal (RFP) submittal process and to mobilize the 
appropriate equipment to the site. The RFP will require the prospective contractor to 
include surface-water diversion methods in the proposed plan, which will be used to 
minimize the amount of runoff that enters the excavated areas. Surface-water 
diversion methods may include, but are not limited to, channeling surface-water flow 
around the excavation area by constructing berms to create a preferential flow path. 

Excavation dewatering will likely be accomplished by pumping from a low point 
(sump) created within the excavations. Alternatively, this may be accomplished by 
pumping from one or more wells installed near the excavations. If water is to be 
pumped directly from the excavations, actions will be taken, if needed, to reduce the 
amount of solids that mix with the water. This can be accomplished by placing the 
end of the suction hose used for pumping into a cylindrical object (e.g., corrugated 
metal pipe or 55-gallon drum) that will be perforated, wrapped in a non-woven 
geotextile and placed in the low point of the excavation. 

Water pumped from the excavations (and equipment decontamination waters, further 
discussed below) will be treated on-site by a temporary water treatment system and 
discharged to surface water. Based on recent excavation activities performed at the 
Site, a temporary surface water discharge permit is in place and a temporary water 
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treatment system, which meets the needs for the Site is readily available for 
deployment. The temporary water treatment system will consist of a diesel 
dewatering pump, bag filtration, organoclay filtration, carbon filtration, frac tanks, and 
frac tank circulation (pH adjustment as needed). 

11.3 Equipment Decontamination 

Equipment and materials that come in contact with impacted soil (e.g., trenching 
equipment, trucks, and hand tools) will be decontaminated prior to handling clean 
materials and prior to demobilization from the site. The equipment decontamination 
will be performed to prevent cross-contamination on site and off site. The contractor 
will select means and methods for equipment decontamination activities, which will 
be evaluated during contractor selection and the design process. A decontamination 
area cross section detail has been included in the design drawing set located in 
Appendix B. Specific equipment cleaning procedures will be required including, but 
not limited to, the following: 

• Each transport vehicle will be visually inspected before leaving the loading area. 
Accumulations of soil on the vehicle tires or other exterior surfaces will be 
removed manually or, if necessary, by using a high-pressure water and/or steam 
spray in the equipment decontamination area. Material handling equipment that 
has come into contact with waste-containing soils will be cleaned in the 
equipment decontamination area before it enters non-work areas, handles 
“clean” materials (e.g., backfill) or leaves the site.  

• Liquid materials, such as decontamination water (and other residual material 
collected during equipment decontamination) will be treated on-site through the 
temporary water treatment system. 

• Solids and other waste materials generated by equipment decontamination will 
be containerized for off-site disposal. When impacted soil transport activities are 
in progress, the residual solid wastes may be included with the off-site shipments 
of impacted soil. 

Heavy equipment (e.g., excavators, loaders) will be visually inspected following final 
equipment cleaning. If the visual inspection indicates that waste materials remain, 
the equipment will be re-cleaned and re-inspected. 
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11.4 Backfill 

Trench and excavation backfilling requirements will be in accordance with regulations 
set forth by the NYSDEC and USEPA and will be furthered discussed in the Soil 
Management Plan. During backfilling, the contractor will place strips of utility warning 
tape with wire for metal detection in all trenched areas at a depth of 6-inches below 
grade. Backfilling specifications (e.g., sand bedding, required lifts, compaction, etc.) 
and final grading/restoration are provided in the design drawing set. 

11.5 Community Air Monitoring Plan 

A Community Air Monitoring Plan (CAMP) has been developed for the site to provide 
a measure of protection of the downwind communities from potential airborne 
releases of constituents of concern during construction activities. The full CAMP is 
attached as Appendix C. 
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12. Health and Safety 

Prior to System construction, a design safety review (DSR) will be performed to verify 
that all regulatory requirements are being met with respect to System operation and 
to verify that the proper control measures have been included to prevent any 
potential unsafe conditions. Prior to System startup, following construction, a pre-
startup safety review (PSSR) will be conducted to verify that the System was 
constructed as designed and that all control measures are in place. 

The existing site-specific Health and Safety Plan will be updated to include the health 
and safety needs for System construction and operation activities, including a traffic 
control plan. All aspects of the plan will be reviewed and an acknowledgement 
signature will be required by all personnel working on the construction project and 
operating the System prior to starting work on site. Additions/modifications to the 
existing plan will include, but are not limited to, the following: 

 Requirements for daily tailgate safety meetings with System construction 
contractors. 

 Requirements for working with heavy equipment/machinery, confined space 
entry, electrical safety and other requirements as deemed necessary. 

 Incorporation of the Loss Prevention System (LPS), including requirements for 
performing Loss Prevention Observations (LPO) on contractors/operators, 
followed by a review of the results with all contractors/operators on site during 
tailgate safety meetings. 

 Development of Job Loss Analyses (JLA) for specific critical tasks to be 
performed by contractors/operators. 

 Specifications for site security, control and access. 

An updated site-specific health and safety plan will be provided prior to initiating 
construction activities. 
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13. Contingency Plan 

If the selected remedy is deemed ineffective, CEMC will prepare and submit an AOC 
3 RD/RA Work Plan for installation of a contingency remedial approach consistent 
with the AS/SVE remedy, as presented in the September 2006 ROD for the Site or 
another remedy considered technically appropriate and acceptable to NYSDEC. 

The performance of the System will be monitored to determine effectiveness. The 
effectiveness will be evaluated based on a review of System data and groundwater 
monitoring results as detailed above in Section 8, System Shutdown Criteria. 
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14. Operation, Maintenance, and Monitoring 

Prior to System start-up, an operation, maintenance, and monitoring manual will be 
developed for the System for use by System operators. The manual will include the 
following elements: 

 General System Overview  
 System Process and Components 
 System Startup and Shutdown 
 System Monitoring and Maintenance 
 Information Management 
 Sampling and Analysis 
 Laboratory Requirements 
 Management of Change Procedures 
 Training and Awareness 
 Health and Safety 
 Emergency Response 
 Waste Management 

Prior to System startup, System operators will be trained on the operation of the 
System as well as the required monitoring and reporting requirements as applicable. 
It is anticipated that System sampling for System optimization, will be required 
frequently during initial operations to fine tune the oxygen delivery capability and 
periodically (monthly/quarterly) thereafter to monitor System performance. Influent 
and discharge samples of the solids settling tank decant water will be collected to 
measure DO, chlorobenzene, TDS, TSS, and iron concentrations as well as any 
other parameter deemed necessary during future operations. Also, the solids that 
accumulate in the process tanks will be sampled and analyzed for waste 
characterization/profiling prior to disposal. 
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15. Permits, Approvals, and Notifications 

Communication with state and local agencies has been initiated early in the design 
process to comply with all appropriate permits, approvals and notifications. Prompt 
communication with state and local agencies will provide that the System design is 
developed to meet applicable permits and approvals that may be required. The 
anticipated permits, approvals and notifications required for construction of the 
System are summarized below: 

 Construction permits (e.g., electrical, building) 

 Utility clearance 

 NYSDEC State Pollutant Discharge Elimination System General Permit for 
Stormwater Discharges from Construction Activities 

 Temporary excavation infiltration water treatment system surface water 
discharge 

 United States Environmental Protection Agency (USEPA) Class V Injection Well 
Permit  

 Notice of Intent to the NYSDEC 

 NYSDEC approval of the System design 

 City, county, state, community and other required permits, approvals and 
notifications (abandoned sewer line and fire water line) 

Additional permits, approvals and notifications may be identified as construction 
implementation advances. 
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16. Preliminary Implementation Schedule 

A preliminary implementation schedule, which describes the various components 
associated with completing the System construction activities, has been included as 
Appendix D. It is currently anticipated that construction activities will begin in June, 
2012. 

The schedule represents the first attempt at establishing an implementation schedule 
for construction of the System and several factors affect the actual schedule that will 
develop as the start of construction approaches, including the time required for 
submittal reviews, defined equipment lead times as more proposals are received, 
contractor availability, and the permitting process. The schedule could be delayed or 
improved dependent upon activities following this submittal. 
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17. Preliminary Construction and Operations Cost Estimate 

The cost estimates represent the current evaluation based on equipment required, 
expected construction requirements, expected operating costs, vendor quotes, and 
engineering judgment. The cost to construct the System is approximately 
$1,520,000. The cost to operate the System for a three year period is approximately 
$380,000. Cost for construction and operation of the System will be refined as 
vendor and subcontractor quotes continue to be received. 
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1. Introduction 

1.1 General 

This Groundwater Monitoring Plan, AOC 3, Site-Wide Groundwater Remediation 

(Groundwater Monitoring Plan) has been prepared on behalf of Chevron 

Environmental Management Company (CEMC) as part of the remedial activities to 

address site-wide groundwater (defined as Area of Concern [AOC] 3) at the Tappan 

Terminal Site (3-60-015) located in Hastings-on-Hudson, Westchester County, New 

York (site) (Figure 1). This Groundwater Monitoring Plan is submitted in accordance 

with Administrative Order on Consent Index #A3-0612-1208 to support remedial 

actions (RAs) to be implemented at the site to satisfy the requirements of the New 

York State Department of Environmental Conservation (NYSDEC) Record of 

Decision (ROD) dated September 2006 (NYSDEC 2006).  

The following documents will be used in conjunction with this Groundwater 

Monitoring Plan (as applicable) and were submitted to the NYSDEC with the Pre-

Design Groundwater Investigation Work Plan (ARCADIS BBL, 2007):  

 amended site-specific Health and Safety Plan (HASP)  

 ARCADIS Standard Operating Procedures (SOPs)  

 Quality Assurance Project Plan 

1.2 Site Description and History 

The site is located on 7.7 acres along the Hudson River waterfront, in the village of 

Hastings-on-Hudson, Westchester County, New York (Figure1). The former Tappan 

Terminal is located along the eastern bank of the Hudson River with the Uhlich Color 

Company (Uhlich) located along the railroad tracks that defines the eastern boundary 

of the site. A small portion of the southern end of the property is leased to the 

Pioneer Boat Club for use as a marina. Limited access to the site is from Railroad 

Avenue at the southeast corner of the site and over the Zinsser Bridge that crosses 

the railroad tracks. This bridge has fallen into disrepair and is no longer open to 

vehicular traffic. Both the former Tappan Terminal and Uhlich Color Company Site 

are surrounded by a chain-link fence.  

The Tappan Terminal site has a long history of manufacturing and chemical use by 

several owners and occupants. The site itself is located on reclaimed land that was 

created by placement of man-made fill onto the banks of the Hudson River between 
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1868 and 1970. This fill material typically consisted of sand and gravel mixed with 

bricks, concrete, stone, timber, ash, slag, shells, and other debris. Between 1897 and 

1955 the site was owned by Zinsser & Company and used for the manufacture of 

dyes, pigments and photographic chemicals. In 1955, the Harshaw Chemical 

Company purchased the Zinsser Company and continued operations at the site. In 

1961, Tappan Tanker Terminal purchased the property and began operating a 

petroleum distribution facility on the western portion of the site. Beginning in 1964, 

Paul Uhlich & Company leased, and then purchased, the eastern portion of the site 

for the manufacture of pigments. This operation later became the Uhlich Color 

Company. The Uhlich Color Company was recently acquired by Magruder Color 

Company, and has discontinued operations at the Hastings-on-Hudson property. In 

1975, Mobil Oil Company (Mobil) purchased the western portion of the site and 

continued petroleum distribution operations. 

When Mobil ceased operations on their property in 1985, several oil spills and bulk 

storage violations were discovered. Sampling of various media at the site was 

performed between 1985 and 1989. In 1987, the NYSDEC listed the site as a Class 

2 site in the Registry of Inactive Hazardous Waste Disposal Sites in New York. A 

Class 2 site is a site where hazardous waste presents a significant threat to the 

public health or the environment, and remedial action is required. 

During a 1992 repair of a sewer pipe at the site, evidence of a petroleum release on 

both the eastern and western properties was discovered. Contaminated soil was 

stockpiled and later sent off site for disposal. The extent of petroleum contamination 

was investigated between 1992 and 1994. In 1994, an oil remediation plan was 

approved under the NYSDEC's Spill Response Program and Mobil and Uhlich 

entered into a Stipulation Agreement to remediate this spill. 

In 1996, Mobil entered into a Voluntary Agreement with the NYSDEC to investigate 

petroleum contamination on the western portion of the site. Because none of the 

potentially responsible parties agreed to perform a comprehensive investigation of 

the entire site, the site was referred for a state-funded investigation in 1998. 

However, after 1998, Mobil conducted focused investigations and technology pilot 

studies on contamination located on their portion of the site. The Uhlich Color 

Company ceased operations at the site in 2002, and most buildings at the site were 

demolished in early 2003. 

In addition to the site operators identified above, several corporate mergers and 

acquisitions have occurred. The Harshaw Chemical Company was purchased by 
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Kewanee Industries in 1966, which was acquired by the Gulf Oil Corporation in 1977. 

Gulf Oil Corporation merged with the Chevron Chemical Corporation in 1985. Mobil 

Oil Corporation merged with Exxon Corporation to form Exxon/Mobil in 1999. 

The site is adjacent to the Harbor-at-Hastings Site, a Class 2 inactive hazardous 

waste disposal site that is contaminated with polychlorinated biphenyls, metals and 

polycyclic aromatic hydrocarbons. 

1.3 Identified Remedial Areas and COCs in Site-Wide Groundwater (AOC 3) 

1.3.1 Apparent Source Areas 

Chlorobenzene is the primary COC in groundwater on both the eastern and western 

parcels. The principal source of chlorobenzene appears to have been a former 

aboveground storage tank (AST) located near monitoring well AB-MW-4. Available 

site characterization results indicate that chlorobenzene released near this AST may 

have migrated laterally to the north through the subsurface, along the backfill 

material and around a former sanitary sewer line oriented perpendicular to 

groundwater flow.  

A secondary source area was identified upgradient of the former sanitary sewer line 

and downgradient of a former building in which chlorobenzene was historically 

handled. Dissolved-phase chlorobenzene in groundwater has been observed to be 

concentrated at several hot spot locations along the former sanitary sewer line near 

the former chlorobenzene AST, which is located northwest of the source area toward 

the Hudson River (Figure 3). Several semivolatile organic compounds (SVOCs) have 

also been detected within the chlorobenzene plume; the source area of the SVOCs 

has not been identified. 

1.3.2 Volatile Organic Compounds 

Chlorobenzene has been detected at concentrations ranging from 1 microgram per 

liter (µg/L) in groundwater samples collected from monitoring well OW-08 to 20,000 

µg/L in groundwater at monitoring well OW-12N. Benzene was detected at 

concentrations ranging from 0.32 µg/L in monitoring well ABMW-02 to 23 µg/L in 

monitoring well MW-10. The NYSDEC Ambient Water Quality Standard and 

Guidance Values (Standards and Guidance Values) for chlorobenzene and benzene 

are 5 and 1 µg/L, respectively (NYSDEC 1998). 
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1.3.3 SVOCs 

Historically, several SVOCs (including 1-4 dichlorobenzene, 2-chlorophenol, 4-

chloroaniline and naphthalene) have been detected in groundwater above the 

Standards and Guidance Values (NYSDEC 1998). Maximum concentrations of these 

SVOCs in 2009 are presented below (respective Standards are indicated in 

parenthesis): 

 1-4-dichlorobenzene at 12 µg/L in MW-10 (3 µg/L) 

 2-chlorophenol at 23 µg/L in MW-15 (1 µg/L) 

 4-chloroaniline at 12 µg/L in OW-27A (5 µg/L) 

 naphthalene at 27 µg/L in MW-10 (10 µg/L) 

1.4 Remedial Objectives 

The remedial objectives for groundwater as defined in the ROD (NYSDEC 2006) are 

to: 

 prevent ingestion of groundwater with volatile organic compound (VOC) 

contaminant levels exceeding drinking water standards. 

 prevent inhalation of VOCs from contaminated groundwater. 

 treat the source of groundwater contamination. 

 prevent the discharge of contaminants to the Hudson River. 

 to the extent practicable, attain Class GA Ambient Water Quality Standards for 

contaminants of concern in groundwater.  

1.5 Project Roles and Responsibilities 

Mark Stella will serve as CEMC’s Project Manager (PM) and will direct the technical 

and administrative aspects of the project. Mr. Stella will be the primary CEMC contact 

in connection with completing all work associated with the Groundwater Monitoring 

Plan. 
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The proposed ARCADIS personnel and their responsibilities are presented below: 

 William T. McCune will serve as PM and will manage the technical and 

administrative aspects of the project. Mr. McCune will confirm that the proper 

resources are made available to complete all work associated with this 

Groundwater Monitoring Plan.  

 Timothy E. Miller, P.E., will serve as the Project Officer and will provide direction, 

final review and internal approval of ARCADIS documents, detailed drawings and 

other work products developed throughout the project. Mr. Miller is a licensed 

Professional Engineer in New York State. Mr. Miller signed and sealed this 

Groundwater Monitoring Plan and will sign and seal the Final Engineering Report 

detailing the implementation of this Groundwater Monitoring Plan. 

 The Field Manager will coordinate the implementation of this Groundwater 

Monitoring Plan and will also communicate proposed actions and schedules for 

implementation of RAs at the site to the NYSDEC. The field manager will be 

selected at the time of implementation.  

 Mr. Greg Mason will serve as the Project Health and Safety Manager and will be 

responsible for the technical review and approval of the Health and Safety Plan 

(HASP), as well as ongoing review of project health and safety procedures 

implemented at the Site. 

The following subcontractors will be retained during implementation of the 

Groundwater Monitoring Plan: 

 TestAmerica Laboratories, Inc., a laboratory certified by the New York State 

Department of Health, will be retained by CEMC to provide off-site analytical 

services for water samples collected during implementation of this Groundwater 

Monitoring Plan. 

 Waste Management, Inc. will be retained by CEMC to provide off-site 

transportation and treatment/disposal services for wastes generated during 

implementation of this Groundwater Monitoring Plan. 
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2. Groundwater Monitoring Activities 

The groundwater monitoring program will include groundwater elevation and 

groundwater quality monitoring. Groundwater monitoring will be completed in two 

phases: Phase 1 will include groundwater monitoring to monitor the effectiveness of 

the remedial system and Phase 2 will include monitoring of the MNA remedy. 

2.1 Groundwater Elevation Monitoring 

Groundwater elevation monitoring will include a synoptic collection of groundwater 

elevation data from all on-site monitoring wells during each groundwater monitoring 

event. The groundwater elevation data will be used to generate potentiometric 

surface maps of the water table.  

2.2 Groundwater Quality Monitoring 

2.2.1 Phase 1 Groundwater Monitoring  

Groundwater samples from existing monitoring wells were collected and analyzed to 

monitor the chlorobenzene plume during system operation and the extent of SVOCs, 

and to provide information for evaluation of MNA. The groundwater analytical data 

generated during the Phase 1 groundwater monitoring program will be used to 

determine when to shut down the remedial system.  

Groundwater sampling locations are shown on Figure 2. Groundwater samples will 

be collected using low-flow sampling procedures as described in the ARCADIS SOP 

for groundwater sampling (Attachment A). Field parameters including dissolved 

oxygen, oxidation reduction potential, conductivity and pH will be measured during 

the collection of groundwater samples. Groundwater samples collected from all 

monitoring wells included in the program will be analyzed for VOCs. Monitoring wells 

with historical detections of SVOCs above applicable criteria and nearby 

downgradient monitoring wells will also be sampled for SVOCs. Select monitoring 

wells will be analyzed for general chemistry parameters including dissolved 

manganese and iron, alkalinity, and methane. Based on the results of the pilot 

studies, the site is not nutrient limited, so the analysis of nutrients in groundwater is 

has not been included in the groundwater monitoring plan. Groundwater elevation 

data will also be collected as part of the Phase I groundwater monitoring program. 
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Groundwater samples will be collected prior to the start up of the remedial system 

and then quarterly during the first 2 years of system operation and then semiannually 

until the system is shutdown. Additional monitoring of field parameters and 

groundwater elevations will be completed as part of the startup of the groundwater 

remedial system. If SVOCs are not detected at concentrations above NYSDEC 

groundwater quality standards and guidance values during the first year of 

monitoring, SVOCs will be removed from the groundwater monitoring program. 

2.2.2 System Shutdown Groundwater Monitoring 

The system shutdown groundwater monitoring will be completed in two phases: the 

complete system shutdown and if needed, based on the analytical results, a pulse 

shutdown phase. Unlike a typical pulsed cycle, the system will operate continuously 

during the first pulse for up to three months or until groundwater conditions approach 

pre-shutdown conditions, then the system will be shutdown and groundwater 

conditions will be monitored for three months. The system will be operated in a pulse 

cycle for up to three cycles before a contingency plan is evaluated. The pulse cycle 

of three months was selected to allow time for the microbial communities to respond 

to the increase in oxygen by increasing the degradation of chlorobenzene. 

After the remedial system has been temporarily shut down, additional groundwater 

monitoring will be completed to determine if chlorobenzene concentrations are 

rebounding. For the first six months following the shut down, the Phase I 

groundwater monitoring will be completed quarterly and groundwater samples will be 

collected from source area monitoring wells OW-12W, MW-T2, and MW-12 on a 

monthly basis for analysis of VOCs. If a rebounding trend is not observed in the 

source area monitoring wells and no increasing trend is observed in the 

downgradient monitoring points, Phase 2 groundwater monitoring will be started. 

During the pulse system shutdown, groundwater samples will be collected from the 

source area monitoring wells OW-12W, MW-T2, and MW-12 every month for 

analysis of VOCs.  

2.2.3 Phase 2 Groundwater Monitoring 

After the remedial system has been shut down, it assumed that some low levels of 

chlorobenzene may remain in groundwater. Phase 2 groundwater monitoring will be 

used to monitor the natural attenuation of the remaining chlorobenzene plume. 

Monitoring wells located along the downgradient edge of the chlorobenzene plume 

and select monitoring wells in the source area will be monitored for VOCs and 
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monitored natural attenuation (MNA) parameters (carbon dioxide, alkalinity, methane 

and chloride). Groundwater sampling locations are shown on Figure 3. Field 

parameters including dissolved oxygen, oxidation reduction potential, conductivity 

and pH will be measured during the collection of groundwater samples. Groundwater 

elevation data will also be collected as part of the Phase 2 groundwater monitoring 

program. Groundwater samples will be collected using low-flow sampling procedures, 

as described in the ARCADIS SOP for groundwater sampling (Attachment A). The 

Phase 2 groundwater monitoring plan will be reviewed after the completion of Phase 

1 and an annual basis and will be revised as needed base on the current 

groundwater conditions.  

The results of the Phase 2 groundwater monitoring program will be analyzed to 

assess the effectiveness of natural attenuation. In addition to decreasing 

concentrations of dissolved chlorobenzene as an indicator of natural attention, 

parameters will be analyzed for indication of destruction of the dissolved 

chlorobenzene, as summarized below: 

 Chloride concentrations will be monitored as an indicator of reductive dechlorination. 

 Carbon dioxide will be monitored as an indicator of complete dechlorination. 

 Alkalinity will be monitored as an indicator of biodegradation activities. 

 Methane will be monitored as an indicator of degradation of organic matter. 

Post-remedial MNA monitoring will be completed quarterly for the first year after the 

shutdown of the remedial system and then annually until the NYSDEC is adequately 

satisfied that the chlorobenzene plume is stable or shrinking and that no further 

actions are required. The determination that MNA will achieve the remedial goals for 

the site in a manner that is fully protective of all identified receptors, and that 

monitoring can be terminated, is to be made in accordance with applicable NYSDEC 

standards and protocols. 

2.3 Reporting 

ARCADIS will prepare quarterly reports during the first year of System operation and 

then an annual groundwater monitoring report for submittal to the NYSDEC for the 

remainder of the program. Groundwater analytical data will be provided to NYSDEC 

in the monthly reports. The monitoring reports will include current and historical 

groundwater analytical results and provide details on system operation and 

effectiveness and monitoring data will be submitted electronically in the NYSDEC 

electronic data deliverable (EDD) format.  
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3. Groundwater Monitoring Well Network 

The groundwater monitoring network will be inspected annually for security and 

integrity. If a monitoring well is found to be damaged beyond repair or is no longer 

required for groundwater monitoring, it will be decommissioned.  

3.1 Monitoring Well Decommissioning 

Monitoring wells that are located in the area of the groundwater remediation trenches 

and system and monitoring wells that are not needed for groundwater monitoring will 

be decommissioned in accordance with NYSDEC Policy CP-43, including: AB-MW-4, 

AB-MW-5, OW-12S, OW-12N, OW-12E, MW-T6, LMS-1, and OW-18. Monitoring 

wells will be decommissioned by pulling the casing and grouting the borehole using a 

tremie pipe. If the monitoring well casing cannot be pulled from the borehole, the 

monitoring well will be grouted in place. When monitoring wells are no longer 

required for groundwater monitoring purposes, a request will be made to NYSDEC to 

allow decommissioning.  

3.2 Monitoring Well Installation 

Four additional monitoring wells (AMW-6, AMW-7, AMW-8, and AMW-9) and one 

replacement monitoring well (OW-5AR) will be installed to augment the existing 

monitoring network. The monitoring wells will be constructed using 2-inch-diameter, 

Schedule 40, machine-slotted polyvinyl chloride; and a 10-foot-long well screen, with 

approximately 3 feet of well screen above the water table. 

During monitoring well installation, soil samples will be collected continuously for 

visual classification using split-spoon sampling methods or Geoprobe® methods from 

ground surface to the bottom of each boring. A photo ionization detector will be used 

to obtain headspace readings of each sample interval and to provide health and 

safety monitoring for field personnel during the drilling program. After installation of 

the monitoring well is complete, the monitoring well will be developed. The SOPs for 

monitoring well installation and monitoring well development are provided in 

Attachment A.  
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4. System Shutdown Criteria 

Shutdown of the System will follow the NYSDEC Division of Environmental 

Remediation Technical Guidance for Site Investigation and Remediation (DER-10) 

and will be evaluated based on groundwater monitoring results (further in this section 

identify which groundwater monitoring locations will be used for determining system 

shutdown) collected during operation of the System. Shutdown of the System will be 

considered when it is determined that the Remedial Action Objectives (RAO) have 

been met, or that continued operation of the System is no longer effective and that a 

bulk reduction in contamination has been achieved by the System. 

The objective of the System is to reduce the concentrations of dissolved 

chlorobenzene in the source areas through treatment to a level where natural 

attenuation processes alone would be an effective remedy. Data collected during the 

PDI indicated that chlorobenzene was fully degraded (mineralized) to CO2 in 

downgradient monitoring wells OW-27A, ABMW-03, and MW-1A where 

concentrations of dissolved chlorobenzene in October 2009 ranged from 370 µg/L 

(ABMW-03) to 690 µg/L (OW-27A). Based on the observation that natural attenuation 

has been shown to be effectively reducing concentrations of chlorobenzene at the 

downgradient plume boundary, it is assumed that once concentrations of 

chlorobenzene in the source area are reduced below 1,000 parts per billion, natural 

attenuation alone would be an effective remedy. 

It is anticipated that, prior to approaching asymptotic conditions, operation of the 

System will result in the reduction of the dissolved constituent concentrations such 

that natural attenuation alone would be an effective remedy. If concentrations of 

dissolved chlorobenzene in the monitoring points within the source areas (OW-12W, 

MW-T2, and MW-12) are observed to level off (approaching asymptotic conditions) 

subsequent to sustained operation of the System and optimization of the System to 

the extent possible, and concentrations in groundwater have been reduced to a level 

where natural attenuation processes can be relied upon to address residual 

constituents, shutdown of the System will be considered. 

Continued operation of the System for a period of time prior to any proposed 

shutdown must confirm that asymptotic groundwater conditions have been achieved. 

Permanent shutdown of the System will begin with an initial System shutdown to 

monitor for chlorobenzene rebound in Site groundwater. After the initial shutdown, 

groundwater samples will be collect from the monitoring points within the source 

areas on a monthly basis to evaluate potential rebound of concentrations of 
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dissolved chlorobenzene for 6 months, with some flexibility to continue to monitor for 

a longer period of time to demonstrate a clear concentration trend to asymptotic 

conditions. The trending asymptotic concentration will then be compared to pre-shut 

down conditions and RAOs to make a determination if the System should continue to 

operate or if natural attenuation processes can be relied upon to address residual 

constituents.  

The groundwater monitoring data will be graphically presented to illustrate the 

effectiveness of System operation. A minimum of eight approved groundwater data 

sets are typically necessary to statistically demonstrate within 95% confidence limits 

that asymptotic conditions have been reached. Alternative non-parametric statistical 

tests may be proposed. 

If the post-shutdown groundwater data and concentrations are not observed to 

rebound substantially above the pre-shutdown concentrations, then the System can 

be considered to no longer be effecting contaminant concentration, and it may be 

appropriate for the NYSDEC to consider shutdown of the System. A decrease in 

contaminant levels in adjacent groundwater monitoring wells during shutdown may 

also be considered by the NYSDEC in justifying remedial System shutdown.  

If the post system shutdown monitoring results indicate that a substantial rebound 

has occurred, the system will be turned back on and operated in a pulsed or other 

approved alternative cycle and the process will be monitored as previously 

discussed. Unlike a typical pulsed cycle, the system will operate continuously during 

the first pulse for up to three months or until groundwater conditions approach pre-

shutdown conditions, then the system will be shutdown and groundwater conditions 

will be monitored for three months. The system will be operated in a pulse cycle for 

up to three cycles before a contingency plan is evaluated. The pulse cycle of three 

months was selected to allow time for the microbial communities to respond to the 

increase in oxygen by increasing the degradation of chlorobenzene.  

The system treating groundwater will not be permanently shut down until the 

concentrations have been reduced and groundwater standards have been met at the 

site boundaries such that MNA will be initiated. The goal of the system is for 

contamination levels beyond the site boundaries will no longer be at levels which 

threaten public health and the environment. If the System has been operating for its 

anticipated duration and the RAOs have not been met following System optimization 

to improve System success, an evaluation of remedial alternatives will be performed 
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to meet RAOs, which will include the use of alternate injection locations, continued 

monitoring, or other appropriate alternatives. 

Following active groundwater remediation, an MNA program will be initiated. The 

focus of this program will be to monitor the natural attenuation of remaining 

chlorobenzene concentrations in Site groundwater. This post-remedial monitoring will 

continue until the NYSDEC is adequately satisfied that the chlorobenzene plume is 

stable or shrinking and that no further actions are required. Groundwater monitoring 

methods will be used to determine the effect of natural attenuation.  

It is anticipated that the System will remain intact, but inactive during the initial 

implementation of the MNA program in case further System operation is required. 

When it is determined that the System is no longer required, the System will be 

dismantled and removed from the Site. A deconstruction work plan and design, 

including proper abandonment of wells and piping per (CP43) will be developed 

when appropriate. 
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Table 1. Groundwater Sampling Summary, Former Tappan Terminal Site, Hastings on the Hudson, NY

Monitoring Well 
ID VOCs

SVOCs + 
TICs*

Dissolved 
Iron

Dissolved 
Manganese Alkalinity Methane Chloride

AB-MW-2 X X X X X X
AB-MW-3 X X X X X X
MW-1A X

MW-1/TW4 X
MW-6 X

MW-7A X
MW-9A X X X X X X
MW-10 X X X X X X
MW-12 X X
MW-15 X X
MW-D1 X
MW-S1 X
MW-T2 X

OW-5AR X
OW-8 X X X X X X

OW-9A X X X X X
OW-12W X X X X X X
AMW-6 X
AMW-7 X
AMW-8 X
AMW-9 X

AB-MW-1 X X X X X X
AB-MW-2 X X X X X X
AB-MW-3 X X X X X X
MW-1A X
MW-6 X X X X X X

MW-7A X X X X X X
MW-9A X X X X X X
MW-10 X
MW-12 X
MW-D1 X
MW-S1 X
MW-T2 X
OW-8 X X X X X X

OW-9A X X X X X X
OW-12W X X X X X X
AMW-6 X
AMW-7 X
AMW-8 X
AMW-9 X

Notes:

"X" - Groundwater sample location.

*Tentatively Identified Compounds (TICs) are as follows:  0-chloraniline, 2-methyl-benzenamine, p-aminotoluene, 
  9,10-anthracenedione, 1,4-dihydroxy-9,10-anthracenedione, 1-hydroxy-9,10-anthracenedione, (z)-9-octadecenamine.

Phase I Monitoring

Phase II Monitoring

5/21/2012
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FORMER TAPPAN TERMINAL SITE
HASTINGS-ON-HUDSON, NEW YORK

GROUNDWATER MONITORING PLAN

REFERENCE: BASE MAP USGS 7.5 MIN. QUAD., YONKERS, N.Y. - N.J., 1966, PHOTOREVISED 1979.

FIGURE

1

Approximate Scale: 1" = 2000'

2000' 2000'0

0
3
/0

1
/2

0
11

 S
Y

R
A

C
U

S
E

, 
N

Y
-E

N
V

/C
A

D
-D

H
O

W
E

S
B

0
0
4
6
9
1
8
/0

0
0
0
/0

0
0
0
6
/C

D
R

/4
6
9
1
8
N

0
1
.C

D
R





GROUNDWATER
MONITORING LOCATIONS

PHASE II

C
IT

Y
:

S
Y

R
A

C
U

S
E

,
N

.Y
.

D
IV

/G
R

O
U

P
:

E
N

V
C

A
D

-1
4
1

D
B

:
G

M
S

,
K

F
S

,
R

.A
L

L
E

N
P

M
:(

R
e
q

d
)

L
Y

R
:

O
N

=
*;

O
F

F
=

*R
E

F
G

:\
E

N
V

C
A

D
\S

Y
R

A
C

U
S

E
\A

C
T

\B
0

0
4

6
9

1
8

\0
0

0
0
\0

0
0
0
1
\D

W
G

\4
6
9
1
8
B

0
2
.d

w
g

L
A

Y
O

U
T

:
3

S
A

V
E

D
:

2
/1

1
/2

0
1

1
1

1
:2

2
A

M
A

C
A

D
V

E
R

:
1

8
.0

S
(L

M
S

T
E

C
H

)
P

A
G

E
S

E
T

U
P

:
C

-L
D

2
B

-P
D

F
-C

O
N

V
P

L
O

T
S

T
Y

L
E

T
A

B
L
E

:
P

L
T

F
U

L
L

.C
T

B
P

L
O

T
T

E
D

:
3

/1
/2

0
1

1
2
:0

2
P

M
B

Y
:

S
T

O
W

E
L
L

,
G

A
R

Y

FIGURE

3

FORMER TAPPAN TERMINAL SITE
HASTINGS ON HUDSON, NEW YORK

MONITORING PLAN

IM
A

G
E

S
:

X
R

E
F

S
:

4
6

9
1

8
X

0
1

4
6

9
1

8
X

0
0

P
R

O
JE

C
T

N
A

M
E

:
--

--



Attachment A 

 

ARCADIS SOPs 



DD 

 
  
3/3/11  
G:\DIV11\DOC11\B0046918_0041111100_95 Percent Design Report_AppA_AttachA SOP - MW Installation.doc 1 

SOP: Monitoring Well Installation 
Rev. #: 2 

Rev Date:  July 31, 2007 

 

Standard Operating Procedure: Monitoring Well Installation 
 
 
I. Scope and Application  
 
Monitoring well boreholes are typically drilled using the hollow-stem auger drilling method.  Other drilling 
methods that are also suitable for installing overburden monitoring wells, and are sometimes necessary due to 
site-specific geologic conditions, include: drive-and-wash, spun casing, Rotasonic, dual-rotary (Barber Rig), and 
fluid/mud rotary.  Direct-push techniques (e.g., Geoprobe or cone penetrometer) and driven well points may also 
be used in some cases.  The drilling method to be used at a given site will be selected based on site-specific 
consideration of anticipated drilling/well depths, site or regional geologic knowledge, type of monitoring to be 
conducted using the installed well, and cost. 
 
No oils or grease will be used on equipment introduced into the boring (e.g., drill rod, casing, or sampling tools).  
No coated bentonite pellets will be used in the well drilling or construction process.  Material safety data sheets 
(MSDS) and specifications of materials to be installed in the well will be obtained prior to mobilizing onsite, 
including: 
 
• well casing; 
• bentonite; 
• sand; and 
• grout. 
 
Well materials will be inspected and, if needed, cleaned prior to installation. 
 
II. Personnel Qualifications 
 
Monitoring well installation activities will be performed by persons who have been trained in proper well 
installation procedures under the guidance of an experienced field geologist, engineer, or technician.  Where 
field sampling is performed for soil characterization, field personnel will have undergone in-field training in terms 
of soil classification. 
 
III. Equipment List 
 
The following materials will be available during soil boring and monitoring well installation activities, as required: 
 
• Site Plan with proposed soil boring/well locations; 
• Work Plan or Field Sampling Plan (FSP), and site Health and Safety Plan (HASP); 
• personal protective equipment (PPE), as required by the HASP; 
• drilling equipment required by the American Society of Testing and Materials (ASTM) D 1586, when 

performing split-spoon sampling; 
• disposable plastic liners, when drilling with direct-push equipment; 
• appropriate soil sampling equipment (e.g., stainless steel spatulas, knife); 
• equipment cleaning materials; 
• appropriate sample containers and labels; 
• chain-of-custody forms;  
• insulated coolers with ice, when collecting samples requiring preservation by chilling; 
• photoionization detector (PID) or flame ionization detector (FID); 
• keys to wells; 
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• well construction materials; and 
• field notebook. 
 
IV. Cautions 
 
Prior to beginning field work, underground utilities in the vicinity of the drilling areas will be delineated by the 
drilling contractor or an independent underground utility locator service.  See separate SOP for utility clearance. 
 
No coated bentonite pellets will be used in monitoring well construction, as the coating could contaminate the 
well.  Overburden monitoring wells may be installed with Schedule 40 polyvinyl chloride (PVC) to a maximum 
depth of 200 feet below ground surface (bgs).  PVC monitoring wells between 200 and 400 feet total depth will 
be constructed using Schedule 80 PVC.  Monitoring wells deeper than 400 feet will be constructed using steel. 
 
V. Health and Safety Considerations 
 
Field activities associated with monitoring well installation will be performed in accordance with a site-specific 
HASP, a copy of which will be present on site during such activities. 
 
VI. Procedures 
 
The procedures for installing groundwater monitoring wells in soil are presented below: 
 
Hollow-Stem Auger, Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and Dual-Rotary 
Drilling Methods 
 
1. Locate boring/well location, establish work zone, and set up sampling equipment cleaning area.                           
 
2. Advance soil boring to depth.  Collect soil samples at appropriate interval as specified in the Work Plan 

and/or FSP. Collect, document, and store samples for laboratory analysis as specified in the Work Plan 
and/or FSP. A common sampling method that produces high-quality samples with relatively little soil 
disturbance is the ASTM D 1586 - Standard Test Method for Penetration Test and Split-Barrel Sampling of 
Soils.  Split-spoon samples are obtained during drilling using hollow-stem auger, drive-and-wash, spun 
casing, and fluid/mud rotary.  Rotasonic drilling produces large-diameter soil cores that tend to be more 
disturbed than split-spoon samples due to the vibratory action of the drill casing.  Dual-rotary removes 
cuttings by compressed air and allows only a general assessment of geology. 

 
3. Describe each soil sample, including soil type; color; percent recovery; relative moisture content; soil 

texture; grain-size and shape; consistency; presence of any staining, sheen, or odor; and any other 
pertinent observations. Record descriptions in the field notebook. During soil boring advancement, 
document all drilling events in field notebook, including blow counts (number of blows required to advance 
split-spoon sampler in 6-inch increments) and work stoppages.  Blow counts will not be available if 
Rotasonic, dual-rotary, or direct-push methods are used. 

 
4. Upon completing the borehole to the desired depth, install the monitoring well by lowering the screen and 

casing assembly with sump through the augers or drill casing.  Monitoring wells typically will be constructed 
of 2-inch-diameter, flush-threaded PVC slotted well screen and blank riser casing. Smaller diameters may 
be used if wells are installed using direct-push methodology or if multiple wells are to be installed in a single 
borehole. The screen length will be specified in the Work Plan or FSP based on regulatory requirements 
and specific monitoring objectives.  Monitoring well screens are usually 5 to 10 feet long, but may be up to 
25 feet long in very low permeability, thick geologic formations.  The screen length will depend on the 
purpose for the well and the objectives of the groundwater investigation.  Typically, the slot size will be 
0.010 inch and the sand pack will be Morie No. 0 or equivalent.  In very fine-grained formations where 
sample turbidity needs to be minimized, it may be preferred to use a 0.006-inch slot size and Morie No. 00 
or equivalent sand pack.  Alternatively, where monitoring wells are installed in coarse-grained deposits and 
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higher well yield is required, a 0.020-inch slot size and Morie No. 1 or equivalent sand pack may be 
preferred. To the extent practicable, the slot size and sand pack gradation will be predetermined in the Work 
Plan or FSP based on site-specific grain-size analysis or other geologic considerations or monitoring 
objectives.  A blank sump may be attached below the well screen if the well is being installed for dense non-
aqueous phase liquid (DNAPL) recovery/monitoring purposes. If so, the annular space around the sump will 
be backfilled with neat cement grout to the bottom of the well screen prior to placing the sand pack around 
the screen.  This grout will be allowed to harden for a minimum 12 hour, and preferably 24 hour, period 
before placing sand pack.  A blank riser will extend from the top of the screen to approximately 2.5 feet 
above grade or, if necessary, just below grade where conditions warrant a flush-mounted monitoring well. 

 
5. When the monitoring well assembly has been set in place and the grout has been placed around the sump 

(if any), place a washed silica sand pack in the annular space from the bottom of the boring to a height of 1 
to 2 feet above the top of the well screen. The sand pack is placed and drilling equipment extracted in 
increments until the top of the sand pack is at the appropriate depth.  The sand pack will be consistent with 
the screen slot size and the soil particle size in the screened interval, as specified in the Work Plan or FSP.  
A hydrated bentonite seal (a minimum of 2 feet thick) will then be placed in the annular space above the 
sand pack.  If non-hydrated bentonite is used, the bentonite should be permitted to hydrate in place for a 
minimum of 30 minutes before proceeding. No coated bentonite pellets will be used in monitoring well 
drilling or construction.  Potable water may be added to hydrate the bentonite if the seal is above the water 
table.  Monitor the placement of the sand pack and bentonite with a weighted tape measure. During the 
extraction of the augers or casing, a cement/bentonite grout will be placed in the annular space from the 
bentonite seal to a depth approximately 2 feet bgs. 

 
6. Place a locking, steel protective casing (extended at least 1.5 feet below grade and 2 feet above grade) over 

the riser casing and secure with a neat Portland Cement seal.  Alternatively, for flush-mount completions, 
place a steel curb box with a bolt-down lid over the riser casing and secure with a neat Portland Cement 
seal.  In either case, the cement seal will extend approximately 1.5 to 2.0 feet below grade and laterally at 
least 1 foot in all directions from the protective casing, and should slope gently away to promote drainage 
away from the well.  Monitoring wells will be labeled with the appropriate designation on both the inner and 
outer well casings or inside of the curb box lid.  

 
When an above-grade completion is used, the PVC riser will be sealed using an expandable locking plug 
and the top of the well will be vented by drilling a small-diameter (1/8 inch) hole near the top of the well 
casing or through the locking plug, or by cutting a vertical slot in the top of the well casing.  When a flush-
mount installation is used, the PVC riser will be sealed using an unvented, expandable locking plug.   

 
7. During well installation, record construction details and actual measurements relayed by the drilling 

contractor and tabulate materials used (e.g., screen and riser footages; bags of bentonite, cement, and 
sand) in the field notebook. 

 
8. After completing the well installation, lock the well, clean the area, and dispose of materials in accordance 

with the procedures outlined in Section VII below. 
 
Direct-Push Method 
 
The direct-push drilling method may also be used to complete soil borings and monitoring wells.  Examples of 
this technique include the Diedrich ESP vibratory probe system or AMS Power Probe® dual-tube system.  
Environmental probe systems typically use a hydraulically operated percussion hammer. Depending on the 
equipment used, the hammer delivers 140- to 350-foot pounds of energy with each blow.  The hammer provides 
the force needed to penetrate very stiff/medium dense soil formations.  The hammer simultaneously advances 
an outer steel casing that contains a dual-tube liner for sampling soil.  The outside diameter (OD) of the outer 
casing ranges from 1.75 to 2.4 inches and the OD of the inner sampling tube ranges from 1.1 to 1.8 inches.  The 
outer casing isolates shallow layers and permits the unit to continue to probe at depth.  The double-rod system 
provides a borehole that may be tremie-grouted from the bottom up.  Alternatively, the inside diameter (ID) of 
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the steel casing provides clearance for the installation of small-diameter (e.g., 0.75- to 1-inch ID) micro-wells. 
The procedures for installing monitoring wells in soil using the direct-push method are described below. 
 
1. Locate boring/well location, establish work zone, and set up sample equipment cleaning area. 
 
2. Advance soil boring to designated depth, collecting samples at intervals specified in the Work Plan. 

Samples will be collected using dedicated, disposable, plastic liners.  Describe samples in accordance with 
the procedures outlined in Step 2 above.  Collect samples for laboratory analysis as specified in the Work 
Plan and/or FSP. 

 
3. Upon advancing the borehole to the desired depth, install the micro-well through the inner drill casing. The 

micro-well will consist of approximately 1-inch ID PVC slotted screen and blank riser.  The sand pack, 
bentonite seal, and cement/bentonite grout will be installed as described, where applicable, in Step 4 above. 

 
4. Install protective steel casing or flush-mount, as appropriate, as described in Step 5 above.  During well 

installation, record construction details and tabulate materials used. 
 
5. After completing the well installation, lock the well, clean the area, and dispose of materials in accordance 

with the procedures outlined in Section VII below. 
 
Driven Well Point Installation 
 
Well points will be installed by pushing or driving using a drilling rig or direct-push rig, or hand-driven where 
possible.  The well point construction materials will consist of a 1- to 2-inch-diameter threaded steel casing with 
either 0.010- or 0.020-inch slotted stainless steel screen.  The screen length will vary depending on the 
hydrogeologic conditions of the site. The casings will be joined together with threaded couplings and the 
terminal end will consist of a steel well point.  Because they are driven or pushed to the desired depth, well 
points do not have annular backfill materials such as sand pack or grout. 
 
VII. Waste Management 
 
Investigation-derived wastes, including soil cuttings and excess drilling fluids (if used), decontamination liquids, 
and disposable materials (well material packages, PPE, etc.), will be placed in clearly labeled, appropriate 
containers, or managed as otherwise specified in the Work Plan or FSP. 
 
VIII. Data Recording and Management 
 
Drilling activities will be documented in a proper field notebook.  Pertinent information will include personnel 
present on site, times of arrival and departure, significant weather conditions, timing of well installation activities, 
soil descriptions, well construction specifications (screen and riser material and diameter, sump length, screen 
length and slot size, riser length, sand pack type), and quantities of materials used. 
 
A field survey control program will be conducted using standard instrument survey techniques to document well 
or piezometer location, ground, and inner and outer casing elevations.  Generally, a local baseline control will be 
set up.  This local baseline control can then be tied into the appropriate vertical and horizontal datum, such as 
the National Geodetic Vertical Datum of 1929 and the State Plane Coordinate System. At a minimum, the 
elevation of the top of the inner casing used for water-level measurements should be measured to the nearest 
0.01 foot.  Elevations will be established in relation to the National Geodetic Vertical Datum of 1929.  A 
permanent mark will be placed on top of the inner casing to mark the point for water-level measurements. 
 
IX. Quality Assurance 
 
All drilling equipment and associated tools (including augers, drill rods, sampling equipment, wrenches, and any 
other equipment or tools) that may have come in contact with soil will be cleaned in accordance with the 
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procedures outlined in the Field Equipment Cleaning-Decontamination SOP.  Well materials will also be cleaned 
prior to well installation. 
 
X. References 
 
American Society of Testing and Materials (ASTM) D 1586 - Standard Test Method for Penetration Test and 
Split-Barrel Sampling of Soils.   
 



DD 
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Standard Operating Procedure: Monitoring Well Development 
 
 
I. Scope and Application  
 
Monitoring wells (or piezometers, well points, or micro-wells) will be developed to clear them of fine-grained 
sediment and any drilling fluids that may have been used during well installation, and enhance the hydraulic 
connection between the well and the surrounding geologic formation.  Development will be accomplished by 
evacuating well water by either pumping or bailing.  Prior to pumping or bailing, the screened interval will be 
gently surged using a surge block, bailer, or inertial pump with surge-block fitting.  In addition, sediment 
accumulated in the bottom of the well will be removed by bailing with a bottom-loading bailer. 
 
Pumping methods will be selected based on site-specific geologic conditions, anticipated well yield, water table 
depth, and groundwater monitoring objectives, and may include one or more of the following: 
 
• submersible pump; 
• inertial pump (Waterra™ pump); 
• bladder pump; 
• peristaltic pump; and 
• centrifugal pump. 
 
When developing a well using the pumping method, the pump (or, with inertial pumps, the tubing) is lowered to 
the screened portion of the well.  During purging, the pump or tubing will be moved up and down the screened 
interval until the well yields relatively clear water. 
 
Submersible pumps have a motor-driven impeller that pushes the water discharge tubing to the ground surface.  
Inertial pumps have a check valve at the bottom of stiff tubing which, when operated up and down, lifts water to 
the ground surface.  Bladder pumps have a bottom check valve and a flexible internal bladder that fills from 
below and is then compressed using pressurized air to force water out the top of the bladder through the 
discharge tubing to the ground surface.  These three types of pumps have a wide range of applicability in terms 
of well depth and water depth.  Centrifugal and peristaltic pumps use atmospheric pressure to lift water from the 
well, and therefore can only be practically used where the depth to water is less than 25 feet.   
 
II. Personnel Qualifications 
 
Monitoring well development activities will be performed by persons who have been trained in proper well 
development procedures under the guidance of an experienced field geologist, engineer, or technician. 
 
III. Equipment List 
 
Materials for monitoring well development using a pump include: 
 
• health and safety equipment, as required by the site Health and Safety Plan (HASP); 
• cleaning equipment; 
• photoionization detector (PID) to measure headspace vapors; 
• pump; 
• polyethylene pump discharge tubing; 
• plastic sheeting; 
• power source (generator or battery); 
• field notebook; 
• graduated pails; 
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• appropriate containers; and 
• monitoring well keys. 
 
Materials for monitoring well development using a bailer include: 
 
• personal protective equipment (PPE) as required by the HASP; 
• cleaning equipment; 
• PID to measure headspace vapors; 
• bottom-loading bailer, sand bailer; 
• polypropylene or nylon rope; 
• plastic sheeting; 
• graduated pails; 
• appropriate containers; and 
• keys to wells. 
 
IV. Cautions 
 
Where surging is performed to assist in removing fine-grained material from the sand pack, surging must be 
performed in a gentle manner.  Excessive suction could promote fine-grained sediment entry into the outside of 
the sand pack from the formation. 
 
V. Health and Safety Considerations 
 
Field activities associated with monitoring well development will be performed in accordance with a site-specific 
HASP, a copy of which will be present on site during such activities. 
 
VI. Procedure 
 
1. The procedures for monitoring well development are described below.  (Note: Steps 6, 7, and 9 can be 

performed contemporaneously using an inertial pump with a surge-block fitting.) 
 
2. Don appropriate PPE (as required by the HASP). 
 
3. Place plastic sheeting around the well. 
 
4. Clean all equipment entering each monitoring well, except for new, disposable materials that have not been 

previously used. 
 
5. Open the well cover while standing upwind of the well, remove well cap.  Insert PID probe approximately 4 

to 6 inches into the casing or the well headspace and cover with gloved hand.  Record the PID reading in 
the field notebook.  If the well headspace reading is less than 5 PID units, proceed; if the headspace reading 
is greater than 5 PID units, screen the air within the breathing zone. If the PID reading in the breathing zone 
is below 5 PID units, proceed.  If the PID reading is above 5 PID units, move upwind from well for 5 minutes 
to allow the volatiles to dissipate.  Repeat the breathing zone test.  If the reading is still above 5 PID units, 
don the appropriate respiratory protection in accordance with the requirements of the HASP.  Record all PID 
readings.   

 
6. Obtain an initial measurement of the depth-to-water and the total well depth from the reference point at the 

top of the well casing. 
 
7. Lower a surge block or bailer into the screened portion of the well.  Gently raise and lower the surge block 

or bailer within the screened interval of the well to force water in and out of the screen slots and sand pack.  
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Continue surging for 15 to 30 minutes. Note that this step is optional but recommended for all new 
wells/piezometers, particularly in formations with a relatively high content of fine-grained material. 

 
8. Lower a bottom-loading bailer to the bottom of the well and gently bounce the bailer on the bottom of the 

well to collect accumulated sediment, if any.  Remove and empty the bailer.  Repeat until the bailed water is 
free of excessive sediment and the bottom of the well feels solid. 

 
9. After surging the well and removing excess accumulated sediment from the bottom of the well, re-measure 

the depth-to-water and the total well depth from the reference point at the top of the well casing. 
 
10. Remove formation water by pumping or bailing.  Where pumping is used, measure and record the pre-

pumping water level.  Operate the pump at a relatively constant rate.  Measure the pumping rate using a 
calibrated container and stop watch.  Measure and record the water level in the well at least once every 5 
minutes during pumping.  Note any relevant observations in terms of water color, visual level of turbidity, 
sheen, odors, etc.  Pump or bail for 30 to 60 minutes or until termination criteria specified in the Work Plan 
or Field Sampling Plan (FSP) are reached.  Record the total volume of water purged from the well. 

 
11. If the well goes dry, stop pumping or bailing and allow well to recover.  Resume pumping or bailing when 

sufficient water has recharged the well. 
 
12. Contain all water in appropriate containers. 
 
13. When complete, secure the lid back on the well. 
 
14. Place disposable materials in plastic bags for appropriate disposal and decontaminate reusable, downhole 

pump components and/or bailer. 
 
VII. Waste Management 
 
Materials generated during monitoring well installation and development will be placed in appropriate containers.  
Containerized waste will be disposed of by the client. 
 
VIII. Data Recording and Management 
 
Well development activities will be documented in a proper field notebook.  Pertinent information will include 
personnel present on site; times of arrival and departure; significant weather conditions; timing of well 
development activities; development method(s); observations of purge water color, turbidity, odor, sheen, etc.; 
purge rate; and water levels before and during pumping. 
 

 
IX. Quality Assurance 
 
All reused, non-disposable, downhole well development equipment will be cleaned in accordance with the 
procedures outlined in the Field Equipment Cleaning-Decontamination SOP. 
 
X. References 
 
Not Applicable. 



 

 
  
3/3/11  
G:\DIV11\DOC11\B0046918_0041111100_95 Percent Design Report_AppA_AttachA SOP - Low-Flow GW Purging and Sampling.doc 1 

SOP: Low-Flow Groundwater Purging and 
Sampling Procedures for Monitoring Wells 

Rev. #: 1 
Rev Date:  July 31, 2007 

Standard Operating Procedure: Low-Flow Groundwater Purging 
and Sampling Procedures for Monitoring Wells 
 
 
I. Scope and Application  
 
Groundwater samples will be collected from monitoring wells to evaluate groundwater quality. The protocol 
presented in this standard operating procedure (SOP) describes the procedures to be used to purge monitoring 
wells and collect groundwater samples. This protocol has been developed in accordance with the United States 
Environmental Protection Agency (USEPA) Region I Low Stress (Low Flow) Purging and Sampling Procedures 
for the Collection of Groundwater Samples from Monitoring Wells (USEPA SOP No. GW0001; July 30, 1996).  
Both filtered and unfiltered groundwater samples may be collected using this low-flow sampling method.  
Filtered samples will be obtained using a 0.45-micron disposable filter. No wells will be sampled until well 
development has been performed in accordance with the procedures presented in the SOP titled Monitoring 
Well Development, unless that well has been sampled or developed within the prior 1-year time period. 
Groundwater samples will not be collected within 1 week following well development. 
 
II. Personnel Qualifications 
 
Low-flow groundwater purging and sampling activities will be performed by persons who have been trained in 
proper well sampling procedures under the guidance of an experienced field geologist, engineer, or technician.  
Field personnel will have undergone in-field training in terms of sampling procedures. 
 
 
III. Equipment List 
 
Specific to this activity, the following materials (or equivalent) will be available: 
 
• Health and safety equipment (as required in the site Health and Safety Plan [HASP]). 
 
• Site Plan, well construction records, prior groundwater sampling records (if available). 
 
• Sampling pump, which may consist of one or more of the following: 
 

- submersible pump (e.g., Grundfos Redi-Flo 2); 
- peristaltic pump (e.g., ISCO Model 150); and/or 
- bladder pump (e.g., Marschalk System 1). 

 
• Teflon® tubing or polyethylene tubing of an appropriate size for the pump being used. For peristaltic 

pumps, dedicated Tygon® tubing (or other type as specified by the manufacturer) will also be used 
through the pump apparatus.   

 
• Water-level probe (e.g., Solinst Model 101). 
 
• Water-quality (temperature/pH/specific conductivity/ORP/turbidity/dissolved oxygen) meter and flow-

through measurement cell. Several brands may be used, including: 
 

- YSI 6-Series Multi-Parameter Instrument; 
- Hydrolab Series 3 or Series 4a Multiprobe and Display; and/or 
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• Supplemental turbidity meter (e.g., Horiba U-10 or Hach 2100P). Turbidity measurements collected with 
multi-parameter meters have been shown to sometimes be unreliable due to fouling of the optic lens of the 
turbidity meter within the flow-through cell. A supplemental turbidity meter will be used to verify turbidity 
data during purging if such fouling is suspected.  Note that industry improvements may eliminate the need 
for these supplemental measurements in the future. 

 
• Appropriate water sample containers (supplied by the laboratory). 
 
• Appropriate blanks (trip blank supplied by the laboratory). 
 
• 0.45-micron disposable filters. 
 
• Large glass mixing container.  
 
• Teflon® stirring rod. 
 
• Cleaning equipment. 
 
• Groundwater sampling log (attached) or bound field logbook. 
 
Note that in the future, the client may acquire different makes/models of some of this equipment if the listed 
makes/models are no longer available, or as a result of general upgrades or additional equipment acquisitions.  
In the event that the client uses a different make/model of the equipment listed, the client will use an equivalent 
type of equipment (e.g., pumps, flow-through analytical cells) and note the specific make/model of the 
equipment used during a sampling event on the groundwater sampling log.  In addition, should the client desire 
to change to a markedly different sampling methodology (e.g., discrete interval samplers, passive diffusion 
bags, or a yet to be developed technique), the client will submit a proposed SOP for the new methodology for 
USEPA approval prior to implementing such a change. 
 
The maintenance requirements for the above equipment generally involve decontamination or periodic cleaning, 
battery charging, and proper storage, as specified by the manufacturer. For operational difficulties, the 
equipment will be serviced by a qualified technician. 
 
IV. Cautions 
 
If heavy precipitation occurs and no cover over the sampling area and monitoring well can be erected, sampling 
must be discontinued until adequate cover is provided.  Rain water could contaminate groundwater samples. 
 
Do not use permanent marker or felt-tip pens for labels on sample container or sample coolers – use indelible 
ink.  The permanent markers could introduce volatile constituents into the samples. 
 
It may be necessary to field filter some parameters (e.g., metals) prior to collection, depending on preservation, 
analytical method, and project quality objectives. 
 
Check monitoring well logs for use of bentonite pellets. Make note of potential use of bentonite pellets on the 
groundwater sampling log.  Coated bentonite pellets have been found to contaminate monitoring wells. 
 
Store and/or stage empty and full sample containers and coolers out of direct sunlight. 
 
To mitigate potential cross-contamination, groundwater samples are to be collected in a pre-determined order 
from least impacted to impacted based on previous analytical data. If no analytical data are available, samples 
are collected in order of upgradient, then furthest downgradient to source area locations. 
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Be careful not to over-tighten lids with Teflon liners or septa (e.g., 40 mL vials).  Over-tightening can impair the 
integrity of the seal. 
 
V. Health and Safety Considerations 
 
Field activities associated with groundwater purging and sampling will be performed in accordance with a site-
specific HASP, a copy of which will be present on site during such activities.  If thunder or lighting is present, 
discontinue sampling until 30 minutes have passed after the last occurrence of thunder or lighting. 
 
VI. Procedure 
 
Groundwater will be purged from the wells using an appropriate pump.  Peristaltic pumps will initially be used to 
purge and sample all wells. If the depth to water is below the sampling range of a peristaltic pump 
(approximately 25 feet), submersible pumps or bladder pumps will be used provided the well is constructed with 
a casing diameter greater than or equal to 2 inches (the minimum well diameter capable of accommodating 
such pumps).  For smaller diameter wells where the depth to water is below the sampling range of a peristaltic 
pump, alternative sampling methods (i.e., bailing) will be used to purge and sample the groundwater.  Purge 
water will be collected and containerized. 
 
1. Calibrate field instruments according to procedures for calibration. 
 
2. Measure initial depth to groundwater prior to placement of pumps.  If a submersible or bladder pump is 

being used, slowly lower pump, safety cable, tubing, and electrical lines into the well to a depth 
corresponding to the approximate center of the saturated screen section of the well. If a peristaltic pump is 
being used, slowly lower the sampling tubing into the well to a depth corresponding to the approximate 
center of the saturated screen section of the well. The pump intake or sampling tube must be kept at least 
2 feet above the bottom of the well to prevent mobilization of any sediment present in the bottom of the 
well. 

 
3. Measure the water level again with the pump in the well before starting the pump. Start pumping the well 

at 200 to 500 milliliters (mL) per minute. The pump rate should be adjusted to cause little or no water level 
drawdown in the well (less than 0.3 feet below the initial static depth to water measurement) and the water 
level should stabilize. The water level should be monitored every 3 to 5 minutes (or as appropriate) during 
pumping if the well diameter is of sufficient size to allow such monitoring. Care should be taken not to 
break pump suction or cause entrainment of air in the sample. Record pumping rate adjustments and 
depths to water. If necessary, pumping rates should be reduced to the minimum capabilities of the pump 
to avoid pumping the well dry and/or to stabilize indicator parameters. A steady flow rate should be 
maintained to the extent practicable. Groundwater sampling records from previous sampling events (if 
available) should be examined to estimate the optimum pumping rate and anticipated drawdown for the 
well in order to more efficiently reach a stabilized pumping condition. 

 
If the recharge rate of the well is very low, alternative purging techniques should be used, which will vary 
based on the well construction and screen position.  For wells screened across the water table, the well 
should be pumped dry and sampling should commence as soon as the volume in the well has recovered 
sufficiently to permit collection of samples. For wells screened entirely below the water table, the well 
should be pumped until a stabilized level (which may be below the maximum displacement goal of 0.3 
feet) can be maintained and monitoring for stabilization of field indicator parameters can commence. If a 
lower stabilization level cannot be maintained, the well should be pumped until the drawdown is at a level 
slightly higher than the bentonite seal above the well screen. Sampling should commence after one well 
volume has been removed and the well has recovered sufficiently to permit collection of samples.  

 
During purging, monitor the field indicator parameters (e.g., turbidity, temperature, specific conductance, 
pH, etc.) every 3 to 5 minutes (or as appropriate).  Field indicator parameters will be measured using a 
flow-through analytical cell or a clean container such as a glass beaker.  Record field indicator parameters 
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on the groundwater sampling log.  The well is considered stabilized and ready for sample collection when 
turbidity values remain within 10% (or within 1 NTU if the turbidity reading is less than 10 NTU), the 
specific conductance and temperature values remain within 3%, and pH remains within 0.1 units for three 
consecutive readings collected at 3- to 5-minute intervals. If the field indicator parameters do not stabilize 
within 1 hour of the start of purging, but the groundwater turbidity is below the goal of 50 NTU and the 
values for all other parameters are within 10%, the well can be sampled.  If the parameters have stabilized 
but the turbidity is not in the range of the 50 NTU goal, the pump flow rate should be decreased to a 
minimum rate of 100 mL/min to reduce turbidity levels as low as possible. If dissolved oxygen values are 
not within acceptable range for the temperature of groundwater (Attachment 1), then check for and remove 
air bubbles on probe or in tubing. 
 
During extreme weather conditions, stabilization of field indicator parameters may be difficult to obtain. 
Modifications to the sampling procedures to alleviate these conditions (e.g., measuring the water 
temperature in the well adjacent to the pump intake) will be documented in the field notes. If other field 
conditions exist that preclude stabilization of certain parameters, an explanation of why the parameters did 
not stabilize will also be documented in the field logbook.   

 
4. Complete the sample label and cover the label with clear packing tape to secure the label onto the 

container. 
 
5. After the indicator parameters have stabilized, collect groundwater samples by diverting flow out of the 

unfiltered discharge tubing into the appropriate labeled sample container.  If a flow-through analytical cell 
is being used to measure field parameters, the flow-through cell should be disconnected after stabilization 
of the field indicator parameters and prior to groundwater sample collection. Under no circumstances 
should analytical samples be collected from the discharge of the flow-through cell. When the container is 
full, tightly screw on the cap. Samples should be collected in the following order: VOCs, TOC, SVOCs, 
metals and cyanide, and others. 

 
6. If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered sample will be collected.  

Install an in-line, disposable 0.45-micron particle filter on the discharge tubing after the appropriate 
unfiltered groundwater sample has been collected. Continue to run the pump until an initial volume of 
“flush” water has been run through the filter in accordance with the manufacturer’s directions (generally 
100 to 300 mL). Collect filtered groundwater sample by diverting flow out of the filter into the appropriately 
labeled sample container.  When the container is full, tightly screw on the cap. 

 
7. Secure with packing material and store at 4°C in an insulated transport container provided by the 

laboratory. 
 
8. Record on the groundwater sampling log or bound field logbook the time sampling procedures were 

completed, any pertinent observations of the sample (e.g., physical appearance, and the presence or lack 
of odors or sheens), and the values of the stabilized field indicator parameters as measured during the 
final reading during purging. 

 
9. Remove pump and tubing from well, secure well, properly dispose of personal protective equipment (PPE) 

and disposable equipment. 
 
10. If tubing is to be dedicated to a well, it should be folded to a length that will allow the well to be capped and 

also facilitate retrieval of the tubing during later sampling events.  A length of rope or string should be used 
to tie the tubing to the well cap. 

 
11. Complete the procedures for packaging, shipping, and handling with associated chain-of-custody. 
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12. Complete cleaning procedures for flow-through analytical cell and submersible pump, as appropriate. 
 
13. At the end of the day, perform calibration check of field instruments. 
 
If it is not technically feasible to use the low-flow sampling method, purging and sampling of monitoring wells 
may be conducted using the bailer method as outlined below: 
 
1. Don appropriate PPE (as required by the HASP). 
 
2. Place plastic sheeting around the well. 
 
3. Clean sampling equipment. 
 
4. Open the well cover while standing upwind of the well.  Remove well cap and place on the plastic 

sheeting. Insert PID probe approximately 4 to 6 inches into the casing or the well headspace and cover 
with gloved hand.  Record the PID reading in the field log.  If the well headspace reading is less than 5 PID 
units, proceed; if the headspace reading is greater than 5 PID units, screen the air within the breathing 
zone. If the breathing zone reading is less than 5 PID units, proceed.  If the PID reading in the breathing 
zone is above 5 PID units, move upwind from well for 5 minutes to allow the volatiles to dissipate. Repeat 
the breathing zone test. If the reading is still above 5 PID units, don appropriate respiratory protection in 
accordance with the requirements of the HASP.  Record all PID readings.  For wells that are part of the 
regular weekly monitoring program and prior PID measurements have not resulted in a breathing zone 
reading above 5 PID units, PID measurements will be taken monthly. 

 
5. Measure the depth to water and determine depth of well by examining drilling log data or by direct 

measurement. Calculate the volume of water in the well (in gallons) by using the length of the water 
column (in feet), multiplying by 0.163 for a 2-inch well or by 0.653 for a 4-inch well.  For other well 
diameters, use the formula:  

 
Volume (in gallons) = π TIMES well radius (in feet) squared TIMES length of water column (in feet) 
TIMES 7.481 (gallons per cubic foot) 

 
6. Measure a length of rope at least 10 feet greater than the total depth of the well.  Secure one end of the 

rope to the well casing and secure the other end to the bailer. Test the knots and make sure the rope will 
not loosen. Check bailers so that all parts are intact and will not be lost in the well. 

 
7. Lower bailer, submersible pump, or peristaltic pump tubing (whichever is applicable) into well and remove 

one well volume of water.  Contain all water in appropriate containers. 
 
8. Monitor the field indicator parameters (e.g., turbidity, temperature, specific conductance, and pH).  

Measure field indicator parameters using a clean container such as a glass beaker or sampling cups 
provided with the instrument. Record field indicator parameters on the groundwater sampling log. 

 
9. Repeat Steps 7 and 8 until three or four well volumes have been removed. Examine the field indicator 

parameter data to determine if the parameters have stabilized. The well is considered stabilized and ready 
for sample collection when turbidity values remain within 10% (or within 1 NTU if the turbidity reading is 
less than 10 NTU), the specific conductance and temperature values remain within 3%, and pH remains 
within 0.1 units for three consecutive readings collected once per well volume removed.  
 

10. If the field indicator parameters have not stabilized, remove a maximum of five well volumes prior to 
sample collection. Alternatively, five well volumes may be removed without measuring the field indicator 
parameters. 
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11. If the recharge rate of the well is very low, wells screened across the water table may be bailed dry and 
sampling should commence as soon as the volume in the well has recovered sufficiently to permit 
collection of samples.  For wells screened entirely below the water table, the well should only be bailed 
down to a level slightly higher than the bentonite seal above the well screen. The well should not be bailed 
completely dry, to maintain the integrity of the seal. Sampling should commence as soon as the well 
volume has recovered sufficiently to permit sample collection.   

 
12. Following purging, allow water level in well to recharge to a sufficient level to permit sample collection. 
 
13. Complete the sample label and cover the label with clear packing tape to secure the label onto the 

container. 
 
14. Slowly lower the bailer into the screened portion of the well and carefully retrieve a filled bailer from the 

well causing minimal disturbance to the water and any sediment in the well. 
 
15. The sample collection order (as appropriate) will be as follows: 
 

a. VOCs; 
b TOC; 
c. SVOCs; 
d. metals and cyanide; and 
e. others. 

 
16. When sampling for volatiles, collect water samples directly from the bailer into 40-mL vials with Teflon®-

lined septa. 
 
17. For other analytical samples, remove the cap from the large glass mixing container and slowly empty the 

bailer into the large glass mixing container.  The sample for dissolved metals and/or filtered PCBs should 
either be placed directly from the bailer into a pressure filter apparatus or pumped directly from the bailer 
with a peristaltic pump, through an in-line filter, into the pre-preserved sample bottle. 

 
18. Continue collecting samples until the mixing container contains a sufficient volume for all laboratory 

samples. 
 
19. Mix the entire sample volume with the Teflon® stirring rod and transfer the appropriate volume into the 

laboratory jar(s).  Secure the sample jar cap(s) tightly. 
 
20. If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered sample will be collected. 

Sample filtration for the filtered sample will be performed in the field using a peristaltic pump prior to 
preservation. Install new medical-grade silicone tubing in the pump head. Place new Teflon® tubing into 
the sample mixing container and attach to the intake side of pump tubing.  Attach (clamp) a new 0.45-
micron filter (note the filter flow direction). Turn the pump on and dispense the filtered liquid directly into 
the laboratory sample bottles. 

 
21. Secure with packing material and store at 4°C in an insulated transport container provided by the 

laboratory.  
 
22. After sample containers have been filled, remove one additional volume of groundwater.  Measure the pH, 

temperature, turbidity, and conductivity.  Record on the groundwater sampling log or bound field logbook 
the time sampling procedures were completed, any pertinent observations of the sample (e.g., physical 
appearance, and the presence or lack of odors or sheens), and the values of the field indicator 
parameters. 
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23. Remove bailer from well, secure well, and properly dispose of PPE and disposable equipment. 
 
24. If a bailer is to be dedicated to a well, it should be secured inside the well above the water table, if 

possible.  Dedicated bailers should be tied to the well cap so that inadvertent loss of the bailer will not 
occur when the well is opened.   

 
25. Complete the procedures for packaging, shipping, and handling with associated chain-of-custody. 
 
VII. Waste Management 
 
Materials generated during groundwater sampling activities, including disposable equipment, will be placed in 
appropriate containers.  Containerized waste will be disposed of by the client consistent with the procedures 
identified in the HASP. 
 
VIII. Data Recording and Management 
 
Sampling activities will be documented in a proper field notebook.  Pertinent information will include personnel 
present on site; times of arrival and departure; significant weather conditions; timing of well sampling activities; 
observations of purge water color, turbidity, odor, sheen, etc.; purge rate; water levels before and during 
pumping; field parameters measured; sampling method used and analytical samples collected.  Initial field logs 
and chain-of-custody records will be transmitted to the ARCADIS BBL PM at the end of each day unless 
otherwise directed by the PM.  The groundwater team leader retains copies of the groundwater sampling logs. 
 
 
IX. Quality Assurance 
 
In addition to the quality control samples to be collected in accordance with this SOP, the following quality 
control procedures should be observed in the field: 
 
• Collect samples from monitoring wells in order of increasing concentration, to the extent known. 
 
• Equipment blanks should include the pump and tubing (if using disposable tubing) or the pump only (if 

using tubing dedicated to each well). 
 
• Collect equipment blanks after wells with higher concentrations (if known) have been sampled. 
 
• Operate all monitoring instrumentation in accordance with manufacturer’s instructions and calibration 

procedures.  Calibrate instruments at the beginning of each day and verify the calibration at the end of 
each day. 

 
• Clean all groundwater sampling equipment prior to use in the first well and after each subsequent well 

using procedures for equipment decontamination. 
 
X. References 
 
United States Environmental Protection Agency (USEPA) Region I Low Stress (Low Flow) Purging and 
Sampling Procedures for the Collection of Groundwater Samples from Monitoring Wells (USEPA SOP No. 
GW0001; July 30, 1996). 
 
USEPA. 1986. RCRA Groundwater Monitoring Technical Enforcement Guidance Document (September 1986).  
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USEPA. 1991. Handbook Groundwater, Volume ii Methodology, Office of Research and Development, 
Washington, DC. USEPN62S, /6-90/016b (July, 1991). 

 
U.S. Geological Survey (USGS). 1977. National Handbook of Recommended Methods for Water-Data 

Acquisition: USGS Office of Water Data Coordination. Reston, Virginia. 
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Standard Operating Procedure: Chain-of-Custody, 
Handling, Packing, and Shipping 
 
 
I. Scope and Application  
 
This Standard Operating Procedure (SOP) describes the chain-of-custody, handling, packing, and shipping 
procedures for the delivery of samples that are protected from cross-contamination, tampering, mis-
identification, and breakage, and are maintained in a controlled environment from the time of collection until 
receipt by the analytical laboratory. 
 
II. Personnel Qualifications 
 
BBL field sampling personnel will have current health and safety training, including 40-hour HAZWOPER 
training, site supervisor training, and site-specific training, as needed.  In addition, BBL field sampling personnel 
will be versed in the relevant SOPs and possess the skills and experience necessary to successfully complete 
the desired field work. 
 
III. Equipment List   
 
The following materials, as required, will be available during chain-of-custody, handling, packing, and shipping 
procedures: 
 
• indelible ink pens; 
• polyethylene bags (resealable-type); 
• clear packing tape, strapping tape, duct tape; 
• custody seal evidence tape; 
• appropriate sample containers, labels, and chain-of-custody forms; 
• large (30 to 40 gallon) insulated coolers; 
• ice; 
• cushioning and absorbent material (i.e., vermiculite); 
• thermometer; and 
• field notebook. 
 
IV. Cautions 
 
If methanol preservation is used in soil samples, shipping containers must not exceed 500 mL total volume of 
methanol and must be labeled “This package conforms to 49 CFR 173.4.” 
 
V. Health and Safety Considerations 
 
Follow health and safety procedures outlined in the site Health and Safety Plan (HASP). 
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VI. Procedures 

 
Chain-of-Custody Procedures 
 
1. Prior to collecting samples, complete the chain-of-custody record (Attachment 1 or laboratory equivalent) 

header information by filling in the project number, project name, and the name(s) of the sampling 
technician(s).  Please note it is important that chain-of-custody information is printed legibly using indelible 
ink.  

 
2. After sample collection, enter the individual sample information by filling in the following chain-of-custody 

fields: 
 

a. STA. NO.  Indicates the station number or location that the sample was collected from.  Appropriate 
values for this field include well locations, grid points, or soil boring identification numbers (e.g., MW-3, 
X-20, SB-30). 

 
b. Date.  Indicates the date the sample was collected.  The date format to be followed should be 

mm/dd/yyyy (e.g., 03/07/2005). 
 
c. Time.  Indicates the time the sample was collected.  The time value should be presented using military 

format.  For example, 3:15 P.M. should be entered as 15:15. 
 
d. Comp.  This field should be marked with an “X” if the sample was collected as a composite. 
 
e. Grab. This field should be marked with an “X” if the sample was collected as an individual grab sample. 
 
f. Station Location.  This field should represent the complete sample name; although in some instances, 

it may be similar to the “STA. NO.” field.  An example of a complete sample name is “SB-3 (0.5-1.0),” 
where the 0.5-1.0 represents the depth interval in feet from where the sample was collected.  Please 
note it is very important that the use of hyphens in sample names and depth units (i.e., feet or inches) 
remain consistent for all samples entered on the chain-of-custody form.  Sample names may also use 
the abbreviations “MS/MSD,” “FB,” “TB,” and “DUP” as prefixes or suffixes to indicate that the sample is 
a matrix spike/matrix spike duplicate, field blank, trip blank, or field duplicate, respectively. 

 
g. Number of Containers. This field represents the number of containers collected at the sampling 

location to be submitted for analysis. 
 
h. Analytical Parameters. The analytical parameters that the samples are being analyzed for should be 

written legibly on the diagonal lines to the right of the “number of containers” column.  As much detail as 
possible should be presented to allow the analytical laboratory to properly analyze the samples.  For 
example, polychlorinated biphenyl (PCB) analyses may be represented by entering “PCBs” or “Method 
8082.”  Multiple methods and/or analytical parameters may be combined for each column (e.g., 
PCBs/VOCs/SVOCs or 8082/8260/8270).  These columns should also be used to present project-
specific parameter lists (e.g., Appendix IX+3 target analyte list or MADEP SW-846).  Quality 
assurance/quality control (QA/QC) information may also be entered in a separate column for each 
parameter (e.g., PCBs - MS/MSD) to identify a sample that the laboratory is to use for a specific QA/QC 
requirement.  Each sample that requires a particular parameter analysis will be identified by placing an 
“X” in the appropriate analytical parameter column. 

 
i. Remarks. The remarks field should be used to communicate special analytical requirements to the 

laboratory.  These requirements may be on a per sample basis such as “extract and hold sample until 
notified,” or may be used to inform the laboratory of special reporting requirements for the entire sample 
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delivery group (SDG).  Reporting requirements that should be specified in the remarks column include: 
1) turnaround time; 2) contact and address where data reports should be sent; 3) name of laboratory 
project manager; and 4) type of sample preservation used. 

 
j. Relinquished By.  This field should contain the signature of the sampling technician who relinquished 

custody of the samples to the shipping courier or the analytical laboratory. 
 
k. Date.  Indicates the date the samples were relinquished.  The date format should be mm/dd/yyyy (e.g., 

03/07/2005). 
 
l. Time.  Indicates the time the samples were relinquished.  The time value should be presented using 

military format.  For example, 3:15 P.M. should be entered as 15:15. 
 
m. Received By. This field should contain the signature of the sample courier or laboratory representative 

who received the samples from the sampling technician. 
 
3. Complete as many chain-of-custody forms as necessary to properly document the collection and transfer of 

the samples to the analytical laboratory. 
 
4. Upon completing the chain-of-custody forms, forward two copies to the analytical laboratory and retain one 

copy for the field records.   
 
Handling Procedures 
 
1. After completing the sample collection procedures, record the following information in the field notebook with 

indelible ink: 
 

• project number and site name; 
• sample identification code and other sample identification information, if appropriate; 
• sampling method; 
• date; 
• name of sampler(s); 
• time; 
• location (project reference); and 
• any comments. 

 
2. Fill in sample label with the following information in indelible ink: 

• sample type (e.g., surface water); 
• project number and site name; 
• sample identification code and other sample identification information, if applicable; 
• analysis required; 
• date; 
• time sampled; 
• initials of sampling personnel; 
• sample type (composite or discrete); 
• tissue preparation procedure (biota; e.g., fillets, whole body), if applicable; and 
• preservative added, if applicable. 

 
3. Cover the label with clear packing tape to secure the label onto the container. 
 
4. Check the caps on the sample containers to seal them tightly. 
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5. Wrap the sample container cap with clear packing tape to prevent it from becoming loose. 
 
6. Place a signed custody seal label over the cap such that the cap cannot be removed without breaking the 

custody seal.  Alternatively, if shipping several containers in a cooler, custody seal evidence tape may be 
placed on the shipping container as described below. 

 
Packing Procedures 
 
1. Using duct tape, secure the outside and inside of the drain plug at the bottom of the cooler being used for 

sample transport. 
 
2. Place each container or package in individual polyethylene bags (resealable-type) and seal.  If a cooler 

temperature blank is supplied by the laboratory, it should be packaged following the same procedures as 
the samples.  If the laboratory did not include a temperature blank, do not add one since the sample 
temperature will be determined by the laboratory using a calibrated infrared thermometer. 

 
3. Place 1 to 2 inches of cushioning material (i.e., vermiculite) at the bottom of the cooler. 
 
4. Place the sealed sample containers upright in the cooler. 
 
5. Package ice or blue ice in small resealable-type plastic bags and place loosely in the cooler.  Do not pack 

ice so tightly that it may prevent the addition of sufficient cushioning material.  Samples placed on ice will be 
cooled to and maintained at a temperature of approximately 4°C. 

 
6. Fill the remaining space in the cooler with cushioning/absorbent material.  The cooler must be securely 

packed and cushioned in an upright position and be surrounded by a sorbent material capable of absorbing 
spills from leaks or breakage of sample containers.  (Note:  to comply with 49 CFR 173.4, filled cooler must 
not exceed 64 pounds). 

 
7. Place the completed chain-of-custody record(s) in a large resealable-type bag and tape the bag to the inside 

of the cooler lid. 
 
8. Close the lid of the cooler and fasten with packing tape. 
 
9. Wrap strapping tape around both ends of the cooler. 
 
10. Mark the cooler on the outside with the following information: shipping address, return address, “Fragile, 

Handle with Care” labels on the top and on one side, and arrows indicating “This Side Up” on two adjacent 
sides. 

 
11. Place custody seal evidence tape over front right and back left of the cooler lid and cover with clear plastic 

tape. 
 
Note: Procedure numbers 2, 3, 5, and 6 may be modified in cases where laboratories provide customized 

shipping coolers.  These coolers are designed so the sample bottles and ice packs fit snugly within 
preformed styrofoam cushioning and insulating packing material. 
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Shipping Procedures 
 
1. All samples will be delivered by an express carrier within 48 hours of sample collection. Alternatively, a 

laboratory courier may be used for sample pickup.  If parameters with short holding times are being 
analyzed (e.g., VOCs [EnCore™ Sampler], nitrate, ortho-phosphate [dissolved], and BOD), sampling 
personnel will take precautions so that the maximum holding times for these parameters will not be 
exceeded. 

 
2. The following chain-of-custody procedures will apply to sample shipping: 
 

• Relinquish the sample containers to the laboratory via express carrier or laboratory courier. The signed 
and dated forms should be included in the cooler.  The express carrier will not be required to sign the 
chain-of-custody forms. 

 
• When the samples are received by the laboratory, laboratory personnel will complete the chain-of-

custody by recording the date and time of receipt of samples, measuring and recording the internal 
temperature of the shipping container, and checking the sample identification numbers on the 
containers to ensure they correspond with the chain-of-custody forms. 

 
VII. Waste Management 
 
 Not applicable. 
 
VIII. Data Recording and Management 
 
Copies of chain-of-custody forms will be maintained in the project file.   
 
IX. Quality Assurance 
 
Chain-of-custody forms will be filled out in accordance with the Quality Assurance Project Plan (QAPP).  A copy 
of the completed chain-of-custody form forwarded with the samples to the laboratory will be sent to the Project 
Manager for review.  Subsequent chain-of-custody form submissions to the Project Manager will be at the 
Project Manager’s discretion. 
 
X. References 
 
Not applicable. 
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I. Scope and Application  

This standard operating procedure (SOP) describes the procedures for 
decommissioning groundwater monitoring wells.  Monitoring wells may be 
decommissioned when it is found they are no longer suitable for collection of 
groundwater data (i.e., groundwater quality or groundwater elevation) due to damaged 
and/or questionable construction, when they must be removed to avoid interference 
to/from other construction activities in the area, or when groundwater monitoring is no 
longer required at the location. The purpose for decommissioning monitoring wells no 
longer in use is to: 

 Eliminate physical hazards associated with an out-of-use monitoring well; 

 Conserve the yield and hydrostatic head of confining aquifers; 

 Prevent the intermingling of separate aquifers; and 

 Remove a potential conduit for the vertical migration of constituents in 
groundwater along the well casing. 

This SOP covers the decommissioning of single-cased overburden monitoring wells 
when a replacement well will not be installed within the same borehole.  Three 
potential decommissioning methods (i.e., plugging-in-place, casing removal, and 
overdrilling) are described below.   

Although these procedures are generally applicable for the decommissioning of 
double-cased monitoring wells or wells installed within bedrock, in most cases a 
decommissioning strategy should be developed on a well-by well basis.  Additional 
information regarding potential methods to decommission these types of wells may be 
found in ASTM D5299-99 - Standard Guide for Decommissioning of Ground Water 
Wells, Vadose Zone Monitoring Devices, Boreholes, and Other Devices for 
Environmental Activities.  

II. Personnel Qualifications 

The well decommissioning procedures described below will be carefully adhered to 
and conducted under the supervision of an experienced geologist, engineer, or other 
qualified individual. If the overdrilling decommissioning method is utilized, drilling 
activities will be conducted by a registered well driller. 
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III. Equipment List 

The following materials, as required, shall be available during pre-decommissioning 
and decommissioning activities: 

 Site Health and Safety Plan (HASP); 

 Health and safety equipment, as required in the HASP (e.g., air monitoring 
equipment, personal protective equipment); 

 Information concerning the construction of the well to be decommissioned; 

 Appropriate field forms or field notebook; 

 Well keys; 

 Water level probe; 

 Cleaning materials; 

 Drill rig with registered well driller and experienced personnel if the overdrilling 
method is utilized; 

 Tremie pipe; 

 Type I Portland cement; 

 Uncoated bentonite pellets; 

 Potable water; 

 Containers for collecting spoils; and 

 Any necessary specialized well drilling/decommissioning equipment. 

IV. Cautions 

Avoid using drilling fluids or materials that could impact groundwater or soil quality, or 
could be incompatible with the subsurface conditions. 

Water used for over drilling or grouting boreholes upon completion will be of a quality 
acceptable for project objectives. If the water quality is unknown, testing of water 
supply should be considered.    
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Specifications of materials used for backfilling the bore hole will be obtained, reviewed 
and approved to meet project quality objectives. 

No coated bentonite pellets will be used in monitoring well decommissioning, as the 
coating could be a source of contamination. 

V. Health and Safety Considerations 

Health and safety protocols should be described in the site-specific health and safety 
plan.  

VI. Procedures 

Plug-In Place Method 

The plug-in-place method is applicable at locations where available information 
indicates that the annular space contains an adequate seal and vertical migration of 
constituents across a confining layer is not a concern in the well casing and screen 
interval, or if other considerations (e.g., double-cased well construction) preclude 
removal of the well casing.  The well screen is left in place and may be additionally 
perforated, along with the base of the well, to allow the grout seal to penetrate the 
surrounding filter pack.  The decommissioning process will consist of the following 
steps: 

1. Perform a search of available records concerning the well to be 
decommissioned.  The following activities should be performed to identify the 
location, construction, and condition of the well, and to determine the 
appropriate equipment to be utilized based on the depth, diameter, and access 
to the monitoring well: 

 Review the existing monitoring well log to identify construction 
characteristics (e.g., total depth, casing diameter, initial borehole diameter, 
type of casing, type of material(s) used); 

 Locate the monitoring well in the field; 

 Identify if the decommissioning equipment can access the monitoring well 
and/or if special considerations (e.g., construction of an access road) are 
necessary to gain access;  

 Conduct total depth measurements and water level measurements;  
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 Calculate the volume of the well that will need to be filled utilizing field 
measurements and formulas provided above; and 

 Record all observations and measurements. 

2. Remove the protective casing and well casing to a depth of approximately 3 to 4 
feet below ground surface (bgs), if possible. 

3. Perforate the base of the well screen utilizing a length of drilling rod or other 
equipment. 

4. Prepare a neat cement grout.  (Note:  A neat cement grout is preferred for 
application through an in-place well; whereas, a bentonite grout or hydrated 
bentonite pellets may also be considered at locations where the well casing is 
removed or the well is overdrilled). 

5. Place the neat cement grout in the perforated well casing via the tremie method 
(i.e., the grout will be pumped from the bottom of the well upward).  The grout 
will be added until the well is filled to above the top of the well casing remaining 
in place (i.e., typically approximately 3 to 4 feet bgs).  Verify that the amount of 
grout added equals or exceeds the calculated volume of the void to be filled. 

6. The grout will be allowed to set for a minimum of 24 hours and the remainder of 
the borehole will be filled with concrete and/or other surface finish materials (see 
Step 7 below). 

7. Where appropriate, a concrete surface finish will be installed by constructing an 
above-grade concrete slab a minimum of 6 inches thick, with a diameter at least 
2 feet greater than the diameter of the borehole.  If such a concrete surface 
finish is not compatible with the existing land use (e.g., roadway, parking lot, 
residential), the borehole shall be terminated with a minimum 1-foot-thick 
concrete plug above the grout and the remaining portion of the borehole shall be 
filled flush with grade with material(s) compatible with the surrounding land 
surface (e.g., asphalt, gravel, topsoil). 

8. A Well Abandonment Log will be completed.  A state specific Well 
Abandonment Log should be used and submitted to the appropriate state 
agency if required. .    

Casing Removal Method 

The casing removal method is applicable at shallow locations where vertical migration 
of constituents across a confining layer is not a concern and where the integrity of the 



 

6SOP: Monitoring Well Decommissioning
Rev. #: 0 | Rev Date:  July 25, 2010

borehole is reasonably expected to be maintained following removal of the well 
materials. The decommissioning process will consist of the following steps: 

1. Perform a search of available records concerning the well to be 
decommissioned.  The following activities should be performed to identify the 
location, construction, and condition of the well, and determine the appropriate 
equipment to be utilized based on the depth, diameter, and access to the 
monitoring well: 

 Review the existing monitoring well log to identify construction 
characteristics (e.g., total depth, casing diameter, initial borehole diameter, 
type of casing, type of material(s) used); 

 Locate the monitoring well in the field; 

 Identify if the decommissioning equipment can access the monitoring well 
and/or if special considerations (e.g., construction of an access road) are 
necessary to gain access;  

 Conduct total depth measurements and water level measurements;  

 Calculate volume of well that will need to be filled utilizing field 
measurements and formulas provided above; and 

 Record all observations and measurements. 

2. Remove the protective casing, if possible. 

3. Remove the well materials (riser and screen). 

4. Examine removed well materials to ensure that the entire section has been 
removed.  Also ensure that the borehole has not collapsed and that the tremie 
pipe will be able to be inserted to the base of well depth.  Well decommissioning 
should be completed by using the overdrilling method if the well casing is 
broken below grade and cannot be retrieved, or if the tremie pipe will not reach 
the base of the well. 

5. Prepare a neat cement grout or a bentonite grout that is compatible with the soil 
and groundwater conditions present at the monitoring well.  (Note:  A neat 
cement grout or a bentonite grout is preferred for this application. Hydrated 
bentonite pellets may also be considered if the entire well boring is overdrilled, 
using procedures similar to those for abandoning boreholes). 
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6. Place the cement grout in the borehole via tremie method (i.e., the grout will be 
pumped from the bottom of the borehole upward).  The grout will be added until 
the borehole is filled to approximately 3 to 4 feet bgs. Verify that amount of grout 
added equals or exceeds the calculated volume of the void to be filled. 

7. The grout will be allowed to set for a minimum of 24 hours and the remainder of 
the borehole will be filled with concrete and/or other surface finish materials (see 
Step 8 below). 

8. Where appropriate, a concrete surface finish will be installed by constructing an 
above-grade concrete slab a minimum of 6 inches thick, with a diameter at least 
2 feet greater than the diameter of the borehole.  If such a concrete surface 
finish is not compatible with the existing land use (e.g., roadway, parking lot, 
residential), the borehole shall be terminated with a minimum 1-foot-thick 
concrete plug above the grout and the remaining portion of the borehole shall be 
filled flush with grade with material(s) compatible with the surrounding land 
surface (e.g., asphalt, gravel, topsoil). 

A Well Abandonment Log will be completed.  A state specific Well Abandonment Log 
should be used and submitted to the appropriate state agency if required.  

Overdrilling Method 

The overdrilling method is the most conservative decommissioning procedure and 
should be utilized at locations where a well has penetrated a confining layer and there 
is no evidence that the annular space around the well casing was adequately sealed, 
or if attempts to remove the well casing are unsuccessful. The decommissioning 
process will consist of the following steps: 

1. Perform a search of available records concerning the well to be 
decommissioned.  The following activities should be performed to identify the 
location, construction, and condition of the well, and determine the appropriate 
equipment to be utilized based on the depth, diameter, and access to the 
monitoring well: 

 Review the existing monitoring well log to identify construction 
characteristics (e.g., total depth, casing diameter, initial borehole diameter, 
type of casing, type of material(s) used); 

 Locate the monitoring well in the field; 
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 Identify if a drill rig can access the monitoring well and/or if special 
considerations (e.g., construction of an access road) are necessary to 
gain access;  

 Conduct total depth measurements and water level measurements;  

 Calculate the volume of the well/borehole that will need to be filled utilizing 
field measurements and formulas provided above; and 

 Record all observations and measurements. 

2. Remove the protective casing, if possible. 

3. If the protective casing has been removed, advance a hollow-stem auger or 
other drill casing (with an outside diameter larger than the well diameter) over 
the well casing to the bottom of the original borehole. 

4. Prepare a neat cement grout or a bentonite grout that is compatible with the soil 
and groundwater conditions present at the monitoring well.  Alternatively, 
hydrated bentonite pellets may be used to plug the borehole, using procedures 
similar to those for abandoning boreholes. 

5. Place the cement grout in the borehole via tremie method (i.e., the grout will be 
pumped from the bottom of the borehole upward) at the same time the hollow-
stem augers or drill casing are removed from the borehole.  Grout will be added 
until the borehole is filled to approximately 3 to 4 feet bgs. Verify that the amount 
of grout added equals or exceeds the calculated volume of the void to be filled.  
If hydrated bentonite pellets are utilized, measure deposition depth with a 
weighted tape as the hollow-stem augers or drill casing are removed from the 
borehole to ensure that bridging does not occur.  At certain shallow well 
locations installed in competent formations, it may be possible to remove the 
hollow-stem augers or drill casing prior to installing the sealant.  If this is 
attempted, confirmatory measurements must be taken to verify that borehole 
integrity was maintained prior to plugging the hole. 

6. The grout will be allowed to set for a minimum of 24 hours and the remainder of 
the borehole will be filled with concrete and/or other surface finish materials (see 
Step 7 below). 

7. Where appropriate, a concrete surface seal will be installed by constructing an 
above-grade concrete slab a minimum of 6 inches thick, with a diameter at least 
2 feet greater than the diameter of the borehole.  If such a concrete surface seal 
is not compatible with the existing land use (e.g., roadway, parking lot, 
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residential), the borehole shall be terminated with a minimum 1-foot-thick 
concrete plug above the grout and the remaining portion of the borehole shall be 
filled flush with grade with material(s) compatible with the surrounding land 
surface (e.g., asphalt, gravel, topsoil). 

8. A Well Abandonment Log will be completed.  A state specific Well 
Abandonment Log should be used and submitted to the appropriate state 
agency if required.   

Abandoning a Soil Boring 

The following steps for abandoning a soil boring are summarized from ASTM D 5299-
99:  

1. Prepare a neat cement grout using Type I Portland cement and potable water 
mixed according to the following ratios: 
 
One (1) 94-pound bag of Type I Portland cement; and 5.5 gallons potable water. 

2. As soon as the borehole is completed, place a grout pipe (tremie pipe) to the 
bottom of the boring and pump sealing grout slowly through the pipe to displace 
material in the borehole.  Inject grout starting from the bottom of the hole.  Grout 
slowly to prevent channeling of the grout.  As the grouting progresses, slowly 
raise the pipe.  Complete the grouting in one continuous operation, continuing to 
pump grout until overflowing grout is seen at the surface.  The overflowing grout 
should be similar in appearance and characteristics to the grout being pumped 
down the hole. 

3. Grout may settle over a 24-hour period.  After 24 hours, check the grout in the 
borehole for settlement.  If settling has occurred, place additional grout to the 
surface.  When grouting is complete, finish the surface in a manner appropriate 
for final use (e.g., concrete). 

VII. Waste Management 

Waste management protocols should be described in the site-specific work plan.  

VIII. Data Recording and Management 

To assure that a well is properly plugged and there has been no bridging of the 
plugging materials, verification calculations and measurements are required to 
determine whether the volume of material placed in the well/borehole equals or 
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exceeds the volume of the void being filled.  Some useful formulas for calculating well 
and material volumes are provided below. 

 7.481 gallons = 1 cubic foot 

 202.0 gallons = 1 cubic yard 

 Volume of well/borehole (in gallons) = π TIMES well/borehole radius (in feet) 
squared TIMES length of well/borehole (in feet) TIMES 7.481 (gallons per cubic 
foot) 

IX. Quality Assurance 

Quality assurance protocols should be described in the site-specific work plan. 

X. References 

ASTM. D5299-99. Standard Guide for Decommissioning of Ground Water Wells, 
Vadose Zone Monitoring Devices, Boreholes, and Other Devices for Environmental 
Activities. 
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Remediation System 

Former Tappan Terminal Site 
(NYSDEC Site # 360015) 
Hastings-on-Hudson,  
New York 

1. Introduction 

1.1 General 

On behalf of Chevron Environmental Management Company (CEMC), ARCADIS of 
New York, Inc. (ARCADIS) is submitting this Community Air Monitoring Plan (CAMP) to 
the New York State Department of Environmental Conservation (NYSDEC) in 
accordance with the Order on Consent and Administrative Settlement for the former 
Tappan Terminal Site, Village of Hastings-on-Hudson, New York (site). This CAMP 
fulfills the requirements set forth by the New York State Department of Health 
(NYSDOH) Generic Community Air Monitoring Plan, dated June 2000 (Attachment A), 
and the NYSDEC’s Technical and Administrative Guidance Memorandum (TAGM) 
4031, “Fugitive Dust Suppression and Particulate Monitoring Program at Inactive 
Hazardous Waste Sites” (Attachment B). The intent of this CAMP is to provide for a 
measure of protection of the downwind communities from potential airborne releases of 
constituents of concern during Remedial Design activities. As such, this CAMP 
specifies the potential air emissions, air monitoring procedures, monitoring schedule 
and data collection and reporting for the remedial activities to be conducted as 
described below. 

1.2 Site Description 

The site is located on 7.7 acres along the Hudson River waterfront (Figure 1). 
However, the eastern portion of the site (defined as AOC 2), in which the soil hotspot 
removal will take place, is limited to the Uhlich Color Company Property (Uhlich 
Property) located on the eastern half of the site and is bounded by the railroad tracks to 
the east and the former Mobil Terminal Property to the west (Figure 2). Vehicular 
access to the site was formerly via the Zinsser Bridge that crosses the railroad tracks at 
the southeast corner of the site. This bridge has fallen into disrepair and is no longer 
open to vehicular traffic. Both the Former Tappan Terminal Site and Uhlich Property 
are surrounded by a chain-link fence. 

1.3 Summary of Selected Site Remedial Activities 

The proposed remedial actions include soil hotspot removal (completed in 
January/February 2011), the installation of a groundwater remediation system and site 
capping. Site capping will not take place until mid 2011 or 2012, thus, this CAMP 
pertains only to the installation of the groundwater treatment system and the 
associated excavation of an estimated 900 cubic yards of soil. A more detailed 



 

G:\DIV11\DOC12\B0046918_0031211100_Final Design Report_Appendix C-CAMP.doc 2 

Community Air Monitoring 

Plan, Groundwater 

Remediation System 

Former Tappan Terminal Site 
(NYSDEC Site # 360015) 
Hastings-on-Hudson,  
New York 

description of the investigation activities can be found in the 95 Percent Design Report, 
Groundwater Remediation System (ARCADIS, March 2011). 

1.4 Potential Air Emissions Related to Remedial Action Activities 

Certain intrusive remedial activities to be conducted at the site have the potential to 
generate localized impacts to air quality. Such activities include soil excavation, staging 
and amending as well as backfilling of the excavation. Non-intrusive activities that may 
contribute to air quality include loading of soils onto trucks for disposal, equipment 
decontamination and vehicular traffic on the site. 

1.5 Air/Odor Emissions and Control Measures 

Air emissions control and fugitive dust suppression techniques will be used during the 
remedial activities identified above, as necessary, to limit the air/odor emissions from 
the site. Air monitoring for the specific purpose of protecting the community from site 
activity impacts (and verification thereof) will take place during both intrusive and non-
intrusive site activities. 

During intrusive and non-intrusive site activities, odor and dust control measures will be 
available at the site and used when necessary. The following dust and odor 
suppression measures may be used during these activities, depending upon specific 
circumstances and air monitoring results: 

 water spray 
 polyethylene sheeting (for covering soil stockpiles) 

Polyethylene sheeting will be used to control nuisance odors and volatile organic 
compound (VOC) emissions, as needed. Also, dust emissions at the site will be 
controlled by spraying water on exposed dry surface soil areas (e.g., on excavation 
faces, stockpiled soil, etc., as appropriate), through the use of silt fences, and by 
covering soil stockpiles. Odor and dust control measures will be implemented based on 
visual or olfactory observations, and the results of airborne particulate and VOC 
monitoring. 
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2. Air Monitoring Procedures 

2.1 General 

Real-time air monitoring will be implemented at the site for VOCs, and particulate 
matter less than 10 microns in diameter (PM10). A site boundary will be established for 
the purpose of air monitoring. Upwind and downwind monitoring locations will be 
determined through visual observation (wind vane, windsock, or similar technique). 
Monitoring will occur at each of the two proposed excavation locations and will include 
the use of hand-held direct-reading survey instruments. Baseline air sampling will take 
place prior to the beginning of work. 

2.2 Sampling Location Selection 

Sampling activities will be determined daily based on visual observation of a wind 
direction. A single upwind location will be selected daily where both VOC and PM10 will 
be recorded. This upwind location will be established at the start of the workday, each 
day before the start of RI activities. Sampling activities will continue in a downwind 
direction throughout the day. If wind direction during the workday shifts greater than 
approximately +/-60 degrees from original upwind, then new upwind and downwind 
sampling locations will be established. Any location changes will be documented in the 
field logbook. 

Although not a requirement of the NYSDOH, an additional air quality monitoring station 
will be also be located within the Park along Warburton Avenue to the immediate west 
of the site, throughout the duration of the hotspot excavation program. 

2.3 VOCs Monitoring 

As required by the NYSDOH guidance for community air monitoring during intrusive 
activities, VOCs will be monitored continuously during remedial site activities, with 
instrumentation that is equipped with electronic data-logging capabilities. A MiniRAE 
2000 (or equivalent) will be used to conduct the real-time VOC monitoring. Attachment 
C provides detailed information on the MiniRAE 2000. All 15-minute readings will be 
recorded, as well as any instantaneous readings taken to facilitate activity decisions. 



 

G:\DIV11\DOC12\B0046918_0031211100_Final Design Report_Appendix C-CAMP.doc 4 

Community Air Monitoring 

Plan, Groundwater 

Remediation System 

Former Tappan Terminal Site 
(NYSDEC Site # 360015) 
Hastings-on-Hudson,  
New York 

2.4 Particulate Matter Monitoring 

As required by the NYSDOH guidance, real-time particulate matter will be monitored 
continuously during site activities using instrumentation equipped with electronic data-
logging capabilities. A MIE DataRAM (or equivalent) will be used to conduct the real-
time PM10 monitoring. Attachment C provides detailed information on the MIE 
DataRAM. All 15-minute readings will be recorded, as well as any instantaneous 
readings taken to facilitate activity decisions. 

Fugitive dust migration will be visually assessed during all work activities, and 
reasonable dust suppression techniques will be used during any site activities that may 
generate fugitive dust. These activities and their design controls were discussed 
previously in Section 1.4 of this plan. 

2.5 Action Levels 

The action levels provided below are to be used to initiate response actions, if 
necessary, based on real-time monitoring. 

2.5.1 Action Levels for VOCs  

As outlined in the NYSDOH guidance document for CAMPs, if the ambient air 
concentration of total VOCs exceeds 5 parts per million (ppm) above the background 
(upwind location) for the 15-minute average, intrusive site activities will be temporarily 
halted while monitoring continues. If the total VOC concentration readily decreases 
(through observation of instantaneous readings) below 5 ppm above background, then 
intrusive site activities can resume with continuous monitoring. 

If the ambient air concentrations of total VOCs persist at levels in excess of 5 ppm 
above background but less than 25 ppm above background, intrusive site work 
activities will be halted, the source of the elevated VOC concentrations identified, 
corrective actions to reduce or abate the emissions undertaken, and air monitoring will 
be continued. Once these actions have been implemented, intrusive site work activities 
can resume provided the following two conditions are met: 

 The 15-minute average VOC concentrations remain below 5 ppm above 
background. 
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 The VOC level 200 feet downwind of the sample location, or half the distance to 
the nearest potential receptor or residential/commercial structure (whichever is less 
but in no case less than 20 feet), is below 5 ppm over background for the 15-
minute average. 

If the ambient air concentrations of total VOCs are above 25 ppm above background, 
the intrusive site activities must cease, and emissions control measures must be 
implemented. 

Periodic monitoring for VOCs is required during non-intrusive activities such as 
collection of soil samples, or equipment decontamination. If these activities are 
undertaken at the site, ambient direct-reading (instantaneous) VOC data will be 
periodically collected at the location of the non-intrusive activity and recorded in the 
field activity logbooks. 

2.5.2 Action Level for PM10 

As required by the NYSDOH guidance, if the ambient air concentration of PM10 at any 
one (or more) of the sampling locations is noted at levels in excess of 100 micrograms 
per cubic meter (µg/m3) above the background (upwind location), or if airborne dust is 
observed leaving the work area, intrusive site activities will be temporarily halted. The 
source of the elevated PM10 concentration is to be identified, corrective actions to 
reduce or abate the emissions will be undertaken, and air monitoring will continue. 
Work may continue following the implementation of dust suppression techniques 
provided the PM10 levels do not exceed 150 µg/m3 above background. 

If, after implementation of dust suppression techniques, PM10 levels are greater than 
150 µg/m3 above background, work must be stopped and site activities must be re-
evaluated. Work may only resume provided that the dust suppression measures and 
other controls are successful in reducing PM10 levels less than 150 µg/m3 above 
background and in preventing visible dust from leaving the site. 

If the ambient air concentration of PM10 is above 150 µg/m3 above background, the 
intrusive site activities must cease and emissions control measures must be 
implemented. 
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2.6 Meteorological Monitoring 

Wind direction is the only meteorological information considered relevant for the 
remedial activities and CAMP. Meteorological monitoring will be conducted periodically 
at the site using a windsock, wind vane, or other appropriate equipment. Wind direction 
will be established at the start of each work day and may be re-established at any time 
during the work day if a significant shift in wind direction is noted. 

2.7 Instrument Calibration 

Calibration of the VOC and PM10 instrumentation will occur in accordance with each of 
the equipment manufacturer’s calibration and quality assurance requirements. The 
VOC and PM10 monitors will be calibrated at least daily, and calibrations will be 
recorded in the field activity logbook. 
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3. Monitoring Schedule and Data Collection and Reporting 

3.1 General 

The proposed monitoring schedule and data collection and reporting requirements are 
discussed below. 

3.2 Monitoring Schedule 

Real-time VOC and PM10 monitoring will be performed continuously throughout the 
remedial action during intrusive site/materials handling activities. VOC monitoring will 
also be performed during non-intrusive sampling and/or support-type activities. Wind 
direction will be determined at the start of each day and at any other appropriate time 
during remedial activities. 

3.3 Data Collection and Reporting 

Air monitoring data will be collected continuously from VOC and PM10 monitors during 
intrusive site activities by an electronic data-logging system. The data management 
software will be set up so that instantaneous observed readings would be recorded by 
the electronic data acquisition system and averaged over 15-minute time periods. The 
15-minute readings and instantaneous readings taken to facilitate activity decisions will 
be recorded and archived for review by NYSDOH and NYSDEC personnel. 
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Appendix 1A 
New York State Department of Health 

Generic Community Air Monitoring Plan 
 
Overview 
 

A Community Air Monitoring Plan (CAMP) requires real-time monitoring for volatile organic 
compounds (VOCs) and particulates (i.e., dust) at the downwind perimeter of each designated work area 
when certain activities are in progress at contaminated sites. The CAMP is not intended for use in 
establishing action levels for worker respiratory protection. Rather, its intent is to provide a measure of 
protection for the downwind community (i.e., off-site receptors including residences and businesses and 
on-site workers not directly involved with the subject work activities) from potential airborne 
contaminant releases as a direct result of investigative and remedial work activities. The action levels 
specified herein require increased monitoring, corrective actions to abate emissions, and/or work 
shutdown. Additionally, the CAMP helps to confirm that work activities did not spread contamination 
off-site through the air. 
 

The generic CAMP presented below will be sufficient to cover many, if not most, sites. Specific 
requirements should be reviewed for each situation in consultation with NYSDOH to ensure proper 
applicability. In some cases, a separate site-specific CAMP or supplement may be required. Depending 
upon the nature of contamination, chemical- specific monitoring with appropriately-sensitive methods 
may be required. Depending upon the proximity of potentially exposed individuals, more stringent 
monitoring or response levels than those presented below may be required. Special requirements will be 
necessary for work within 20 feet of potentially exposed individuals or structures and for indoor work 
with co-located residences or facilities. These requirements should be determined in consultation with 
NYSDOH.  
 

Reliance on the CAMP should not preclude simple, common-sense measures to keep VOCs, dust, 
and odors at a minimum around the work areas. 
 
Community Air Monitoring Plan 
 

Depending upon the nature of known or potential contaminants at each site, real-time air 
monitoring for VOCs and/or particulate levels at the perimeter of the exclusion zone or work area will 
be necessary. Most sites will involve VOC and particulate monitoring; sites known to be contaminated 
with heavy metals alone may only require particulate monitoring. If radiological contamination is a 
concern, additional monitoring requirements may be necessary per consultation with appropriate 
DEC/NYSDOH staff.  
 

Continuous monitoring will be required for all ground intrusive activities and during the 
demolition of contaminated or potentially contaminated structures. Ground intrusive activities 
include, but are not limited to, soil/waste excavation and handling, test pitting or trenching, and the 
installation of soil borings or monitoring wells. 

 
Periodic monitoring for VOCs will be required during non-intrusive activities such as the 
collection of soil and sediment samples or the collection of groundwater samples from existing 
monitoring wells. APeriodic@ monitoring during sample collection might reasonably consist of 
taking a reading upon arrival at a sample location, monitoring while opening a well cap or 
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overturning soil, monitoring during well baling/purging, and taking a reading prior to leaving a 
sample location. In some instances, depending upon the proximity of potentially exposed 
individuals, continuous monitoring may be required during sampling activities. Examples of such 
situations include groundwater sampling at wells on the curb of a busy urban street, in the midst of 
a public park, or adjacent to a school or residence. 

 
VOC Monitoring, Response Levels, and Actions 
 

Volatile organic compounds (VOCs) must be monitored at the downwind perimeter of the 
immediate work area (i.e., the exclusion zone) on a continuous basis or as otherwise specified. Upwind 
concentrations should be measured at the start of each workday and periodically thereafter to establish 
background conditions, particularly if wind direction changes. The monitoring work should be 
performed using equipment appropriate to measure the types of contaminants known or suspected to be 
present. The equipment should be calibrated at least daily for the contaminant(s) of concern or for an 
appropriate surrogate. The equipment should be capable of calculating 15-minute running average 
concentrations, which will be compared to the levels specified below. 
 

1. If the ambient air concentration of total organic vapors at the downwind perimeter of the work 
area or exclusion zone exceeds 5 parts per million (ppm) above background for the 15-minute average, 
work activities must be temporarily halted and monitoring continued. If the total organic vapor level 
readily decreases (per instantaneous readings) below 5 ppm over background, work activities can 
resume with continued monitoring. 
 

2. If total organic vapor levels at the downwind perimeter of the work area or exclusion zone 
persist at levels in excess of 5 ppm over background but less than 25 ppm, work activities must be 
halted, the source of vapors identified, corrective actions taken to abate emissions, and monitoring 
continued. After these steps, work activities can resume provided that the total organic vapor level 200 
feet downwind of the exclusion zone or half the distance to the nearest potential receptor or 
residential/commercial structure, whichever is less - but in no case less than 20 feet, is below 5 ppm over 
background for the 15-minute average. 
 

3. If the organic vapor level is above 25 ppm at the perimeter of the work area, activities must be 
shutdown. 
 

4. All 15-minute readings must be recorded and be available for State (DEC and NYSDOH) 
personnel to review. Instantaneous readings, if any, used for decision purposes should also be recorded.  
 
Particulate Monitoring, Response Levels, and Actions 
 

Particulate concentrations should be monitored continuously at the upwind and downwind 
perimeters of the exclusion zone at temporary particulate monitoring stations. The particulate 
monitoring should be performed using real-time monitoring equipment capable of measuring particulate 
matter less than 10 micrometers in size (PM-10) and capable of integrating over a period of 15 minutes 
(or less) for comparison to the airborne particulate action level. The equipment must be equipped with 
an audible alarm to indicate exceedance of the action level. In addition, fugitive dust migration should 
be visually assessed during all work activities. 
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1. If the downwind PM-10 particulate level is 100 micrograms per cubic meter (mcg/m3) greater 
than background (upwind perimeter) for the 15-minute period or if airborne dust is observed leaving the 
work area, then dust suppression techniques must be employed. Work may continue with dust 
suppression techniques provided that downwind PM-10 particulate levels do not exceed 150 mcg/m3 
above the upwind level and provided that no visible dust is migrating from the work area. 
 

2. If, after implementation of dust suppression techniques, downwind PM-10 particulate levels 
are greater than 150 mcg/m3 above the upwind level, work must be stopped and a re-evaluation of 
activities initiated. Work can resume provided that dust suppression measures and other controls are 
successful in reducing the downwind PM-10 particulate concentration to within 150 mcg/m3 of the 
upwind level and in preventing visible dust migration. 
 

3. All readings must be recorded and be available for State (DEC and NYSDOH) and County 
Health personnel to review. 
 
December 2009 
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Appendix 1B 
Fugitive Dust and Particulate Monitoring  

 
A program for suppressing fugitive dust and particulate matter monitoring at hazardous waste sites 

is a responsibility on the remedial party performing the work. These procedures must be incorporated 
into appropriate intrusive work plans. The following fugitive dust suppression and particulate 
monitoring program should be employed at sites during construction and other intrusive activities which 
warrant its use:  
 

1. Reasonable fugitive dust suppression techniques must be employed during all site activities 
which may generate fugitive dust.  
 

2. Particulate monitoring must be employed during the handling of waste or contaminated soil or 
when activities on site may generate fugitive dust from exposed waste or contaminated soil. Remedial 
activities may also include the excavation, grading, or placement of clean fill. These control measures 
should not be considered necessary for these activities.  
 

3.  Particulate monitoring must be performed using real-time particulate monitors and shall 
monitor particulate matter less than ten microns (PM10) with the following minimum performance 
standards:  
 

(a) Objects to be measured: Dust, mists or aerosols; 
(b) Measurement Ranges: 0.001 to 400 mg/m3 (1 to 400,000 :ug/m3); 
(c) Precision (2-sigma) at constant temperature:  +/- 10 :g/m3 for one second averaging; and 

+/- 1.5 g/m3 for sixty second averaging; 
(d) Accuracy:  +/- 5% of reading +/- precision (Referred to gravimetric calibration with SAE

 fine test dust (mmd= 2 to 3 :m, g= 2.5, as aerosolized); 
(e) Resolution: 0.1% of reading or 1g/m3, whichever is larger; 
(f) Particle Size Range of Maximum Response: 0.1-10; 
(g) Total Number of Data Points in Memory: 10,000; 
(h) Logged Data: Each data point with average concentration, time/date and data point 

number 
(i)  Run Summary: overall average, maximum concentrations, time/date of maximum, total 

number of logged points, start time/date, total elapsed time (run duration), STEL concentration and 
time/date occurrence, averaging (logging) period, calibration factor, and tag number; 

(j)  Alarm Averaging Time (user selectable): real-time (1-60 seconds) or STEL (15 minutes), 
alarms required; 

(k)  Operating Time: 48 hours (fully charged NiCd battery); continuously with charger; 
(l) Operating Temperature: -10 to 50o C (14 to 122o F); 
(m) Particulate levels will be monitored upwind and immediately downwind at the working 

site and integrated over a period not to exceed 15 minutes.  
 

4. In order to ensure the validity of the fugitive dust measurements performed, there must be 
appropriate Quality Assurance/Quality Control (QA/QC). It is the responsibility of the remedial party to 
adequately supplement QA/QC Plans to include the following critical features: periodic instrument 
calibration, operator training, daily instrument performance (span) checks, and a record keeping plan.  
 

5. The action level will be established at 150 ug/m3 (15 minutes average).  While conservative, 
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this short-term interval will provide a real-time assessment of on-site air quality to assure both health 
and safety. If particulate levels are detected in excess of 150 ug/m3, the upwind background level must 
be confirmed immediately. If the working site particulate measurement is greater than 100 ug/m3 above 
the background level, additional dust suppression techniques must be implemented to reduce the 
generation of fugitive dust and corrective action taken to protect site personnel and reduce the potential 
for contaminant migration. Corrective measures may include increasing the level of personal protection 
for on-site personnel and implementing additional dust suppression techniques (see paragraph 7). Should 
the action level of 150 ug/m3 continue to be exceeded work must stop and DER must be notified as 
provided in the site design or remedial work plan.  The notification shall include a description of the 
control measures implemented to prevent further exceedances.  
 

6.  It must be recognized that the generation of dust from waste or contaminated soil that 
migrates off-site, has the potential for transporting contaminants off-site. There may be situations when 
dust is being generated and leaving the site and the monitoring equipment does not measure PM10 at or 
above the action level. Since this situation has the potential to allow for the migration of contaminants 
off-site, it is unacceptable. While it is not practical to quantify total suspended particulates on a real-time 
basis, it is appropriate to rely on visual observation. If dust is observed leaving the working site, 
additional dust suppression techniques must be employed. Activities that have a high dusting potential--
such as solidification and treatment involving materials like kiln dust and lime--will require the need for 
special measures to be considered.  
 

7. The following techniques have been shown to be effective for the controlling of the 
generation and migration of dust during construction activities:  
 

(a) Applying water on haul roads;  
(b) Wetting equipment and excavation faces;  
(c) Spraying water on buckets during excavation and dumping;  
(d) Hauling materials in properly tarped or watertight containers;  
(e) Restricting vehicle speeds to 10 mph;  
(f) Covering excavated areas and material after excavation activity ceases; and 
(g) Reducing the excavation size and/or number of excavations.  

 
Experience has shown that the chance of exceeding the 150ug/m3 action level is remote when the 
above-mentioned techniques are used.  When techniques involving water application are used, care must 
be taken not to use excess water, which can result in unacceptably wet conditions. Using atomizing 
sprays will prevent overly wet conditions, conserve water, and provide an effective means of 
suppressing the fugitive dust.  
 

8. The evaluation of weather conditions is necessary for proper fugitive dust control. When 
extreme wind conditions make dust control ineffective, as a last resort remedial actions may need to be 
suspended. There may be situations that require fugitive dust suppression and particulate monitoring 
requirements with action levels more stringent than those provided above. Under some circumstances, 
the contaminant concentration and/or toxicity may require additional monitoring to protect site 
personnel and the public. Additional integrated sampling and chemical analysis of the dust may also be 
in order. This must be evaluated when a health and safety plan is developed and when appropriate 
suppression and monitoring requirements are established for protection of health and the environment. 
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Appendix D 

 

Preliminary Implementation 
Schedule 



ID Task Name Duration Start Finish

1 Pre-Construction Activities 86 days Wed 3/14/12 Wed 7/11/12

2 Final Design Submittal to Client and NYS DEC 1 day Wed 3/14/12 Wed 3/14/12
3 NYS DEC and Client Review 1 mon Thu 3/15/12 Wed 4/11/12
4 Contract Drawing Generation 2 wks Thu 4/12/12 Wed 4/25/12
5 Contractor Selection 6 wks Mon 4/2/12 Fri 5/11/12
6 Equipment Procurement 10 wks Thu 4/26/12 Wed 7/4/12
7 Permitting 8 wks Thu 4/26/12 Wed 6/20/12
8 Clearing and Grubbing 1 wk Thu 6/21/12 Wed 6/27/12
9 Electrical Pole Installation/Electrical Drop 2 wks Thu 6/28/12 Wed 7/11/12
10 Construction Activities 64 days Thu 7/12/12 Tue 10/9/12

11 Mobilization 3 days Thu 7/12/12 Mon 7/16/12
12 Utility Location and Markout 2 days Tue 7/17/12 Wed 7/18/12
13 Equipment and Electrical Transformer Concrete Pads Install 2 wks Thu 7/19/12 Wed 8/1/12
14 Well Drilling/Installation 2 wks Thu 7/19/12 Wed 8/1/12
15 Pipe Trenches/Infiltration trenches Excavation and Disposal 2 wks Thu 8/2/12 Wed 8/15/12
16 Containment/Decontamination Areas Install 2 wks Thu 8/16/12 Wed 8/29/12
17 Trench/Infiltration/Well Piping/Conduit and Mechanical Install 2 wks Thu 8/30/12 Wed 9/12/12
18 Settling Tank Deliverly 1 day Thu 9/13/12 Thu 9/13/12
19 Equipment Enclosure Deliverly 1 day Thu 9/13/12 Thu 9/13/12
20 Equipment Enclosure/Settling Tank Placement, Grounding, and Anchoring 1 day Fri 9/14/12 Fri 9/14/12
21 Electrical Connection 8 days Mon 9/17/12 Wed 9/26/12
22 Equipment Enclosure Influent/Effluent Piping Connection/Insulation 8 days Mon 9/17/12 Wed 9/26/12
23 Equipment Pad Fence Install 4 days Thu 9/27/12 Tue 10/2/12
24 Site Restoration 2 days Wed 10/3/12 Thu 10/4/12
25 Demobilization 3 days Fri 10/5/12 Tue 10/9/12
26 Post-Construction Activities 8 days Wed 10/10/12 Fri 10/19/12

27 System Integration 4 days Wed 10/10/12 Mon 10/15/12
28 System Start-up 4 days Tue 10/16/12 Fri 10/19/12

 Feb Feb Mar Mar Mar Mar Apr Apr Apr Apr Apr May May May May Jun Jun Jun Jun Jul Jul Jul Jul Jul Aug Aug Aug Aug Sep Sep Sep Sep

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System

B0046918_0031211100_Final Design Report_Appendix D-Schedule.mpp Page 1

Project: 0641112161
Date: Tue 3/13/12



APPENDIX H



Well Construction Information

Former Mobil Tappan Terminal
AOC1, Former Tappan Terminal
Hastings-on-Hudson, New York

Year

Installed

Well

Diameter

(inches)

Total Depth

(feet)

Screen

Length

(feet) Comments
MW-1A 1993 4 11 10 Well extended above cap
MW-4 1986 4 11 10 Well extended above cap
MW-5 1986 4 10 10 Well extended above cap

MW-6R 2012 2 10.5 10 Well replaced by others for AOC3

MW-7A 1993 4 11 10 Well extended above cap
MW-9A 1993 4 12 10 Well extended above cap

MW-10R 2012 2 13 10 Well replaced by others for AOC3

MW-12R 2012 2 13 10 Well replaced by others for AOC3

MW-15 1994 4 11 10 Well extended above cap
MW-16 1994 4 11 10 Well extended above cap
MW-17 1994 4 13 10 Well extended above cap
MW-D1 1988 4 66.5 20 Well extended above cap
MW-S1 1988 6 28 20 Well extended above cap

OW-5AR 2012 2 13 10 Well replaced by others for AOC3

OW-8R 2013 2 13 10 Well replaced by others for AOC3

OW-9A 1994 4 12 10 Well extended above cap
OW-12 1986 2 15 14 Well extended above cap
OW-15 1986 2 16 14 Well extended above cap
OW-18 1986 2 11 10 Well decommissioned by others for AOC3

OW-19A 1993 4 11 10 Well extended above cap
OW-20 1986 2 12 10 Well extended above cap
OW-25 1986 2 11 10 Well extended above cap

OW-27A 1993 4 11 10 Well extended above cap
SVE Well 2002 4 7 5 Well extended above cap

AS-1 2002 2 23 3 Well extended above cap
AS-2 2004 2 20 5 Well extended above cap

MW-T1 2002 4 20 15 Well extended above cap
MW-T2 2002 2 20 15 Well extended above cap
MW-T3 2002 2 23 20 Well extended above cap

MW-T4 (MW-1/TW4) 2004 2 20 15 Well extended above cap
MW-T5 (MW-2/TW5) 2004 2 20 15 Well extended above cap

MW-T6 2004 2 20 15 Well decommissioned by others for AOC3

AB-MW-1R 2012 2 13 10 Well installed by others for AOC3
AB-MW-2 2008 2 13 10 Well installed by others for AOC3
AB-MW-3 2008 2 13 10 Well installed by others for AOC3
AB-MW-4 2008 2 18 15 Well decommissioned by others for AOC3
AB-MW-5 2008 2 18 15 Well decommissioned by others for AOC3
AMW-6 2012 2 15 10 Well installed by others for AOC3
AMW-7 2012 2 14 10 Well installed by others for AOC3
AMW-8 2013 2 14 10 Well installed by others for AOC3
AMW-9 2012 2 13 10 Well installed by others for AOC3
EW-1 2012 6 20 5 Well installed by others for AOC3
EW-2 2012 6 20 5 Well installed by others for AOC3

MW-T3E 2008 2 20 15 Well installed by others for AOC3
MW-T3S 2008 2 19.5 15 Well installed by others for AOC3
MW-T3N 2008 2 18 15 Well installed by others for AOC3
MW-T3W 2008 2 19 15 Well installed by others for AOC3
MW-T4E 2008 2 19.5 15 Well installed by others for AOC3
MW-T4N 2008 2 19.5 15 Well installed by others for AOC3
MW-T4S 2008 2 19.5 15 Well installed by others for AOC3
MW-T4W 2008 2 19.5 15 Well installed by others for AOC3
OW-12E 2008 2 18 15 Well decommissioned by others for AOC3
OW-12N 2008 2 18 15 Well decommissioned by others for AOC3
OW-12S 2008 2 19 15 Well decommissioned by others for AOC3

OW-12SW 2009 2 17 15 Well installed by others for AOC3
OW-12W 2008 2 17 15 Well installed by others for AOC3

Well ID

ExxonMobil
Wells

(AOC1)

Wells
Installed by

Others
(AOC3)

Woodard & Curran Rev. 2, 07/29/13
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1.0 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) includes the following four basic element groups: Project 
Management, Measurement Data Acquisition; Assessment/Oversight; and Data Validation and Usability.  
This QAPP follows EPA’s Quality Assurance Guidance for Conducting Brownfields Site Assessments 
(EPA 540-R-98-038) and is incorporated within the remedial design work scope (“Field Work Scope”) 
for the former Mobil terminal property in Hastings-on-Hudson, New York. 

This QAPP is applicable only to the work specified.  Revisions to the QAPP for additional work or 
changes to the Field Work Scope will be made and approved in accordance with standard Woodard & 
Curran Inc. practices and submitted to ExxonMobil Refining & Supply, the present owner of the subject 
property, for approval.  Notification and distribution of any changes will be conducted by Woodard & 
Curran.  
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2.0 PROJECT MANAGEMENT 

This element group encompasses aspects of project management, objectives and background.  It identifies 
the roles and responsibilities of project personnel, describes communication procedures and details the 
proposed project schedule.   
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FORM A 
 

TITLE AND APPROVAL PAGE 

 Quality Assurance Project Plan (QAPP) for Work Associated with 
the former Tappan Terminal 

 

 Document Title   
  

Anne Proctor                          Woodard & Curran
 

 Prepared by: Preparer’s Name and Organizational Affiliation)  

 1520 Highland Avenue 
Cheshire, CT 06410                                          (203) 271-0379

 

 Address and Telephone Number   
 

 
  

 Day/Month/Year   
  

Project Manager:  
   Signature
   

Anne E. Proctor - Woodard & Curran 
   Printed Name/Date
  

Project Director:  
   Signature
   

Nicholas A. Hastings – Woodard & Curran 
   Printed Name/Date
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FORM B 
 

PROJECT ORGANIZATION AND RESPONSIBILITY/DISTRIBUTION LIST 

Woodard & Curran of Cheshire, Connecticut was retained by ExxonMobil to provide environmental 
consulting services for the former Tappan Terminal property in Hastings-on-Hudson, New York.   

ExxonMobil Refining & Supply  

Steve Trifiletti Global Remediation (516) 239-5232 steve.p.trifiletti@exxonmobil.com 
 

NYSDEC  

William Ports Div. of Environmental 
Remediation 

(518) 402-9667 wfports@gw.dec.state.ny.us 

 

Woodard & Curran  

Nick Hastings Project Director, 
Regulatory Specialist 

(203) 271-0379
Ext: 2305 

nhastings@woodardcurran.com 

Anne Proctor Project Manager, 
Project QA Officer 

(203) 271-0379
Ext: 2327 

aproctor@woodardcurran.com 

 

Roux Associates  

Tracy Bispham Project Field Task 
Manager  

(631) 232-2600 tbispham@rouxinc.com 

    
Laboratory  
Accutest 
Dayton, NJ 

Laboratory Services (732) 329-0200 www.accutest.com 

Effective communication between all parties will be critical to ensure project goals are met.  It will be the 
responsibility of the Project Manager to maintain communications internally and externally.  The Project 
Manager will be in frequent contact with project personnel to keep the project team informed as to 
progress and potential changes as project activities are conducted.  

All project personnel will communicate frequently to ensure field activities and reporting requirements 
are in accordance with this QAPP.  Daily calls will be conducted to facilitate communication and evaluate 
progress.  During field activities, field personnel will communicate with the Project Field Task Manager 
as needed. 

Scheduling information, billing and any changes to the QAPP or work scope will be communicated to 
subcontractors by the Project Manager or Project Field Task Manager.  Subcontractors must immediately 
report any problems to the Project Field Task Manager.  
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Project Organization and Communication Chart 
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FORM C 
 

PROBLEM DEFINITION 

The subject property is owned by ExxonMobil and is presently vacant, pending approval for 
redevelopment by NYSDEC and ExxonMobil.  A Record of Decision (ROD) was issued by the NYSDEC 
in September 2006.  Historic investigation programs and requirements of the ROD were used to develop a 
Remedial Design/Remedial Action Work Plan (the “Work Plan”) for the former Mobil terminal property.   
The Work Plan was developed to refine delineation and/or remove “grossly contaminated soil” (see Work 
Plan Section 3.2). 
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FORM D 
 

PROJECT DESCRIPTION 

 

The Remedial Design/Remedial Action Work Plan includes the following tasks: 

• Grossly contaminated soil (as defined in Section 3.2 of the Work Plan) will be excavated by 
backhoe for characterization and proper offsite disposal.  The anticipated excavation area is 
indicated in Figure 3 in the Work Plan. Limits of the excavation, side walls and bottom, will be 
sampled and analyzed for SVOCs by EPA Method 8270.  Sidewall and base samples will be 
collected at a rate of one every 20 linear feet of excavation. 

• Concrete pads and structures will be rubblized and demolished in place using an excavator with 
hoe ram attachment, or other appropriate means. 

• Nine (9) test pits will be excavated by backhoe or excavator as depicted on Figure 4 in the Work 
Plan.  If visual observations or field screening (shake test results) indicated gross impact, the soil 
will be removed until no further evidence of gross impact is noted.  The limits of the excavation 
will be sampled as specified above and analyzed for SVOCs by EPA Method 8270. 

• Excavations will be fenced off until laboratory results are received and it is confirmed that the 
end point samples are all less than 500 ppm total SVOCs.  If analytical results indicate an 
exceedance of the SVOC criteria, additional iterations of excavation and sampling will be 
conducted until all sample results are below criteria. 

• Once the excavation results indicate no further grossly contaminated soil, the excavation will be 
backfilled using clean onsite soil or imported backfill, and the site grade restored.   

• Surface and subsurface piping will be identified and removed for offsite recycling or disposal. 

• The Site perimeter fence will be restored as able and posted with No Trespassing signs to control 
access.  The Site will be maintained in a secure state until future development plans are finalized, 
at which time the final remedy will be implemented (see Work Plan Section 4.0). 
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3.0 MEASUREMENT DATA ACQUISITION 

This element group describes the design and implementation of measurement systems that will be used 
during the project.  Sampling procedures, analytical methods/procedures, and data handling and 
documentation procedures are described in this section.  Field sampling SOPs are included in 
Attachment A.  Analytical laboratory SOPs are included in Attachment B.  
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FORM E 
 

SAMPLING DESIGN 

The proposed Work Plan includes investigative and remedial tasks.  The proposed tasks include 
the following specific and related tasks: 

• Removal of grossly contaminated soil and subsequent confirmatory soil sampling; 

• Excavation of test pits and the collection of investigative soil samples; and 

• Assessment of subsurface piping and structures. 

Soil sampling, including the number of samples and analytical parameters, are outlined in the Work Plan.  
The work is designed to identify the presence/absence of areas where SVOCs exceed 500 ppm.  A site 
map showing the proposed excavation location is included as Figure 3 in the Work Plan.  A site map 
showing the proposed test pit locations is included as Figure 4 in the Work Plan. 

Equipment and methods used will be applied consistently from one test pit to another in order to 
maximize data comparability.  If it becomes necessary to deviate from customary methodology, the 
effects of such change will be examined and documented for future reference. 

Individuals responsible for conducting sampling and analysis of soil will be familiar with the Work Plan 
and QAPP prior to performing their duties.  Individuals conducting field work will have completed 
OSHA 40-hour training.  Training records will be provided upon request. 
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FORM F – 1 
METHOD AND SOP REFERENCE TABLE 

Analytical Method Reference: 
Include document title, method name/number, revision 

number, date 

Project Analytical SOPs: 1 
Include document title, date revision number, and 

originator’s name 

1a. SW-846, Semi-Volatile Organic Compounds, Method 
8270C 

1b. SOP for Test Method 8270C, Rev. 3, December 1996, Accutest 
Laboratories 

 
Project Sampling SOPs:2 

Include document title, date, revision number, and originator’s name 

1c. SOP for Test Pit Sampling, SOP No. S-6, Rev. 2, April 2002, W&C 

2c SOP for Equipment Decontamination, SOP No. S-4, Rev. 2, April 2002, W&C 

3c. SOP for Air Monitoring, SOP No. S-9, Rev. 2, April 2002, W&C 

Notes: 

1. Analytical Laboratory SOPs are included in Attachment B of this document. 
2. Project Sampling SOPs are included in Attachment A of this document. 

 

FORM F-2 
SAMPLING AND ANALYTICAL METHODS REQUIREMENTS 

Parameter Matrix 

Number of 
Samples 

(include field 
QC) 

Analytical 
Method(1) 

Sampling 
SOP(1) 

Containers per 
Sample (number, 

size and type) 

Preservation 
Requirements 
(temperature, 

light, chemical)(2) 

Maximum Holding  
Time at Lab 
(preparation/ 

analysis) 

SVOCs Soil TBD 1a 1c 1, 8oz. glass jar 
Teflon cap 

4oC Extract in 14 days 
Analyze in 40 days 

Notes: 
1. Form F-1 contains the Method and SOP Reference Table 
2. Sample containers to be pre-preserved by the laboratory 
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FORM G 
 

PREVENTIVE MAINTENANCE – FIELD EQUIPMENT (1) 

Instrument Activity Frequency 
SOP 

Ref.(2) 

Photo-ionization detector Check charge/Battery 
Replace Filter 
Clean Lamp Window 

Daily 
As needed 
As needed 

Manual 

O2/LEL Meter Check charge/Battery 
Replace Filter 

Daily 
As needed 

Manual 

Notes: 
1. Field crews responsible for daily maintenance as per manufacturer’s specifications outlined in equipment 

manuals. 
2. All operation and maintenance procedures will be in accordance with manufacturer’s specifications as outlined in 

the equipment manual.  
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FORM H 
 

CALIBRATION AND CORRECTIVE ACTION – FIELD EQUIPMENT (1) 

Instrument Activity Frequency 
Acceptance 

Criteria 
Corrective 

Action 
  SOP 
  Ref. (2) 

Photo-ionization 
detector 

Field Screening 
and Air 

Monitoring 

Calibrate beginning 
and end of day 

Calibration Checks 
throughout the day 

75 to 125% 
Response to 

100 ppm 
Isobutylene 

Calibration Standard

Perform filter change and battery check, 
recalibrate instrument.  If still out of range 
clean lamp window then recalibrate 
instrument.  Lastly, if still out of range call 
vendor for troubleshooting guidance or a 
replacement instrument. 

Manual 

O2/LEL Meter Field Screening 
and Air 

Monitoring 

Calibrate once/day 
Calibration Checks 

as needed 

75 to 125% 
Response to  

Calibration Standard

Perform filter change, battery check, and flow 
check, then recalibrate instrument.  If still out 
of range call vendor for troubleshooting 
guidance or a replacement instrument. 

Manual 

Notes: 
1. Field crews responsible for daily maintenance as per manufacturer’s specifications outlined in equipment manuals. 
2. All operation and maintenance procedures will be in accordance with manufacturer’s specifications as outline in equipment manual.  
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FORM I 
 

PREVENTIVE MAINTENANCE – LABORATORY EQUIPMENT 

The purpose of this section is to delineate the SOPs/methods used to ensure the optimum performance of 
laboratory equipment.  All laboratory equipment should be maintained in accordance with each respective 
instrument manufacturer’s operating instructions with all maintenance activities recorded.  The selected 
laboratory, Accutest, will provide the analytical support for Field Work Scope.  Consequently, the 
analytical laboratory is responsible for performing preventative maintenance on the laboratory equipment.  
The analytical laboratory is required to follow their quality assurance program, including preventative 
maintenance.  Form F-1 of this QAPP contains the Method Reference Table. 

FORM J 
 

CALIBRATION AND CORRECTIVE ACTION – LABORATORY EQUIPMENT 

The purpose of this section is to define the analytical techniques that will ensure the laboratory 
instrumentation employed will accurately and precisely quantitate the analytes of concern.  The analytical 
laboratory will provide this information upon request for any target compounds such that the data 
objectives of the Field Work Scope and QAPP are supported.  Additionally, the analytical laboratory will 
be required to submit and follow their approved quality assurance program, including calibration and 
corrective action procedures for laboratory equipment.  Form F-1 of this QAPP contains the Method 
Reference Table. 
 

FORM K 
 

SAMPLE HANDLING AND CUSTODY REQUIREMENTS 

All samples collected will be immediately placed on ice in a sample cooler to fulfill the necessary 
preservation requirements.  At the end of each work day, samples will be shipped to the analytical 
laboratory by courier. 

A Chain of Custody (COC) program will be utilized during sample collection, handling and transport. 
The COC program is designed to ensure that each sample is properly handled and accounted for at all 
times from collection in the field to the analysis at the laboratory.  In addition to the COC, sample 
collection will be documented in site-specific field log books and each sample will be individually 
labeled.  Labeling of each sample will consist of: sample identification, source of sample, date and time 
collected, the initials of personnel collecting the sample, the analysis required, and the preservation 
method.  The purpose of this program is to ensure that each sample is analyzed for the correct parameters 
and protected from loss, damage or contamination. COC forms will be placed in the sample coolers with 
the respective samples for transport to the laboratory. 

 



Title: QAPP Project Number: 0206925.03 
Site Name: Former Tappan Terminal Revision Number: 1 
Site Location: Hastings-on-Hudson, New York Date: 6/15/2010 
 

ExxonMobil Refining & Supply (206925) 14 Woodard & Curran 
QAPP Final Draft.doc   

FORM L 
 

ANALYTICAL PRECISION AND ACCURACY 

Analytical precision and accuracy for each method can be found in the SOP referenced in Form F-1 
of this document.  Applicable information includes the analytical method and equipment required, 
laboratory decontamination procedures, and specific performance requirements such as detection 
limits, quantitation limits, precision requirements and accuracy requirements.  Detection limits will be 
based upon the laboratory-calculated detection limits. 
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FORM M 
 

FIELD QUALITY CONTROL REQUIREMENTS 

QC Sample Frequency  
Acceptance 

Criteria 
Corrective 

Action 

Duplicate One per every 20 
samples collected 
(Blind duplicate) 

RPD ≤ 40% for 
soil/sediment samples 

Review field notes and determine if data is useable 
and/or reanalysis is required. 

Matrix Spike/ Matrix Spike Duplicate One set per 20 
samples collected. 

RPD ≤ 30% for 
soil/sediment samples 

Results will be qualified or rejected. 

Temperature Blank One per sample 
cooler 

40C +/- 20 Results will be qualified or rejected. 

Equipment Inspection Each item prior to 
use 

Physical integrity, 
contains proper 
preservative. 

Discard item. 

Reagent/Method Blanks Each group of 
samples 
(Maximum of 20 
samples per 
group). GC/MS 
spiked with 
surrogates 1 out of 
10. 

Positive sample 
results less than two 
times (2X) the method 
detection limit. 

Halt analysis. Locate the source of contamination; 
correct problem; reanalyze method blank. 

Replicate Sample One out of every 
15 samples. 

Within RPD 
established control 
limits. 

Reanalyzed for parameter in question. 

Laboratory Control Sample (LCS) Every 20 samples. Laboratory and/or 
manufacturer 
established 
acceptance ranges. 

Reanalyze associated samples. 
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QC Sample Frequency  
Acceptance 

Criteria 
Corrective 

Action 

Continuing Calibration Verification Each group of 
samples. 

Within % Recovery 
control limits. 

Locate and correct source of error. Reanalyze check 
standard. 

Matrix Spike Every 20 samples 
or every batch 
whichever is less. 

Accuracy, as defined 
by % Recoveries, 
within laboratory 
established quality 
control limits. 

Sample set reanalyzed for parameter in question. 

Surrogate Analysis All method blanks 
and samples. 

% Recovery meet 
laboratory established 
control limit 
acceptance criteria 
(established 
quarterly). 

Locate and correct source of error. Reanalyze 
internal standard. Determine if reanalysis is required. 

Internal Standards All samples and 
method blanks. 

% Recovery meet 
Laboratory 
Established control 
limit acceptance 
criteria (established 
quarterly). 

Locate and correct source of error. Reanalyze 
internal standard. Determine if reanalysis is required. 
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FORM N 
 

DATA MANAGEMENT AND DOCUMENTATION 

Following receipt of laboratory analytical reports, each report will be reviewed to confirm that relevant 
laboratory quality control/quality assurance documentation is included.  The laboratory will provide the 
following minimum data with each package: 

• Data Results Sheets (include any performance evaluation sample results) 

• Surrogate Recoveries and Acceptance Limits 

• Matrix Spike/Matrix Spike Duplicate Results and Acceptance Limits 

• Spike/Duplicate Results and Acceptance Limits 

• Laboratory Control Sample Results and Acceptance Limits 

• ICP Serial Dilution Results 

• ICP Interference Check Sample Results 

• Project Narrative which contains all observations and deviations 

All laboratory results will be delivered to Woodard & Curran both electronically (i.e., Excel and GIS/Key 
electronic data deliverables) and in hard-copy form.  Raw data including chromatograms and copies of 
internal COCs will be maintained by the laboratory. 

Field data will be recorded in bound field log books to maintain a permanent record of all field activities.  
Information will include date, weather conditions, individuals on-site, field screening results, sampling 
observations and techniques, and any additional relevant information.  All field notes and photographs 
will be maintained and stored in dedicated project files according to the Woodard & Curran Project 
Records Retention System. 
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4.0 ASSESSMENT/OVERSIGHT 

This element group of the QAPP details procedures used to ensure implementation of the QAPP.  It 
describes minimum requirements for quality assurance for management and final project reports.  
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FORM O 
 

ASSESSMENT AND RESPONSE ACTIONS 

Throughout the course of the project, Woodard & Curran will implement the following procedures to 
detect and correct problems that may occur: 

• project management meetings (daily/weekly calls or as needed); 

• peer review of all reports, documents, and correspondence; and 

• ongoing communication between Woodard & Curran’s project team, ExxonMobil and the 
NYSDEC. 

As warranted, problems that occur will be communicated by project memorandums and telephone 
conversations.  All memorandums and telephone notes will detail the problem encountered and any 
corrective actions taken.  All documentation will be maintained in dedicated project files. 

Changes to the QAPP will be made under the direction of the Project Manager and carried out by the 
appropriate project personnel. 

   

FORM P 
 

PROJECT REPORTS 

Following implementation of the Field Work Scope and receipt and analysis of analytical data, a Report 
will be prepared to document all activities conducted during the Field Work Scope implementation as 
well as conclusions made and status of the various aspects of the investigation.  Additional detailed 
reports will be prepared to document the conduct and findings of subsurface investigations performed at 
the site, if warranted. 
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5.0 DATA VALIDATION AND USEABILITY 

This element group details the quality assurance activities that will be performed to ensure that the 
collected data are scientifically defensible, properly documented, of known quality, and meet the project 
objectives.  Analytical data collected will be validated to 10% by an outside data validation contractor in 
accordance with the NYSDEC Data Usability Summary Report (DUSR) guidelines.   
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FORM Q-1 
 

VERIFICATION OF SAMPLING PROCEDURES 

Upon completion of the Field Work Scope, all data collected will be verified to ensure that sampling 
SOPs were adhered to and that specified samples were collected and analyzed for specified parameters.  
This evaluation will include (but is not limited to) the following: 

• identify all samples; 

• compare to samples documented in field log books; 

• compare to Chain of Custody; 

• check analytical parameters with those specified in the Field Work Scope; 

• check detection limits with those specified in this QAPP; and 

• review laboratory and field quality assurance and quality control (QA/QC) sample results. 
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FORM Q-2 
 

DATA VERIFICATION AND VALIDATION 

This section of the QAPP describes the process that will be followed to verify and validate the project 
data. 

Internal Verification 

Prior to release by the off-site laboratory, the data will be reviewed internally against all specific QA/QC 
parameters.  The laboratory will perform analyses and review QA/QC consistent with the requirements of 
the specific laboratory method SOPs.  Any deviations will be documented and explained in the final 
report.  The off-site laboratory is responsible for the final results and overall quality of the data. 

External Verification 

Data validation to 10% of samples will be performed by an outside data validation contractor in 
accordance with the NYSDEC DUSR guidelines.   

Validation 

Validation of measurements is a systematic process of reviewing a body of data to provide assurance that 
the quality is adequate for the intended use.  The validation process includes the following activities, as an 
example:  

• Reviewing QC activities and results; 

• Screening data sets and quality control results for outliers; 

• Reviewing field sample data records and chains-of-custody; 

• Reviewing sample handling and preservation procedures; and 

• Verifying the above process. 

Quality control results will also be compared against acceptance criteria described on Form M of this 
QAPP to determine completeness and to assess analytical control, precision, matrix effects or other 
interferences that could affect the quality of sample results.  Specific quality control components, which 
will be evaluated in the validation procedures, include: 

• Sampling and analysis date;  

• Sample custody;  

• Holding times;  

• Sample preservation; 

• Field and laboratory duplicate sample results; 

• Surrogate recoveries; 

• Matrix spike/matrix spike duplicate results; 
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• Laboratory control standards; and 

• Laboratory method blanks and lot assignment reports. 

The laboratory will also provide a case narrative indicating that the following parameters were reviewed 
as part of the sample analyses and the outcome of that review:  

- Tune summaries  

- Initial Calibration (ICAL) 

- Continuing Calibration Verification (CCV) 

- Internal standards 

- Prep sheets (analytical batch sheets) 

- Instrument log sheets 

The laboratory case narrative will be reviewed during the data validation process and pending the 
outcome of that review the Project Manager will determine if additional validation activities are 
warranted. 

DATA QUALIFIERS 
Once sample concentrations have been through the data validation process, data qualifiers will be added, 
as necessary.  Data qualifiers indicate that the reported sample concentration is below the detection limit, 
is estimated, or is rejected depending upon analytical conditions at the time of sample analysis.  Specific 
data qualifiers, which may be applied as a result of data validation, include the following: 

U - The analyte was not detected above the quantitation limit (QL). 

J  - The analyte was detected but the associated reported concentration is approximate and is 
considered estimated. 

R  - The reported analyte concentration is rejected due to serious deficiencies with associated 
quality control results.  The presence or absence of the analyte cannot be confirmed. 

UJ  - The analyte was not detected above the QL.  However, due to quality control results that did 
not meet acceptance criteria, the quantitation limit is uncertain and may not accurately 
represent the actual limit. 

All analyte concentrations will be reported to the QL.  Sample detections below the QL will be reported 
with a “J” qualifier. 

DATA REPORTING 
After data qualifiers have been added to the data set, an electronic version of the validated off-site 
laboratory data will be entered into a database in a format that is then available for interpretation. 

Information for each sample that is entered into the database will include, but is not limited to the 
following: 

• Sample identification number; 
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• Date sampled; 

• Analytical method; 

• Analyte name; 

• Reporting units; 

• Quantitation limit (QL); 

• Analytical results; 

• Validation qualifiers; and  

• Any required footnotes. 

Data validation will be performed by an entity independent of the laboratory generating the data. 
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FORM R 
 

DATA USABILITY 

Assessing data usability involves the process of reviewing and validating laboratory data and assessing 
whether it meets the prescribed project quality objectives.  The environmental quality data to be collected 
throughout the execution of the Field Work Scope have specific end uses.  For example, field screening 
data will be used to delineate excavation areas or to clear areas for redevelopment.  Data will also be 
incorporated into the body of historical environmental data that has been collected for the property. 

The validated data will be evaluated in terms of its precision, accuracy, representativeness, sensitivity, 
completeness, and comparability (PARCC). 

The following subsections describe the measurement performance criteria and data usability for this 
investigation.  In general, if issues with data quality are found in the data sets, they will be discussed and 
reviewed with the project team (including the laboratory, ExxonMobil and NYSDEC).  If data quality is 
determined to be compromised for any given sampling event, a data quality assessment will be included 
in the applicable project reports.  This assessment will evaluate the potential impact on the project, 
establish limitations of the data, and propose corrective actions, as appropriate. 

Precision 

Precision is a measure of the mutual agreement among individual measurements of the same property 
under prescribed conditions.  Precision is measured by performing duplicate measurements in the field or 
laboratory and is expressed in terms of Relative Percent Difference (RPD).   

Field and analytical duplicates have been incorporated into the program to assess the precision of the data.  
Field duplicate imprecision might be a reflection of several factors including: laboratory imprecision, 
sampling technique, decontamination procedures, and/or heterogeneity of contaminant distribution within 
the matrix.  Analytical duplicates are a direct indication of laboratory precision.   

The QC requirements, acceptance criteria, and potential corrective actions for field and laboratory 
duplicates are described on Form M.  If data validation and assessment indicates that field and/or 
laboratory duplicates do not meet measurement performance criteria for precision, the potential impact on 
the project will be evaluated in the data quality assessment included in the applicable project reports.  
This data quality assessment will establish limitations and potential corrective actions for the affected 
data.  If field duplicates appear to be the source of imprecision, sampling procedures may be re-evaluated 
and adjusted accordingly for future sampling and analysis events.  If poor precision is indicated in 
analytical duplicates, laboratory QA/QC procedures may need to be reviewed. 

Accuracy/Bias 

Accuracy/Bias is the degree of agreement of a measurement with an accepted reference or true value and 
is usually expressed in terms of Percent Difference (%D) or Percent Recovery (%R).  Accuracy is a 
measure of the bias of a system. 

Routine calibration checks of field instrumentation are performed to assess the accuracy of field 
measurements.  Equipment and trip blanks collected during field sampling activities measure accuracy by 
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assessing potential contamination introduced during sample collection and transport.  In the laboratory, 
initial calibrations, initial/continuing calibration verifications (ICVs/CCVs), sample matrix spike/matrix 
spike duplicates (MS/MSDs), internal standards (IS), sample surrogate recoveries, and laboratory control 
samples (LCS) are performed/checked to evaluate the accuracy of laboratory instrumentation.  The 
accuracy of laboratory analytical procedures is further evaluated through the analysis of method blanks 
that can assess potential contamination introduced during sample preparation and/or analysis.  

The QC requirements, acceptance criteria, and potential corrective actions for laboratory QC checks that 
measure accuracy and field and trip blank QC are described on Form M.  If data validation and 
assessment indicates that field and/or laboratory QC checks for accuracy do not meet measurement 
performance criteria, the potential impact on the project will be evaluated in the data quality assessment 
included in the applicable project reports.  Limitations and potential corrective actions for the affected 
data will be established in this data quality assessment.  If poor accuracy is indicated by analytical QC 
checks, laboratory procedures may need to be reviewed.  

Representativeness 

Sample representativeness will be assessed through the measures of precision and accuracy.  Field 
documentation, field duplicate analyses, and laboratory QC sample results will provide indices for the 
evaluation of data representativeness.  Field duplicates will be used to assess heterogeneity within a 
sampling medium.   

The representativeness of sample results will be based on the evaluation of precision and accuracy.  The 
data quality assessment included in the applicable project reports will address any issues concerning 
representativeness that develop upon data review and validation.  This data quality assessment will 
evaluate the potential impact on the project and establish limitations and potential corrective actions for 
the affected data. 

Sensitivity and Quantitation limits 

Sensitivity is the ability of the method or instrument to detect the constituents of concern and other target 
analytes at the project specified quantitation limits (QLs).  For this project, the minimum QLs will be 
based on the laboratory Practical Quantitation Limit (PQL).  PQLs represent the minimum concentration 
that can be routinely identified and quantitated above the method detection limit (MDL) by the laboratory.  
If problems regarding sensitivity and quantitation limits arise during data review and validation, the 
potential impact on the project will be evaluated in the data quality assessment included in the applicable 
project reports.  This data quality assessment will establish limitations and potential corrective actions for 
the affected data. 

Comparability 

Comparability between data sets will be made qualitatively to indicate the extent to which comparisons 
among different measurements of the same quantity will yield valid conclusions. The quality assurance 
objective for comparability is to ensure the comparability of results from each sampling event performed.  
The assessment of data comparability will begin once multiple sampling events have been performed.  
The data quality assessment included in the applicable project reports will address any issues concerning 
data comparability that arise upon data review and validation.  The potential impact on the project will be 
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evaluated in this data quality assessment and will establish limitations and potential corrective actions for 
the affected data.   

Completeness 

Completeness is a measure (percentage) of the amount of valid data obtained from a measurement system 
relative to the amount that would be expected to be obtained under correct, normal conditions.  A data set 
for a specific medium will be considered complete if 85% of the data packages are validatable and fully 
meet the data quality objectives provided in this QAPP.  If data validation and assessment indicates that 
measurement performance criteria for completeness has not been achieved, the potential impact on the 
project will be evaluated in the data quality assessment included in the applicable project reports.  This 
data quality assessment will establish limitations and potential corrective actions for the affected data. 

Data Limitations and Actions 

Data will be assessed with regard to the data quality objectives, measurement performance criteria, 
PARCC parameters, and the QC requirements included in Form M.  If data quality is determined to be 
compromised for any given sampling event, a data quality assessment will be included in the applicable 
project report.  This assessment will be used to describe and document data limitations based on the 
qualitative and quantitative performance criteria.  Based on how the data are to be used, data that do not 
meet all the criteria will be appropriately qualified and limited in its use.   

During field activities, QA/QC samples designed to assess sampling techniques (duplicates) will be 
collected and shipped at the frequencies provided on Form M.  If the need for corrective action is 
identified based on data validation and evaluation, actions will be outlined in the data quality assessment 
included in the applicable project reports. The data assessment process is to be an on-going process, 
implemented by the project team and the laboratory. 
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FIELD EQUIPMENT DECONTAMINATION PROCEDURE 
 
Decontamination of field equipment is necessary to ensure the quality of samples by preventing 
cross-contamination.  In addition, decontamination reduces health hazards and prevents the 
spread of contaminants off-site. 
 
Equipment needed: 
 

Large/heavy Equipment (i.e., Drill rigs, backhoes, augers, drill pipe, bits, casing, and 
screen): 
 
• High-pressure pump with steam-spray unit. 
• Stiff-bristle brushes. 
 
Small/sampling Equipment (i.e., Split spoons, bailers, bowls, and pumps): 
 
• Soap 
• Polyethylene sheeting 
• Stiff-bristle brushes. 
• Wash bottles or manual pump sprayer. 
• 10% methanol solution (optional) 
• Distilled water 
• Tap water 
 

Procedure.  The following steps will be followed when decontaminating large/heavy equipment: 
 

1. The field crew or contractor will construct a decontamination area at a designated area on 
site of 6-mil polyethylene, large enough to capture decontamination fluids.  
Decontamination of equipment will be performed over the decontamination pad.  
Depending on site contaminants, equipment may be decontaminated at each drilling 
location.  Decon water will be collected and drummed for proper disposal. 

2. Equipment and tools will be cleaned between each location and prior to the initiation of 
any sampling. 

3. Spray areas (rear of rig or backhoe) exposed to contaminated soils using steam or high-
pressure sprayer.  Be sure to spray down all surfaces, including the undercarriage. 

4. Document that decontamination was performed in the appropriate logbook. 
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Procedure.   The following steps will be followed when decontaminating sampling equipment 
including split-spoons, spatulas, and hand tools that directly contact samples. 

 
1. Set up a decontamination line.  The decontamination line should progress from “dirty” to 

“clean”, with an area for drying decontaminated equipment.  The decontamination line 
should be set up on polyethylene sheeting. 

2. Wash the item thoroughly in a bucket of soapy water (tap water).  Use a stiff-bristle brush 
to dislodge any clinging dirt.  Disassemble any items that might trap contaminants 
internally before washing.  Do not reassemble until decontamination is complete. 

3. Rinse the item in a bucket containing clear tap water.  Rinse water should be replaced as 
needed. 

4. Document that decontamination was performed in the appropriate logbook. 
5. Disposable items will be bagged for disposal as general refuse.   
6. Decontamination water will be drummed for proper disposal. 

 
QA/QC 
 
The Project Field Task Manager or designated alternate will oversee decontamination procedures 
to ensure that they have been completed according to the procedures outlined above.  Equipment 
blanks will be collected and analyzed throughout the program to determine the effectiveness of 
decontamination procedures.  Blank number and frequencies are presented in the QAPP. 
 
References 
 
None. 



 
 
 
 
 
 
 
 
 
 

SOP-6 
Revised November 2007 

 
 
 
 

STANDARD OPERATING PROCEDURE FOR TEST PIT SAMPLING 
 
 

Woodard & Curran, Inc. 
 

 



Author:  K. Kasper   Issued by:  Woodard & Curran, Inc. 
Revised by: A. Proctor   SOP No:  S-6 

   Revision:  3 
   Date:  November 2007 

   Page 1 of 3 
 
 
Test Pit Sampling Procedure 
 
Test Pits will be excavated with backhoe equipment to provide detailed visual examination of 
near surface soil, groundwater, and bedrock conditions.  Test Pit soil samples may be collected 
using stainless steel and/or Teflon-lined scoops, trowels, shovels, spoons, or spatulas. 
 
Equipment needed: 
 

• Bound field logbook. 
• Sample tags. 
• Appropriate sample containers and labels. 
• Insulated cooler and ice. 
• Decontamination equipment and supplies. 
• Personal protective clothing and equipment as required by the site-specific 

Health and Safety Plan (HASP). 
• Stainless steel or aluminum trays or bowls. 
• Stainless steel shovels, trowels, spoons, or spatulas. 
• Backhoe Equipment 

 
Test Pit Sampling Procedure: 
 

1. Contact DIG SAFELY.NEW YORK at (800) 962-7962 prior to any subsurface 
investigation.  In addition, contact local utilities that may have underground services 
on or near the Site.   

2. Follow the sampling pattern outlined in the QAPP. 
3. Mark the location of potential test pits. 
4. At the direction of the project staff on-site, the backhoe operator will excavate the 

test pit in increments.   
5. Test pit excavations will cease if any of the following occurs: 

• Distinct changes in stratigraphy or materials 
• Odors 
• Groundwater or fluid phase contaminants 

6. The requirements for collecting grab samples of soil are as follows: 
a. Use a clean stainless steel trowel or spoon to collect sufficient material to 

fill the sample containers. 
b. Fill the sample containers directly from the sampling device, removing 

stones, twigs, grass, etc., from the sample.  Additional sample containers 
may be required to obtain enough material for a minimum of 30 percent 
solids. 

c. Immediately secure the caps on the sample container. 
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d. Label container with the appropriate information.  NOTE:  Container may 
be labeled prior to sample collection. 

e. Record samples (e.g., sample ID, location, depth, method, etc.) in the 
bound field logbook. 

f. Pack sample in cooler with ice.  The only preservation required for soil 
samples is to cool them to 4 degrees Celsius.  A small plastic temperature 
blank will be filled with water and placed in the cooler with the samples.  
The temperature of the samples will be determined at the laboratory by 
measuring the temperature of the temperature blank. 

g. Use decontaminated sampling equipment at each sample location to 
minimize cross-contamination. 

             h. In the event that a duplicate sample is collected: fill duplicate jars for 
VOAs as described above.  For other parameters, place sufficient sample   
quantity in a stainless steel bowl and mix.  Split the mixed sample into 
duplicate sampling jars. 

              i. VOC containers will be preserved with methanol.  Pre-measured vials 
                       containing the appropriate quantity of methanol will be provided by the 
                       laboratory. 
 

Field Log Information: 
 
At a minimum, field logs for test pit excavation will include the following documentation: 
 

• Plan and profile sketches of the test pit showing materials encountered, the depth 
of material, and sample locations 

• Sketch of the test pit and distance and direction from permanent, identifiable 
location marks as appropriate 

• A description of the material removed from the excavation  
• A record of samples collected 
• The presence or absence of water in the test pit and the depth encountered 
• Other readings, or measurements taken during excavation, including field 

screening reading 
 
Unless otherwise specified and the site-specific HASP discusses appropriate procedures, no 
personnel will enter the test pit.  In addition, all test pits will be backfilled on the day of 
excavation.  In most cases, excavation materials will be stockpiled on polyethylene sheeting and 
then returned to the test pit as backfill.  In the event that grossly contaminated soil is excavated, 
excavated soils will be placed in roll-offs pending characterization and proper disposal at an 
appropriate off-site facility.  The excavation will then be backfilled with uncontaminated soil 
pursuant to 6 NYCRR 375-6.7(d), free of extraneous debris or solid waste The backfill will be 
certified clean or sampled at a frequency of one sample per 50 cubic yards. 
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QA/QC 
 
QA/QC procedures are outlined in the sampling procedures discussed above.  Duplicates, blanks, 
and spikes have been incorporated into the QAPP to assess potential for sampling, shipping, and 
laboratory impacts on data quality.  Percent solids will also be analyzed for each sediment sample 
so that proper concentration adjustments can be made. 
 
References 
 
“Soil Covers and Backfill” - 6 NYCRR 375-6.7(d). 
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AIR MONITORING PROCEDURES - BREATHING ZONE 
 
Air monitoring will be performed during invasive field activities to obtain qualitative volatile 
organic compound (VOC) and particulate concentrations in order to protect site workers and the 
community.  Air monitoring will be completed upwind, near the activity in the worker’s breathing 
zone, and downwind during sampling and intrusive activities.  If a detection of total VOCs or 
particulate above the action levels indicated below is observed, stop work and immediately 
notify the Project Field Task Manager prior to implementing actions.  Refer to the site-
specific HASP for additional health and safety procedures.  All monitoring records 
(readings) and instrument calibration sheets must be available for NYSDEC or NYSDOH 
personnel to review.  
 
Equipment Needed: 
 
• Two Photoionization Detectors (PIDs) equipped with 10.0 or greater eV lamps, one hand-

held and one monitoring station, capable of calculating 15-minute running average 
concentrations 

• Two particulate monitoring stations capable of measuring particulate matter less than 10 
micrometers in size (PM-10) integrated over a period of 15 minutes (or less) and equipped 
with audible alarm  

• Calibration Sheets 
• Field Log Book 
• Personal Protective Equipment as outlined in the HASP 
 
Air Monitoring Steps - PID measurements: 
 
1.  Calibrate the PIDs using procedures outlined in the instrument operations manual.  The 

instrument should be calibrated at the beginning of each day of use and a check calibration at 
the finish of each field day.  Consult the instrument operations manual for troubleshooting 
suggestions.   

2.  Set-up a monitoring station at the downwind perimeter of the work area or exclusion zone. 
3.  Using the hand-held instrument, measure upwind/background VOC concentrations at the start 

of each day and every 4-hours thereafter. 
4.  Also using the hand-held instrument, approximately every hour near the planned activities, 

measure VOC concentrations in the breathing zone, approximately 2-5 feet above the ground 
surface. 

 
If the ambient air concentration of total VOCs at the downwind perimeter of the exclusion zone 
exceeds 5 parts per million (ppm) above background for the 15-minute average, work activities 
must be temporarily halted and monitoring continued. If the total VOC level readily decreases 
(per instantaneous readings) below 5 ppm over background, work activities can resume with 
continued monitoring. 
 
If total VOC levels at the downwind perimeter of the work area or exclusion zone persist at levels 
in excess of 5 ppm over background but less than 25 ppm, work activities must be halted, the 
source of vapors identified, corrective actions taken to abate emissions, and monitoring 
continued. After these steps, work activities can resume provided that the total VOC level in the 
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worker’s breathing zone is in compliance with the action level in the site-specific H&SP, and 200 
feet downwind of the exclusion zone or half the distance to the nearest potential receptor or 
residential/commercial structure, whichever is less - but in no case less than 20 feet, is below 5 
ppm over background for the 15-minute average. 
 
If the VOC level is above the action level for worker safety in the site-specific H&SP, or above 
25 ppm at the perimeter of the work area, activities must be shutdown. 
 
Particulate Monitoring Steps: 
 
1. Calibrate the meter using procedures outlined in the instrument operations manual.  The 

instrument should be calibrated at the beginning of each day of use and a check calibration at 
the finish of each field day.  Consult the instrument operations manual for troubleshooting 
suggestions.   

2. Set-up monitoring stations at the upwind/background and downwind perimeter of the 
exclusion zone. 

3. Throughout the day, visually monitor fugitive dust migration. 
 
If the downwind PM-10 particulate level is 100 micrograms per cubic meter (mcg/m3) greater 
than background (upwind perimeter) for the 15-minute period or if airborne dust is observed 
leaving the work area, then dust suppression techniques must be employed (for example, wetting 
selected areas). Work may continue with dust suppression techniques provided that downwind 
PM-10 particulate levels do not exceed 150 mcg/m3 above the upwind level and provided that no 
visible dust is migrating from the work area. 
 
If, after implementation of dust suppression techniques, downwind PM-10 particulate levels are 
greater than 150 mcg/m3 above the upwind level, work must be stopped and a re-evaluation of 
activities initiated.  Work can resume provided that dust suppression measures and other controls 
are successful in reducing the downwind PM-10 particulate concentration to within 150 mcg/m3 
of the upwind level and in preventing visible dust migration. 
 
QA/QC 
  
See above. 
 
 
References 
 
NYSDOH Generic Community Air Monitoring Plan – Appendix D to the NYSDEC Voluntary 
Cleanup Program Guide, Draft May 22, 2002. 
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Lab Manager                                

QA Manager                                  

Effective Date:_________________________

TEST NAME: METHOD 8270C, SEMIVOLATILE ORGANIC COMPOUNDS BY GAS
CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

REFERENCE: SW846 8270C (Revision 3, December 1996)

Revised Sections:  Table 9

1.0 SCOPE AND APPLICATION

1.1 The following method describes the analytical procedure that is utilized by Accutest to analyze
semivolatile organic compounds in extracts prepared from all types of solid waste matrices, soils, and
water samples. Options are incorporated for the analysis of sixteen (16) polyaromatic hydrocarbons
(PAH) and other compounds listed in table 8A by selected ion monitoring GC/MS (GC/MS-SIM).

1.2 Table 1 lists the neutral, acidic, and basic organic compounds that can be determined by this method. 
The applicable concentration range of this method is compound and instrument dependent.  Some
compounds may require special treatment due to the limitations caused by sample preparation and/or
chromatographic problems.

2.0 SUMMARY OF METHOD

2.1 This method is performed in accordance with the following extraction methodologies in SW846, 3rd
Edition: 3510, 3520, 3540, 3550 and 3580. 

2.2 The resultant methylene chloride extract is injected into a tuned and calibrated GC/MS system equipped
with a fused silica capillary column.  The GC column is temperature-programmed to separate the
analytes, which are then detected with a mass spectrometer (MS) connected to the gas chromatograph.

2.3 The peaks detected are qualitated by comparison to characteristic ions and retention times specific to
the known target list of compounds.

2.4 Once identified, the compound is quantitated by internal standard techniques with an average response
factor generated from the calibration curve.

2.5 Additional unknown peaks with a response greater than 10 % of the closest internal standard may be
processed through a library search with comparison to a NIST98 database.  An estimated concentration
is quantitated by assuming a response factor of 1.

2.6 This method includes analytical options for PAHs and other selected compounds by GC/MS-SIM.  The
extract is fortified with an additional SIM specific internal standard mix and analyzed using selected ions
that are characteristic of the compounds of interest following the analysis of lower concentration
calibration standards analyzed under the same MS scan conditions. Qualitative and quantitative
identification is conducted using the procedures employed for full scan analysis.  
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3.0 REPORTING LIMIT & METHOD DETECTION LIMIT

3.1 Reporting Limit.  The reporting limit for this method is established at either method detection limit or
the lowest concentration standard in the calibration curve, depending on the requirements of
different regulatory programs.  Detected concentrations below this concentration cannot be reported
without qualification. See table 9.

3.1.1 Compounds detected at concentrations between the reporting limit and MDL are
quantitated and qualified as “J”, estimated value.  Program or project specifications may
dictate that “J” qualified compounds are not to be reported.

3.2 Method Detection Limit.  Experimentally determine MDLs using the procedure specified in 40 CFR,
Part 136, Appendix B.  This value represents the lowest reportable concentration of an individual
compound that meets the method qualitative identification criteria.

3.2.1 Experimental MDLs must be determined annually for this method. 

3.2.2 Process all raw data for the replicate analysis in each MDL study.  Forward the processed
data to the QA group for archiving.

4.0 DEFINITIONS

BATCH - a group of samples which behave similarly with respect to the sampling or the testing
procedures being employed and which are processed as a unit.  For QC purposes, if the number of
samples in a group is greater than 20, then each group of 20 samples or less will all be handled as a
separate batch.

BLANK - an analytical sample designed to assess specific sources of laboratory contamination.

CONTINUING CALIBRATION - a mid-range calibration check standard run every 12 hours to verify the
initial calibration of the system.

EXTRACTED ION CURRENT PROFILE (EICP) - a plot of ion abundance versus time (or scan number)
for ion(s) of specified mass (Es).

INITIAL CALIBRATION - analysis of analytical standards for a series of different specified concentrations
which cover the working range of the instrument; used to define the linearity and dynamic range of the
response of the mass spectrometer to the target compounds.

INTERNAL STANDARDS - compounds added to every standard, blank, matrix spike, matrix spike
duplicate, and sample extract at a known concentration, prior to analysis.  Internal standards are used as
the basis for quantitation of the target compounds and must be analytes that are not sample components.

MATRIX - the predominant material of which the sample to be analyzed is composed.

MATRIX SPIKE - aliquot of a matrix (water or soil) fortified (spiked) with known quantities of specific
compounds and subjected to the entire analytical procedure in order to indicate the appropriateness of the
method for the matrix by measuring recovery.

MATRIX SPIKE DUPLICATE - a second aliquot of the same matrix as the matrix spike (above) that is
spiked in order to determine the precision of the method.
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METHOD BLANK - an analytical control consisting of all reagents, internal standards and surrogate
standards, is carried throughout the entire preparatory and analytical procedure.  The method blank is
used to define the level of laboratory, background and reagent contamination.

METHOD DETECTION LIMITS (MDLs) -  The minimum concentration of a substance that can be
measured and reported with 99% confidence that the analyte concentration is greater than zero and is
determined from analysis of a sample in a given matrix containing the analyte.  MDLs should be
determined approximately once per year for frequently analyzed parameters.

PERCENT DIFFERENCE (%D) - As used to compare two values, the percent difference indicates both
the direction and the magnitude of the comparison, i.e., the percent difference may be either negative,
positive, or zero. (In contrast, see relative percent difference.)

PRIMARY QUANTITATION ION - a contract specified ion used to quantitate a target analyte.

REAGENT WATER - water in which no interferant is observed at or above the minimum detection limit of
the parameters of interest.

RECONSTRUCTED ION CHROMATOGRAM (RIC) - a mass spectral graphical representation of the
separation achieved by a gas chromatograph; a plot of total ion current versus retention time.

RELATIVE PERCENT DIFFERENCE (RPD) - As used to compare two values, the relative percent
difference is based on the mean of the two values, and is reported as an absolute value, i.e., always
expressed as a positive number or zero.  (In contrast, see percent difference.)

RELATIVE RESPONSE FACTOR (RRF) - a measure of the relative mass spectral response of an analyte
compared to its internal standard.  Relative Response Factors are determined by analysis of standards
and are used in the calculation of concentrations of analytes in samples.

RELATIVE RETENTION TIME (RRT) - the ratio of the retention time of a compound to that of a standard
(such as an internal standard).

RESOLUTION - also termed separation or percent resolution, the separation between peaks on a
chromatogram, calculated by dividing the depth of the valley between the peaks by the peak height of the
smaller peak being resolved, multiplied by 100.

SECOND SOURCE CALIBRATION CHECK STANDARD - a standard from a separate source than the
calibration curve that is used to verify the accuracy of the calibration standards.  An external check must
be run whenever an initial calibration is performed.

SURROGATES - pure analytes added to every blank, sample, matrix spike, matrix spike duplicate, and
standard in known amounts before extraction or other processing; used to evaluate analytical efficiency
by measuring recovery. Surrogates are brominated, fluorinated, or isotopically labeled compounds not
expected to be detected in environmental media. 
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5.0 HEALTH & SAFETY

5.1 The analyst must follow normal safety procedures as outlined in the Accutest Health and Safety Plan
and Personal Protection Policy, which include the use of safety glasses and lab coats.  In addition, all
acids are corrosive and should be handled with care.  Flush spills with plenty of water.  If acids contact
any part of the body, flush with water and contact the supervisor.

5.2 The toxicity or carcinogenicity of each reagent used in this method has not been precisely
determined; however, each chemical should be treated as a potential health hazard.  Exposure to
these reagents should be reduced to the lowest possible level.  The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the safe handling of the
chemicals specified in this method.  A reference file of data handling sheets is made available to all
personnel involved in these analyses. 

5.3 The following analytes covered by this method have been tentatively classified as known or
suspected human or mammalian carcinogens: benzo(a)anthracene, benzidine, 3,3’-
dichlorobenzidine, benzo(a)pyrene, dibenzo(a,h)anthracene, N-nitrosodimethylamine, and 4,4’-
DDT. Prepare primary standards of these toxic compounds in a hood.  A NIOSH/Mass approved
toxic gas respirator must be worn when the analyst handles high concentrations of these toxic
compounds.

6.0 INTERFERENCES

6.1 The data from all blanks, samples, and spikes must be evaluated for interferences. 

6.2 Method interferences may be caused by contaminants in solvents, reagents, glassware, and other
stages of sample processing.  Refer to "The Preparation of Glassware for Extraction of organic
contaminants" SOP for practices utilized in the extraction department.

6.3 Matrix interferences may be caused by contaminants that are co-extracted from the sample.  The extent
of matrix interferences will vary considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled.

6.4 To reduce carryover when high-concentration samples are sequentially analyzed, the syringe must be
rinsed out between samples with solvent.   Whenever an unusually concentrated sample is
encountered, it should be followed by the analysis of solvent to check for cross contamination.

7.0 SAMPLE COLLECTION, PRESERVATION, & HOLDING TIMES

7.1 Water samples may be collected in 1-liter glass bottles with Teflon insert in caps.  Soil samples may be
collected in 250-ml widemouth amber glass bottles.

7.1.1 Sample should be taken with care so as to prevent any portion of the collected sample coming
in contact with the sampler's gloves, thus avoiding possible phthalate contamination.

7.2 Test all aqueous samples for residual chlorine using test paper for free and total chlorine. If the sample
tests positive for residual chlorine, add 80 mg of sodium thiosulfate to each liter of sample.

7.3 The samples must be protected from light and refrigerated at 4° C from the time of receipt until
extraction and analysis.
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7.4 Store the sample extracts at -10 °C in amber vials (protected from light), in sealed vials equipped with
unpierced PTFE-lined septa.

7.5 HOLDING TIME

7.5.1 Aqueous samples must be extracted within 7 days of sampling.

7.5.2 Soil, sediments and concentrated waste samples must be extracted within 14 days of
sampling.

7.5.3 Extracts must be analyzed within 40 days following extraction.  

8.0 APPARATUS & MATERIALS

8.1 GAS CHROMATOGRAPH/MASS SPECTROMETER SYSTEM

8.1.1 Gas Chromatograph.   HP-5890, HP-6890, or Agilent 6890-N which includes an analytical
system that is complete with a temperature programmable gas chromatograph and all required
accessories including syringes, capillary chromatographic columns, and gases.

8.1.1.1 The injection port is designed for splitless injection with capillary columns.

8.1.1.2 The capillary column is directly coupled to the source.

8.1.2 Column.

8.1.2.1 30 m x 0.25 mm fused silica (0.25 µm film thickness) DB-5MS or equivalent capillary
column.  Condition the column as per manufacture's directions.

8.1.3 Mass Spectrometer (HP-5972, HP-5973 or Agilent 5975).

8.1.3.1 Full Scan Mode -Capable of scanning from 35-500 amu every 1 second or less
utilizing 70 volt (nominal) electron energy in the electron impact ionization mode.

8.1.3.2 SIM Mode- Capable of selective ion grouping at specified retention times for increased
compound sensitivity (table 2a).

8.1.3.3 Capable of producing a mass spectrum which meets all the EPA performance criteria
in Table 3 when injecting 50 ng of Decafluorotriphenyl phosphine (DFTPP).

8.2 DATA SYSTEM

8.2.1 Acquisition and Instrument Control: HP Chemstation.  A computer system is interfaced to the
mass spectrometer that allows the continuous acquisition and storage on machine readable
media (disc) of all mass spectra obtained throughout the duration of the chromatographic
program.

8.2.2 Data Processing: HP Enviroquant.  The software accommodates searching of GC/MS data
files for analytes which display specific fragmentation patterns.  The software also allows
integrating the abundance of an EICP between specified time or scan number limits.  The data
system includes the NIST98 spectra library for qualitative searches of non-target compounds
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present in the chromatogram.  It flags all data files that have been edited manually by
laboratory personnel.

8.2.3 Offline Magnetic Tape Storage Device (Lagato Networker) - the magnetic tape storage device
copies data for long term, offline storage.

8.3 SYRINGE

8.3.1 10 µl graduated, auto sampler (Hamilton or equiv.).

9.0 REAGENTS AND STANDARDS

9.1 Solvents - Ultra pure, chromatography grade methylene chloride and acetone.

9.2 Stock Standard Solutions.

9.2.1 Certified, commercially prepared standards, from two separate sources are used.

9.2.1.1 Base Neutrals.

• Base/Neutrals Mix #1 (Absolute: Semivolatile Organics Standard Mix # 1).
• Base/Neutrals Mix #2 (Absolute: Semivolatile Organics Standard Mix # 2).
• PAH Mix (Absolute: Semivolatile Organics Standard Mix # 7).
• PAH Mixture #2 (Ultra).
• PAH Selected Ion Monitoring Mixture
• Benzidines Mix (Absolute: Semivolatile Organics Standard Mix # 6).
• Toxic Substances  #2 (Absolute: Semivolatile Organics Standard Mix # 5).
• Pyridines Mixture (Ultra).
• Additonal requested compound(s) mix (Absolute).
• Base Neutral Mixture (2nd Source).

Acids.

• Phenols Mix (Absolute: Semivolatile Organics Standard Mix # 8).
• Toxic Substances #1(Absolute: Semivolatile Organics Standard Mix # 4).
• Acid Mixture (2nd Source).

9.2.2 Internal Standard Mixtures.

9.2.2.1 Ultra (or equivalent) at a concentration of 4,000 µg/ml for each of the following
compounds.

Full Scan
• 1,4-Dichlorobenzene-d4
• Naphthalene-d8
• Acenaphthene-d10
• Phenanthrene-d10
• Chrysene-d12
• Perylene-d12
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SIM
• 1,2-Dichlorobenzene-d4
• 1-Methylnaphthalene-d10
• Fluorene-d10
• Fluoranthene-d10
• Benzo(a)pyrene-d12

9.2.2.2 The internal standards should permit most of the components of interest in a
chromatogram to have retention times of 0.8 - 1.20 relative to one of the internal
standards.

9.2.2.3 Each 1 ml sample extract, and standard undergoing analysis should be spiked with 10
µl of the internal standard mixtures, resulting in a concentration of 40 µg/ml of each
internal standard for full scan analysis and 4 ug/ml for SIM analysis.

9.2.3 Surrogate Standard Mixture.

9.2.3.1 B/N Surrogate Standard Mix: RESTEK (or equivalent) at a concentration of 5,000 µg/ml
each surrogate compound.

 
• Nitrobenzene-d5.
• 2-Fluorobiphenyl.
• p-Terphenyl-d14.

9.2.3.2 Acid Surrogate Standard Mix: RESTEK (or equivalent) at a concentration of 7,500 µg/ml
each surrogate compound.

• Phenol-d5.
• 2-Fluorophenol.
• 2,4,6-Tribromophenol.

9.2.4 DFTPP Tune Stock.

9.2.4.1 Protocol (or equivalent) at a concentration of 2,500 µg/ml for the following compounds.

• Decafluorotriphenylphosphine.
• 4,4’-DDT.
• Benzidine.
• Pentachlorophenol.

9.2.5 Store at -10 oC or less when not in use or according to the manufacturer's documented
holding time and storage temperature recommendations. Stock standard solutions must be
replaced after 1 year or sooner if manufacture’s expiration date comes first or comparison with
quality control check samples indicates degradation.
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9.3 Surrogate Spiking Solutions.

9.3.1 Two surrogate spiking solutions, base/neutral surrogate solution and acid surrogate solution,
at a concentration of 100 µg/ml are prepared in Extraction.  Spike each sample, and blank with
0.5 ml of each solution, prior to extraction, for a final concentration of 50 µg/l of each surrogate
compound in the extract.

9.3.2 A calibration range must be constructed for the surrogate compounds.  Accordingly,
appropriate amounts of surrogates are mixed with each calibration solution to define a range
similar to the target compounds.

9.3.3 Store at -10 °C or less or according to the manufacturer’s documented storage
temperature recommendations.  Prepare fresh surrogate spiking solutions every year, or
sooner, if the manufacturer’s expiration dates come first or if the solution has degraded or
evaporated.

9.4 Intermediate Calibration Standard Solution.

9.4.1 The calibration stock solution is prepared by adding an appropriate amount of each stock and
surrogate compounds into a 10 ml volumetric flask.  Dilute the solution to the volume with
methylene chloride and mix thoroughly.  Refer to Table 7A for details.

9.5 Calibration Standards.

9.5.1 Initial Calibration Standards.

9.5.1.1 Calibration standards containing the surrogate compounds should be made by
quantitative dilutions of the above intermediate solution.  The calibration standards
are prepared at a minimum of five concentrations to cover the range of 2 - 100
µg/ml  for full scan and 0.2 – 15ug/ml for SIM, depending upon project specific
requirements.  Suggested levels and preparations are shown in Table 7B.

9.5.2 Continuing Calibration Verification.

9.5.2.1 The concentration of the mid range standard used for continuing calibration
verification is alternated between 25 and 50 µg/ml for full scan and 2.5 and 5.0 for
SIM. 

9.5.3 Store the calibration standards in a refrigerator at 4 °C and prepare every 6 months or
             before the manufacturer’s expiration date, whichever is sooner.  Standards must be     
             replaced immediately if the analysis of check standards indicates degradation.

9.6 Second Source Calibration Check Standard. 

9.6.1 Second source calibration check standard is prepared per Table 7C, using the
intermediate solutions prepared in Extraction.

9.6.2 A second source calibration check standard is analyzed after each initial calibration.

9.7 Daily GC/MS Performance Checks.
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9.7.1 The solution is prepared at 50 µg/ml by making a 1:50 dilution of DFTPP stock solution
(Section 9.2.4) in methylene chloride. 

9.8 Matrix Spike Solutions.

9.9.1 The matrix spike solutions for both Base/Neutral and Acid are prepared in Acetone at a
concentration of 100 µg/ml for each compound.  Prepare the matrix spike, matrix spike
duplicate and blank spike by spiking the selected sample and the blank with 0.5 ml of these
solutions for a final concentration of 50 µg/l of each compound.

9.10 All organic new standard solutions are analyzed prior to use to verify the accuracy of the prepared
concentration. 

9.10.1 The prepared standard solution is analyzed using the determinative (instrumental) technique
for the method. 

9.10.2 The solution is analyzed following the completion of instrument calibration or a calibration
check.

9.10.3 The concentration of the standard solution is determined using the software routines used in
determining the acceptability of calibration verification. 

9.10.4 The data is evaluated and the percent difference determined.  The standard solution is
approved for use if all designated compounds are present in the solution and the percent
difference is less than the established criteria (±20%).

10.0 CALIBRATION

10.1 Initial Calibration.

10.1.1 The calibration range covered for routine analysis under RCRA employs standards of 2, 5, 10,
, 25, 50, 80, 100 µg/ml for full scan and 0.2, 1, 2.5, 5, 10, and 15 ug/ml for SIM.  A minimum of
five standards must be run sequentially. The reporting limit is established by the concentration
of the lowest standard analyzed during the initial calibration.  Lower concentration standard
may be needed to meet the reporting limit requirements of state specific regulatory program. 
The linear range covered by this calibration is the highest concentration standard.

10.1.2 A calibration range must be constructed for each surrogate compound.  Accordingly, add
appropriate amounts of surrogate spiking solutions to the calibration solution to define a range
similar to the target compounds.

10.1.3 Aliquot 1 ml of each calibration standard into a 2 ml crimp top vial.

10.1.4 Prior to analysis, add 10 µl of the applicable (Full acan and/or SIM) internal standard solution
(Section 9.2.2) to each standard. This results in a concentration of 40 µg/ml (Full scan) and
4ug/ml (SIM) for each internal standard.
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10.1.5 Analyze the standard solutions using the conditions established in Section 11.0.   Each
analyte is quantitatively determined by internal standard technique using the closest eluting
internal standard and the corresponding area of the major ion. See Table 6.

10.1.6 The Response Factor (RF) is defined in Section 13.1.  Calculate the mean RF for each target
analyte, using minimum of five RF values calculated from the initial calibration curve.

10.1.7 For the initial calibration to be valid, the following criteria must be met.

10.1.7.1 The System Performance Check Compounds (SPCCs) (Table 5) must be checked for
a minimum average response factor. The minimum mean response factor for these
compounds is 0.05.  If the initial calibration criteria for SPCCs are not achieved,
perform corrective action before completing the calibration.

10.1.7.2 The % RSD for each individual Calibration Check Compound (CCC) (Table 5) must
be less than 30 %. This check is used to identify gross instrument operating problems.
If the initial calibration criteria for CCCs are not achieved, perform corrective action
before completing the calibration.

10.1.7.3 The percent relative standard deviation (% RSD) (see Section 13.2) of all target
analytes must be less than 15 %.

10.1.7.4 If the %RSD of any individual (non CCC) compound is >15%, employ an alternative
calibration linearity model.  Specifically, linear regression using a least squares
approach may be employed.

10.1.7.4.1 If a linear regression is employed, select the linear regression calibration
option of the mass spectrometer data system.  Do not force the
regression line through the origin and do not employ 0,0 as a sixth
calibration standard.

10.1.7.4.2 The correlation coefficient (r value) must be ≥0.99 for each compound to
be acceptable.

10.1.7.4.3 Perform corrective action and recalibrate if the calibration criteria cannot
be achieved.

10.1.7.5 The initial calibration criteria for this method applies to all additional compounds of
concern specified by the client.

10.1.7.6 The relative retention times of each target analyte in each calibration standard should
agree within 0.06 relative retention time units.

10.2 Second Source Calibration Check Standard.

10.2.1 The calibration is verified with a calibration check standard at 50 µg/ml (Full scan) or 5ug/ml
(SIM) from an external source (Section 9.6).  It must be analyzed immediately following the
initial calibration.

10.2.2 The percent difference (% D) (Section 13.3) for this standard must meet the criteria of 20% for
all the target compounds. 
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10.2.2.1 If % D is greater than 20%, reanalyze the second source check.  If the criteria cannot
be met upon re-injection, re-prepare the second source solution using a fresh
ampoule and repeat the process.

10.2.2.2 If the %D criteria cannot be achieved after re-preparation of the second source,
prepare a third source and repeat the process.  Make fresh calibration standards
using one of the two standard sources that match each other.

10.3 Continuing Calibration Verification Standard.

10.3.1 A calibration verification standard at close mid-level concentration of the initial calibration range
at alternating 25 and 50ug/ml for full scan and 2.5ug/ml and 5ug/ml for SIM must be acquired
every 12 hrs.

10.3.1.1  Vary the concentration of calibration verification standard on alternate verifications
(i.e. every other calibration verification) using an alternative concentration standard.
 The standard selected must be lower than the midpoint calibration standard.

10.3.2 For the continuing calibration to be valid, all of the following specified criteria must be met.

10.3.2.1 The minimum RF for SPCC compounds must be 0.05.  Each SPCC compound in the
calibration verification standard must meet its minimum response factor. The percent
difference (% D) for CCC compounds must be less than 20%.

10.3.2.1.1 If the CCCs are not part of the target list, then all targeted analytes must
meet the 20% D criteria.  All non-CCC compounds should also meet the
20% D criteria. 

10.3.3 If the first continuing calibration verification does not meet criteria, a second standard may
be injected after notify the team leader/manager and checking the system for defects. 

10.3.3.1 A continuing calibration check is allowed to be repeated only once; if the second
trial fails, a new initial calibration must be performed.  In situations where the first
check fails to meet the criteria, the instrument logbook should have clear
documented notations as to what the problem was and what corrective action was
implemented to enable the second check to pass.

10.3.4 If the verification criteria cannot be achieved, a new initial calibration must be performed.

10.3.5 If any of the internal standard areas change by a factor of two (- 50% to + 100%) or the
retention time changes by more than 30 seconds from the midpoint standard of the last initial
calibration, the mass spectrometer must be inspected for malfunctions and corrections must
be made, as appropriate.

10.3.5.1 Reanalyze the continuing calibration standard. New initial calibration is required if
reanalyzed standard continues to fail the internal standard requirements. 

10.3.5.2 All samples analyzed while the system was out of control must be reanalyzed
following corrective action.
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11.0 PROCEDURE

11.1 Instrument Conditions.

11.1.1 Recommended instrument conditions are listed in Table 2 and 2a (SIM only). Modifications of
parameters specified with an asterisk are allowed as long as criteria of calibration are met. 
Any modification should be approved by team leader/manger.

11.2 Daily GC/MS Performance Checks.

11.2.1 Mass Spectrometer Tuning.  Every 12-hour, inject 1 µl of 50 ng/µl or 2 µl of 25 ng/µl DFTPP
solution directly on to the column.

11.2.2 The GC/MS system must be checked to verify that acceptable performance criteria are
achieved (see Table 3).

11.2.3 This performance test must be passed before any sample extracts, blanks or standards are
analyzed.  Evaluate the tune spectrum using three mass scans from the chromatographic
peak and a subtraction of instrument background.

11.2.3.1 Select the scans at the peak apex and one to each side of the apex.

11.2.3.2 Calculate an average of the mass abundances from the three scans. 

11.2.3.3 Background subtraction is required.  Select a single scan in the chromatogram that
is absent of any interfering compound peak and no more than 20 scans prior to the
elution of DFTPP. The background subtraction should be designed only to
eliminate column bleed or instrument background ions. Do not subtract part of the
tuning compound peak.

11.2.4 If all the criteria are not achieved, the analyst must retune the mass spectrometer with team
leader/manager and repeat the test until all criteria are met.

11.2.4.1 Alternatively, an additional scan on each side of the peak apex may be selected and
included in the averaging of the mass scans.  This will provide a mass spectrum of
five averaged scans centered on the peak apex.  NOTE: The selection of additional
mass scans for tuning may only be performed with supervisory approval on a case by
case basis.

11.2.5 The injection time of the acceptable tune analysis is considered the start of the 12-hour clock.

11.2.6 In order to assess GC column performance and injection port inertness, the DFTPP tune
standard also contains appropriate amount of 4,4’-DDT, benzidine and pentachlorophenol.

11.2.6.1 Injection Port Inertness Check.

11.2.6.1.1 The injection port inertness of the GC portion of the GC/MS is evaluated by
the percent breakdown of 4,4’-DDT.  DDT is easily degraded in the injection
port.  Breakdown occurs when the injection port liner is contaminated by high
boiling residue from sample injection or when the injector contains metal
fittings. Check for degradation problems by injecting a GC/MS tune standard
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containing 4,4’-DDT every 12 hour, regardless of whether DDT is a target
analyte.  The degradation of DDT to DDE and DDD should not exceed 20%,
in order to proceed with calibration procedures.  Refer to Section 13.7 for
calculation.

11.2.6.2 Column Performance Check.

11.2.6.2.1 The condition of the GC column is evaluated by the tailing of benzidine and
pentachlorophenol every 12 hour.  Benzidine and pentachlorophenol should
be present at their normal responses, with no visible peak tailing, as
demonstrated by the peak tailing factors.  The tailing factor criteria for
benzidine (base-neutral fraction) must be < 3 and for pentachlorophenol
(acid fraction) must be < 5. 

11.2.6.3 If degradation is excessive and/or poor chromatography is observed, the injector port
may require cleaning.  It may also be necessary to break off the first 6-12 in. of the
capillary column.

11.3 Initial Calibration

11.3.1 Refer to Section 10.1.

11.4 Second Source Calibration Check

11.4.1 This standard must at least be analyzed when initial calibration provided.  Refer to Section
10.2.

11.5 Continuing Calibration Checks

11.5.1 Refer to Section 10.3.

11.6 Sample Analysis.

11.6.1 Allow the sample extract to warm to room temperature.  Spike 10 µl of the appropriate internal
standard mix (4,000 µg/ml for full scan and 400ug/ml for SIM) into 1 ml sample extract, just
prior to analysis.  This is equivalent to a concentration of 40 µg/ml (full scan) and 4ug/ml (SIM)
of each internal standard.   

11.6.2 Inject 1 µl aliquot of the sample extract into the GC/MS system.  A splitless injection technology
is used.

11.6.3 If the response for any ion of interest exceeds the working range of the GC/MS system, dilute
the extract and reanalyze.

11.6.4 When the extracts are not being used for the analyses, store them at -10oC, protected from
light, in sealed vials equipped with unpierced PTFE-lined septa.
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11.7 Sample Dilution

11.7.1 Establish dilution of sample in order to fall within calibration range or to minimize the matrix
interference.

• Utilize screen data (specific project only).
• Utilize acquired sample data.
• Utilize the history program or approval from client/project.
• Sample characteristics (appearance, odor).

11.7.2 If no lower dilution has been reported, the dilution factor chosen should keep the response
of the largest peak for a target analyte in the upper half of the initial calibration range of the
instrument.

11.7.3 Preparing Dilutions.

11.7.3.1 Prepare sample dilutions quantitatively.  Dilute the sample extract with methylene
chloride using logical volume to volume ratios, i.e., 1:5, 1:10, 1:50, etc. Large
dilutions may require serial dilutions or the use of a Class A 10 ml volumetric flask.

11.7.3.2  Syringe dilutions. – Calibrated syringes are used to prepare dilutions. Add 
               the appropriate amount of methylene chloride to a clean autosampler vial.              
                Add the proper amount of sample using a calibrated syringe of the appropriate 
               volume for the dilution. Add sufficient internal standard to maintain a concentration
                of 40ug/ml. Cap the vial and gently shake to disperse the sample through the
               solvent.

11.7.3.3  Volumetric Flask Dilutions – Large dilutions may require the use of a 10 ml
               Class A Volumetric flask.

11.8 Establishing Search Criteria.  Search criteria for each compound listed in the method must be
entered into the method quantitation/identification file in the Enviroquant software package.  This
activity must be performed before attempting qualitative and quantitative analysis on any acquired
data file. The search criteria are based on compound retention time and the characteristic ions from
the reference mass spectrum. Characteristic ions are defined as the three ions of greatest relative
intensity, or any ions over 30% relative intensity, if less than three such ions occur in the reference
spectrum. The number of secondary ions displayed for each compound search varies between
compounds.

11.8.1 Select the primary ion for the target compound from the characteristic ions in Table 6.  If
multiple characteristic ions are listed, the first ion is the major (primary) ion.  Enter this ion as
the search ion.  Enter the relative abundance of this ion (100% for base peak ions) and set the
relative abundance window at ± 30%.

11.8.1.2 Alternate primary ions may be selected when interferences exist from ion abundance
contribution from close eluting compounds.

11.8.2 Enter the remaining ions as secondary ions.  Secondary ions are not be used to locate peaks
within the search window, but are be used to support the qualitative identification of selected
peaks. The number of secondary ions displayed for each compound search varies
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between compounds depending on the number of ions in the spectra >30% relative
abundance.

11.8.3 Set the relative abundance windows for the secondary ions at ± 30%.

11.8.4 Establish the relative retention window for each compound.  Because it is a relative retention
window the same width window applies to all compounds on the quantitation list.  The window
must be established at a minimum of 0.06 relative retention time units.

11.9 Data Interpretation.

11.9.1 Executing Qualitative Searches. The target compounds shall be identified by analyst with
competent knowledge in the interpretation of mass spectra by comparison of the sample
mass spectrum to the mass spectrum of a standard of the suspected compound. 

11.9.1.1 The search procedure will identify peaks within the search window using the primary
ion only.  Secondary ions and the relative retention are used to determine “the best
match”.  If the best match contains secondary ions outside the relative abundance
window, they will be flagged with a # sign.

11.9.2 Qualitative Identification.  The qualitative identification of compounds determined by this
method is based on retention time and on comparison of the sample mass spectrum, after
background correction, with characteristic ions in a reference mass spectrum. 
Compounds are identified when the following criteria are met.

11.9.2.1 The intensities of the characteristic ions of a compound must maximize in the
same scan or within one scan of each other. 

11.9.2.2 The sample component must elute at the same relative retention time (RRT) as the
daily standard.  Criterion is the RRT of sample component must be within ± 0.06 RRT
units of the standard.

11.9.2.3 The relative intensities of the characteristic ions agree within 30% of the relative
intensities of these ions in the reference spectrum.  (Example:  For an ion with an
abundance of 50% in the reference spectrum, the corresponding abundance in a
sample spectrum can range between 20% and 80%.)

11.9.2.3.1 If a chromatographic peak exhibits a spectrum containing an ion with relative
abundance outside the relative abundance window is selected for reporting,
the analyst must annotate the spectra that the compound qualified based on
his/her best judgement. This circumstance will most often occur from
coeluting compounds with similar ions or background matrix interferences.

11.9.3 Quantitative Analysis.

11.9.3.1 Once a target compound has been identified, its concentration (Section 13.4) will
be based on the integrated area of the quantitation ion, normally the base peak
(Table 6).  The compound is quantitated by internal standard technique with an
average response factor generated from the initial calibration curve.
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11.9.3.2 If the sample produces interference for the primary ion, use a secondary ion to
quantitate.  This may be characterized by an excessive background signal of the
same ion, which distorts the peak shape beyond a definitive integration.  Also
interference could severely inhibit the response of the internal standard ion. The
secondary ion must be used to generate a new response factor.

11.10 Library Search for Tentatively Identified Compounds.

11.10.1 If a library search is requested, the analyst should perform a forward library search of the
NIST98 mass spectral library to tentatively identify 10 to 15 non-reported compounds (15 for
base, 10 for acid, 25 for base/acid fraction).

11.10.2 Guidelines for making tentative identification are listed below.

11.10.2.1 These compounds should have a response greater than 10% of the nearest internal
standard.  The response is obtained from the integration for peak area of the Total
Ion Chromatogram (TIC).

11.10.2.2 The search is to include a spectral printout of the 3 best library matches for a
particular substance. The results are to be interpreted by analyst.

11.10.2.3 Molecular ions present in the reference spectrum should be present in the sample
spectrum.

11.10.2.4 Relative intensities of major ions in the reference spectrum (ions > 10 % of the most
abundant ion) should be present in the sample spectrum.

11.10.2.5 The relative intensities of the major ions should agree within ± 20 %.  (Example: For
an ion with an abundance of 50% in the standard spectrum, the corresponding
sample ion abundance must between 30 and 70%).

11.10.2.6 Ions present in the sample spectrum but not in the reference spectrum should be
reviewed for possible background contamination or presence of coeluting
compounds.

11.10.2.7 Ions present in the reference spectrum but not in the sample spectrum should be
verified by performing further manual background subtraction to eliminate the
interference created by coeluting peaks and/or matrix interference.

11.10.3 Quantitation of the tentatively identified compounds is obtained from the total ion
chromatogram based on a response factor of 1 and is to be tabulated on the library search
summary data sheet.

11.10.4 The resulting concentration should be reported indicating: (1) that the value is estimate, and
(2) which internal standard was used to determine concentration.  Quantitation is performed
on the nearest internal standard.

11.11 Selected Ion Monitoring (SIM) Option

11.11.1 Instrument Set-Up:  Modify the method for SIM analysis and define ion groups with
retention times, ions and dwell times to include base peak ion for the target compounds of
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interest, surrogates, and internal standards (Table 2a, Table 8a)  Select a mass dwell time
of 50 milliseconds for all compounds.

11.11.2 Calibration: Calibrate the mass spectrometer in the selected ion monitoring mode using 6
calibration standards of 0.2, 1.0, 2.5, 5.0, 10.0 and 15.0 ug/ml.  Spike each standard with
the SIM specific internal standard solution at 4ug/ml.  Calculate individual response
factors and response factor RSDs using the procedures and criteria described in Section
10.1.6, 10.1.7.3 and 10.1.7.4.

11.11.3 Initial Calibration Verification.  Verify the initial calibration after its completion using a 5.0
ug/ml calibration standard purchased or prepared from a second standards reference
materials source. The initial calibration verification must meet the criteria of Section
10.2.2.

11.11.4 Continuing Calibration Verification.   Verify the initial calibration every 12 hours using a 5.0
ug/ml calibration.   The continuing calibration verification must meet the criteria of Section
10.3.

11.11.5 Sample Extract Analysis:  Each extract has been previously spike with the SIM internal
standard at 4 ug/ml.  Analyze the sample extracts for the compounds of interest using the
SIM scan parameters employed for the calibration standards. 

11.11.6 Surrogate Standard Calculation..  Report surrogate spike accuracy for the surrogates spiked
for the full scan GC/MS analysis at 40 ug/ml.

12.0 QUALITY CONTROL

12.1 QC Requirements Summary.

Daily GC/MS Performance Checks Beginning of the analytical shift and every 12 hours
Initial Calibration Whenever needed.
Second Source Calibration Check Following initial calibration
Continuing Calibration Verification Every 12 hours.
Method Blank One per extraction batch*.
Blank Spike One per extraction batch*.
Matrix Spike One per extraction batch*.
Matrix Spike Duplicate One per extraction batch*.
Surrogate Every sample extract and standard.
Internal Standard Every sample extract and standard.

*The maximum number of samples per batch is twenty or per project specification.

12.2 Daily GC/MS Performance Checks.

12.2.1 Refer to Section 11.2.

12.3 Initial Calibration.

12.3.1 Refer to Section 10.1.

12.4 Second Source Calibration Check.
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12.4.1 Refer to Section 10.2.

12.5 Continuing Calibration Verification.

12.5.1  Refer to section 10.3.

12.6 Method blank.

12.6.1 The method blank is either reagent water or anhydrous sodium sulfate (depending on the
sample matrix) which must be extracted with each set of 20 or less samples.  For a running
batch, a new method blank is required for each different extraction day. The method blank is
then extracted and carried through all stages of the sample preparation and measurement.

12.6.2 If the method blank contains a target analyte above its MDL (Appendix I), the entire batch
must be re-extracted and re-analyzed.

12.6.3 Surrogate compounds are added to the method blank prior to extraction.  If the surrogate
accuracy in the method blank does not meet in house criteria (Appendix I), it must be
reanalyzed. If the reanalysis confirms the original data, the entire batch should be re-extracted.

12.7 Blank Spike

12.7.1 A blank spike must be extracted with each set of 20 or less samples.  For a running batch,
a new blank spike is required for each different extraction day. The blank spike consists of
an aliquot of a clean (control) matrix similar to the sample matrix and of the same volume. 
It is spiked with the same analytes at the same concentrations as the matrix spike/matrix
spike duplicate.

12.7.1.1 An additional blank spike is prepared for sample batches that contain samples
which are analyzed for Polynuclear aromatic hydrocarbons.  The concentration of
tye bl;ank spike is prepared at 

12.7.2 The blank spike recoveries should be assessed using in house limits specified in Appendix
I. 

12.7.3 If a blank spike is out of control, the following corrective actions must be taken and all the
associated samples must be re-extracted and reanalyzed.  The exception is if the blank
spike recovery is high and no hits reported in associated samples and QC batch.  In that
case, the sample results can be reported with footnote (remark) and no further action is
required.

12.7.3.1  Check to be sure that there are no errors in the calculations, or spike solutions.  If
errors are found, recalculate the data accordingly.

12.7.3.2  Check instrument performance.  If an instrument performance problem is
identified, correct the problem and reanalyze the sample batch.

12.7.3.3  If no problem is found, re-extract and reanalyze the sample batch.
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12.8 Matrix Spike(MS) / Matrix Spike Duplicate(MSD)

12.8.1 One sample is randomly selected from each extraction batch and spiked in duplicate to assess
the performance of the method as applied to a particular matrix and to provide information on
the homogeneity of the matrix.  Both the MS and MSD are carried through the complete
sample preparation, and determinative procedures.

12.8.2 Matrix spikes are prepared by spiking an actual sample at a concentration of 50 µg/l for both
base/neutral and acids.

12.8.3 Assess the matrix spike recoveries (% R) (Section 13.5) and relative percent difference (RPD)
(Section 13.6) against the control limits in Appendix I.

12.8.4 If the matrix spike accuracy of any individual compound is out of control, the accuracy for
the compound in the blank spike must be within control.  In such case, matrix interference
is assumed and the data is reported with footnote (e.g., spike recovery indicates possible
matrix interference).  No further corrective action is required.

12.9 Surrogates

12.9.1 All standards, blanks, sample extracts, and matrix spikes contain surrogate compounds which
are used to monitor the performance of the extraction and analytical system.

 
12.9.2 The recoveries (Section 13.5) of the surrogates must be evaluated to determine whether or not

they fall within surrogate control limits (Appendix I) developed by the laboratory annually.

12.9.3 If the recovery of any surrogate compound does not meet the control limits, the calculation
must be checked for possible error.  The surrogate solution should be checked for
degradation. Contamination and instrument performance should also be reviewed.

12.9.3.1 Reanalyze the extract if no calculation errors are detected.  If the surrogate
recoveries for the reanalyzed extract are in control, report the data from the
reanalysis only.

12.9.3.2 If the data from the reanalysis is also out of control, re-extract and reanalyze the
sample.

12.9.3.3 If, upon reanalysis, the surrogate recoveries are acceptable, report the reanalysis
data.  If the holding time has expired prior to the reanalysis, report both the original
and reanalysis results and note the holding time problem.

12.9.3.4 If the recovery is again not within limits, the problem is considered to be matrix
interference.  Submit both data sets with the original analysis being reported.

12.9.4 If the sample exhibits matrix interference, defined as excessive signal where target or non-
target responses are greater than the response of the internal standards.  In this case,
reanalysis may not be required following team leader/manager approval; the surrogates will be
qualified as outside the limits due to matrix interference.  Alternatively, sample may be
reanalyzed on dilution, if the reanalysis is again not within the limit, the sample should be
reported with a footnote indicating that there were possible matrix interference.
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12.10 Internal Standards.

12.10.1 Retention time for all internal standards must be within ± 30 seconds of the corresponding
internal standard in the latest continuing calibration or 50 µg/ml standard of initial calibration.

12.10.2 The area (Extracted Ion Current Profile) of the internal standard in all analyses must be within
50 to 200 % of the corresponding area of the latest calibration standard (12 hr. time period).

12.10.3 If the area of internal standard does not meet control limits, the calculations must be checked. 
If a problem is not discovered, the sample must be reanalyzed.

12.10.4 If the areas are acceptable upon reanalysis, the reanalysis data is reported.

12.10.5 If the areas are unacceptable upon reanalysis, then both sets of data are submitted with the
original analysis reported.

13.0 CALCULATION

13.1 Response Factor (RF).

  As x CisRF  =   Ais x Cs

where:
 
As   = Area of the characteristic ion for the compound being measured.
Ais  = Area of the characteristic ion for the specific internal standard.
Cs  = Concentration of the compound being measured (µg/ml).
Cis  = Concentration of the specific internal standard (µg/ml).

13.2 Percent Relative Standard Deviation (%RSD).

  SD%RSD =  RFav
x 100

where:

SD = Standard Deviation.
RFav  = Average response factor from initial calibration.

13.3 Percent Difference (%D).

| RFav - RFcv |% D =        RFav
X 100

where:  RFcv = Response factor from Calibration Verification Standard.
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13.4 Concentration (Conc.).

13.4.1 for water:

As x Cis x Vf x D x 1000Conc. (µg/l)  =        Ais x RFav x Vi

13.4.2 for soil/sediment (on a dry weight basis):

As x Cis x Vf x D x 1000Conc. (µg/kg)  =     Ais x RFav x Ws x S

where: 

Vf  = Final Volume of total extract (ml).
D   = Secondary dilution factor.
Vi  = Initial volume of water extracted (ml).
Ws  = Weight of sample extracted (g).
S   =  (100 - % moisture in sample) / 100.

13.5 Percent Recovery (%R).

   Concentration found% R =   Concentration spiked x 100

13.6 Relative Percent Difference (RPD).

  ⏐MSC - MSDC⏐RPD  = (1/2)(MSC+MSDC) x 100

where:

MSC  = Matrix Spike Concentration.
MSDC = Matrix Spike Duplicate Concentration.

13.7 Percent Breakdown.

Total DDT degradation peak area% Breakdown for DDT =          Total DDT peak area x 100

where: 

Total DDT degradation peak area = DDE + DDD
Total DDT peak area = DDT + DDE + DDD.
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13.8 Linear regression by the internal standard technique.

As
  Cs = ( Ais

- b

a
) x Cis

Where: 
Cs = concentration of target analyte
As = Area of target analyte
Cis = concentration of the internal standard
b = Intercept
a = slope of the line

 

     N Σxy - Σx Σy  a  =
     N Σx2  - (Σx)2

     Σy – a Σx  b =            N

            N = number of points
            x = amount of analyte
            y =  response of instrument

13.9 Correlation Coefficient
                 

            _       _
    Σ(x - x)(y - y)r  =           _           _
√Σ(x - x)2 Σ(y - y)2

                  
                   Where  r = correlation coefficient

           x = amount of analyte
           y = response of instrument

            _          
            x = average of x values
            _          
            y = average of y values

14.0 DOCUMENTATION

14.1 The Analytical Logbook is a record of the analysis sequence; the logbook must be completed daily. 
Each instrument will have a separate logbook.

14.1.1 If samples require reanalysis, a brief explanation of the reason must be documented in this log.



ACCUTEST LABORATORIES
Standard Operating Procedure

FN: EMS8270-12
Pub. Date:  06/08/1998
Rev. Date:  5/9/2007
Page 23 of 35

14.2 The Standard Preparation Logbook must be completed for all standard preparations.  All information
requested must be completed, the page must be signed and dated by the respective person.

14.2.1 The Accutest Lot Number must be cross-referenced on the standard vial.

14.3 The Instrument Maintenance Logbook must be completed when any type of maintenance is performed
on the instrument.  Each instrument has a separate log.

14.4 Any corrections to laboratory data must be done using a single line through the error.  The initials of the
person and date of correction must appear next to the correction.

14.5 Unused blocks of any form must be X’ed and Z’ed by the analyst before submitting the data for review.

14.6 Supervisory (or peer) personnel must routinely review (at least once per month) all laboratory
logbooks to ensure that information is being recorded properly.  Additionally, the maintenance of
the logbooks and the accuracy of the recorded information should also be verified during this
review.

15.0 DATA REVIEW AND REPORTING

15.1 Initial and continuing calibration check.  Verify that all calibration and continuing calibration criteria
have been achieved.  If the criteria had not been achieved, corrective action must be performed to
bring the system in control before analyzing any samples.

15.1.1 If samples had been analyzed under non-compliant calibration criteria, all sample extracts
must be re-analyzed once the system is brought into control.

15.2 Quality Control Data Review.  Review all QC data.  If QC criteria were not achieved, perform
corrective action before proceeding with analysis.

15.2.1 In some situation, corrective action may demand that the entire sample batch be re-
extracted and re-analyzed before processing data.

15.3 Chromatogram Review.  The chromatogram of each sample is evaluated for target analytes.

15.3.1 Each sample may require the reporting of different target analytes.  Review the login to
assure that the correct target compounds are identified.

15.3.2 Manual integration of chromatographic peaks must be identified by the analysts by
initialing and dating the changes made to the report.

15.4 Transfer to LIMS.  Following the initial screen review, transfer the processed data to the LIMS.

15.4.1 Print the processed data and compare the printed values to the original values to verify
transfer accuracy.

15.4.2 If transfer errors occurred, the errors must be corrected before the data is re-submitted.

15.5 Hardcopy Print & Data Package Assembly.
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15.5.1 After successful transfer is verified, approve the data and print a hard copy.

15.5.2 Assemble the data package combining the LIMS output and instrumental data.

15.5.3 Pass the entire package forward to the supervisor for final review and release approval.

16.0 POLLUTION PREVENTION & WASTE MANAGEMENT

16.1 Users of this method must perform all procedural steps in a manner that controls the creation
and/or escape of wastes or hazardous materials to the environment.  The amounts of standards,
reagents, and solvents must be limited to the amounts specified in this SOP.  All safety practices
designed to limit the escape of vapors, liquids or solids to the environment must be followed.  All
method users must be familiar with the waste management practices described in section 16.2.

16.2 Waste Management.  Individuals performing this method must follow established waste
management procedures as described in the waste management SOP, ESM003.  This document
describes the proper disposal of all waste materials generated during the testing of samples as
follows:

16.2.1 Non hazardous aqueous wastes.

16.2.2 Hazardous aqueous wastes

16.2.3 Chlorinated organic solvents

16.2.4 Non-chlorinated organic solvents

16.2.5 Hazardous solid wastes

16.2.6 Non-hazardous solid wastes

17.0 ADDITIONAL REFERENCES

17.1 No additional references are required for this SOP.
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Table 1 – Target Compounds by SW846 8270C
Benzenethiol (1) 4-Bromophenyl phenyl ether Di-n-octyl phthalate 5-Nitro-o-toluidine
Benzoic Acid Butyl benzyl phthalate Diethyl phthalate Naphthalene
2-Chlorophenol Benzyl Alcohol Dimethyl phthalate Nitrobenzene
4-Chloro-3-methyl phenol 1,1'-Biphenyl (1) 2,3-Dichloroaniline (1) n-Nitrosodimethylamine
2,4-Dichlorophenol Butyl Stearate (1) Decane 4-Nitroquinoline 1-Oxide
2,4-Dimethylphenol 2-Chloronaphthalene Octadecane (1) N-Nitroso-di-n-propylamine
2,4-Dinitrophenol 4-Chloroaniline bis(2-Ethylhexyl)phthalate N-Nitrosodi-n-butylamine
2,6-Dichlorophenol Carbazole Ethyl methanesulfonate N-Nitrosodiethylamine
4,6-Dinitro-2-
methylphenol Caprolactam (1) Famphur N-Nitrosodiphenylamine

Dinoseb Chlorobenzilate Fluoranthene N-Nitrosomethylethylamine
2-Methylphenol Chrysene Fluorene N-Nitrosomorpholine
3&4-Methylphenol Cumene (1) Hexachlorobenzene N-Nitrosopiperidine
2-Nitrophenol bis(2-Chloroethoxy)methane Hexachlorobutadiene N-Nitrosopyrrolidine
4-Nitrophenol bis(2-Chloroethyl)ether Hexachlorocyclopentadiene O,O,O-Triethyl phosphorothioat
Pentachlorophenol bis(2-Chloroisopropyl)ether Hexachloroethane 2-Picoline
Phenol 4-Chlorophenyl phenyl ether Hexachlorophene Parathion
2,3,4,6-
Tetrachlorophenol 1,2-Dichlorobenzene Hexachloropropene Pentachloroethane (1)

2,4,5-Trichlorophenol 1,2-Diphenylhydrazine Indene (1) Pentachlorobenzene
2,4,6-Trichlorophenol 1,3-Dichlorobenzene Indeno(1,2,3-cd)pyrene Pentachloronitrobenzene
2-Acetylaminofluorene 1,4-Dichlorobenzene Isodrin Phenacetin
4-Aminobiphenyl 2,4-Dinitrotoluene Isophorone Phenanthrene
Acenaphthene 2,6-Dinitrotoluene Isosafrole Phorate
Acenaphthylene 3,3'-Dichlorobenzidine Kepone Pronamide
Acetophenone 3,3'-Dimethylbenzidine 1-Methylnaphthalene Pyrene
Aniline 1,4-Dioxane (1) 2-Methylnaphthalene Pyridine

Anthracene 7,12-
Dimethylbenz(a)anthracene 3-Methylcholanthrene p-Phenylenediamine

Aramite Dimethylnaphthalenes (total)
(1)

4,4'-Methylenebis(2-
chloroaniline) Quinoline (1)

Atrazine (1) Diallate Methapyrilene Safrole
alpha-Terpineol Dibenz(a,h)acridine Methyl methanesulfonate 1,2,4,5-Tetrachlorobenzene
A,A-
Dimethylphenethylamine Dibenzo(a,h)anthracene Methyl parathion 1,2,4-Trichlorobenzene

Benzidine Dibenzofuran 6-Methyl Chrysene (1) 1,2,3-Trichlorobenzene (1)
Benzaldehyde (1) Dimethoate 1,4-Naphthoquinone 1,3,5-Trichlorobenzene (1)
Benzo(a)anthracene Diphenylamine 1-Naphthylamine Thionazin
Benzo(a)pyrene Disulfoton 2-Naphthylamine o-Toluidine
Benzo(b)fluoranthene m-Dinitrobenzene 2-Nitroaniline sym-Trinitrobenzene

Benzo(g,h,i)perylene p-
(Dimethylamine)azobenzene 3-Nitroaniline Tetraethyl dithiopyrophosphate

Benzo(k)fluoranthene Di-n-butyl phthalate 4-Nitroaniline
(1) NELAC Accreditation is not offered for this compound. Results may not be useable for regulatory purposes

in States where this accreditation option is not offered.
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Table 2 - RECOMMENDED OPERATING CONDITIONS: Gas Chromatograph/ Mass Spectrometer
Injection Type Splitless
Carrier Gas (linear velocity) Helium at 30 cm/sec*
Mass range 35-500 AMU
Electron Energy 70 volts (nominal)
Scan time not to exceed 1 sec. per scan
Injection port temperature 200-300 °C
Source temperature 220-270 °C
Transfer line temperature 250-300 °C
Analyzer temperature 220-250 °C
Gas Chromatograph Temperature Program*
Initial temperature 40-50 °C*
Time 1 2-4 minutes*
Column temperature rate 8-25 degrees/min*
Final temperature 290-320 °C according to column type*
Total run time *20-40  minutes*

* Parameter modification allowed for performance optimization as long as QC criteria are achieved.

Table 2a – SIM Group Parameters
Group No. Retention Time (minutes) Ions

1 0 – 7.8 150, 64, 93, 82, 152, 99, 63, 128, 112, 42, 95
2 7.8 – 11 150, 128, 225, 142, 172, 152, 129, 223, 141, 171,

122, 127, 227, 115, 170
3 11 – 13.8 172, 152, 166, 182, 334, 266, 176, 153, 165, 330,

284, 264, 174, 154, 77, 332, 286, 268
4 13.8 – 18 266, 179, 202, 122, 268, 212, 203, 284, 178, 213,

244, 286
5 18 – 22 244, 229, 167, 122, 226, 202, 228, 149, 203
6 22 – 34.7 264, 149, 253, 278, 263, 150, 250, 139, 265, 252,

276, 138

Table 3 - DFTPP KEY IONS AND ION ABUNDANCE CRITERIA
Mass Ion Abundance Criteria
51 30-60 of mass 198
68 <2 % of mass 69
70 <2 % of mass 69
127 40-60 % of mass 198
197 <1 % of mass 198
198 Base peak, 100 % relative abundance
199 5-9 % of mass 198
275 10-30 % of mass 198
365 >1 % of mass 198
441 Present but less than mass 443
442 >40 % of mass 198
443 17-23 % of mass 442
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Table 4 - INTERNAL STANDARDS
Internal Standard (Full Scan) Prim/Sec. ions
1,4-Dichlorobenzene-d4 152 / 150, 115
Naphthalene-d8 136 / 68
Acenaphthene-d10 164 / 162, 160
Phenanthrene-d10 188 / 94, 80
Chrysene-d12 240 / 120, 236
Perylene-d12 264 / 260, 265
Internal Standard (SIM) Prim/Sec. ions
1,2-Dichlorobenzene-d4 152/ 150
1-Methylnaphthalene-d10 150/ 152, 122
Fluorene-d10 174/ 176
Fluoranthene-d10 212/ 213
Benzo(a)pyrene- d12 264/ 263, 265

Table 5 - Criteria for CCC and SPCC
Initial Calibration: CCC % RSD is ≤ 30 %. Continuing Calibration: CCC % D is ≤ 20 %
Calibration Check Compounds (CCC)
Base Neutral Acid
1,4-Dichlorobenzene Phenol
Hexachlorobutadiene 2,4-Dichlorophenol
Acenaphthene 2-Nitrophenol
Fluoranthene 4-Chloro-3-methylphenol
N-Nitrosodiphenylamine 2,4,6-Trichlorophenol
Di-n-octyl phthalate Pentachlorophenol
Benzo (a) pyrene
System Performance Check Compounds (SPCC)
Base Neutral Acid
N-Nitroso-di-n-propylamine 2,4-Dinitrophenol
Hexachlorocyclopentadiene 4-Nitrophenol
Minimum acceptable average relative response factor (RRF) is 0.050 for SPCC.
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Table 6 – Full Scan Semivolatile Internal Standards with Corresponding Analytes Assigned for Quantitation
1,4-Dichlorobenzene-d4 Ions Acenaphthene-d10 Ions

Aniline (93/66,65) Acenaphthene (154/153,152)
Benzaldehyde (105) Acenaphthylene (152/151,153)
*Benzenethiol (110) *1-Chloronaphthalene (162/127,164)
Benzyl alcohol (108/79,77) 2-Chloronaphthalene (162/127,164)

Bis(2-chloroethyl)ether (93/63,95) 4-Chlorophenylphenyl ether (204/206,141)
Bis (2-chloroisopropyl )ether 121 Dibenzofuran (168/139)

2-Chlorophenol (128/64,130) Diethyl phthalate (149/177,150)
Cumene (105,120) Dimethyl phthalate (163/149,164)
Decane (43) *m-Dinitrobenzene (168)

1,3-Dichlorobenzene (146/148,111) 2,4-Dinitrophenol (184/63,154)
1,4-Dichlorobenzene (146/148,111) 2,4-Dinitrotoluene (165/63,89)
1,2-Dichlorobenzene      (146/148,111) 2,6-Dinitrotoluene (165/63,89)

1,4 Dioxane (88) Fluorene (166/165,167)
*Ethyl methanesulfonate (79/109,97) Hexachlorocyclopentadiene (295/237,142)
2-Fluorophenol (SURR.)             (112) *1,4 – Naphthoquinone (158)

Hexachloroethane (117/201,199) *1- Naphthylamine (143/115,116)
Indene (116) *2- Naphthylamine (143/115,116)

*Methyl methanesulfonate (80/79,64) 2-Nitroaniline (65/92,138)
2-Methylphenol (108/107,79) 3-Nitroaniline (138/108,92)
4-Methylphenol (108/107,79) 4-Nitroaniline (138/108,92)

*N-Nitrosodiethylamine (102) 4-Nitrophenol (139/109,65)
N-Nitrosodimethylamine (74/42) * 5 Nitro-o-toluidine (152)

N-Nitroso-di-n-propylamine (70/101,130) Pentachlorobenzene (250/252,248)
*N-Nitrosomethyethylamine              (42) *Pentachloronitrobenzene (237/235,272)

* N-Nitrosomorpholine              (56) *Phenacetin (108/109,179)
* N-Nitrosoptrrolidine              (41) *Phorate (75)

*O-Toluidine              (106) *Pronamide (173/175,145)
* Petachloroethane              (167) *1,2,4,5-Tetrachlorobenzene (216/214,218)

Phenol              (94) *2,3,4,6-Tetrachlorphenol (232/230,131)
Phenol-d5 (SURR.)              (99) *Tetraethyldithiopyrophosphate (322)

*2-Picoline (93/66,92) *Thioazin (143)
Pyridine (79)            2,4,6-Trichlorophenol  (196/198,200)

2,4,5-Trichlorophenol (196/198,200)
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Table 6 (cont’d) – Full Scan Semivolatile Internal Standards with Corresponding Analytes Assigned for
Quantitation

Naphthalene-d8 Ions Phenanthrene-d10 Ions
*A,A-Dimethylphenethylamine (58) *4-Aminobiphenyl (169/168,170)

*Acetophenone (105/77,51) Anthracene (178/176,179)
Benzoic acid (184/92,185) Atrazine (58)

Bis(2-chloroethoxy)methane (93/95,123) 4-Bromophenyl phenyl ether (248/250,141)
Caprolactam (55) Carbazole (167)

4-Chloroaniline (127) *Diallate (86)
4-Chloro-methylphenol (107/144) *Dimethoate (87)

2,3 Dichloroaniline (161) Di-n-Butyl phthalate (149/150)
2,4-Dichlorophenol (162/164,98) 4,6-Dinitro-2-methylphenol (198/51,105)
*2,6-Dichlorophenol (162/164,98) *Dinoseb (211)

Dimethylnaphthalene (156) *Diphenylamine (169/168,167)
2,4-Dimethylphenol (122/107) 1,2-Diphenylhydrazine (77/105)

*a,a-Dimethyl-phenethylamine (58/91,42) *Disulfoton (88)
Hexachlorobutadiene (225/223,227) Fluoranthene (202/101,203)

*Hexachloroprene (213) 2-Fluorobiphenyl (SURR) (172)
Isophorone (82/95,138) Hexachlorobenzene (284/142,249)
*Isosafrole (127) *Isodrin (193)

1-Methylnaphthalene (142) *Methapyriline (58)
2-Methylnaphthalene (142/141) *Methyl Parathion (125)

Naphthalene (128/129,127) N-Nitrosodiphenylamine (169/168,167)
Nitrobenzene (77/123,65) *4-Nitroquinoline 1-oxide (190)

Nitrobenzene-d5 (SURR.)               (82) Octadecane (57)
N-Nitroso-di-n-butylamine (84/57/41) *Parathion (109)

2-Nitrophenol (139/109,65) Pentachlorophenol (266/264,268)
Quinoline (129) Phenanthrene (178/179,176)

*N-Nitrosopiperidine (42/114,55) *Pronamide (173)
*p-Phenylenediamine (108) sym- Trinitrobenzene (213)

*O,O,O-Triethylphosphorthioat (198)   2,4,6 Tribromophenol (SURR) (330)
*Safrole (162)

alpha –Terpineol (128) Perylene-d12 Ions
1,2,3-Trichlorobenzene (180/182,145) Benzo(b)fluoranthene (252/125)
1,2,4-Trichlorobenzene (180/182,145) Benzo(k)fluoranthene (252/125)
1,3,5-Trichlorobenzene (180/182,145) Benzo(g.h.i)perylene (276/138,277)

Benzo(a)pyrene (252/253,125)
Chrysene-d12 Ions *Dibenz(a,j)acridine (279/280)

2 –Acetylaminofluorene (181) Dibenz(a,h)anthracene (278/139,279)
*Aramite (194) *7,12-Dimethylbenz(a)anthracene (256/241,257)
Benzidine (184) Di-n-Octyl Phthalate (149)

Benzo(a)anthracene (228/229/226) Hexachlorophene (196)
Bis(2-ethylhexyl)phthalate (149/167,279) Indeno(1,2,3-d)pyrene (276)

Butylbenzyl phthalate (149/91) *3-Methylchloanthrene (268/253)
*Chlorobenzilate (251) * non-routine target compound

Chrysene (228/226,229)
3,3'-Dichlorobenzidine (252/254,126)

*p-Dimethylaminoazobenzene (120/225,77)
*3,3 Dimethylbenzidine (212)

*Famphur (218)
*Kepone (272)

* Methyl Chrysene (242)
Pyrene (202/200,203)

Terphenyl-d14 (SURR.) (244)
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Table 6a – SIM Semivolatile Internal Standards with Corresponding Analytes Assigned for Quantitation
1,4-Dichlorobenzene-d4 Ions Fluoranthene-d10 Ions
2-Fluorophenol (Surr) (112) Fluoranthene 202, 101, 203
Phenol-d5 (Surr)              (99) Pyrene 202, 203
Bis-(2-chloro-ethyl)ether 93, 63, 95 Terphenyl-d14 (Surr) (244)
Nitrobenzene-d5 (Surr) (82) Benzo(a)anthracene 228, 229, 226

Chrysene 228, 226, 229
1-Methylnaphthalene-d10 Ions Bis(2-ethylhexylphthalate 149, 167, 279
Naphthalene 128, 129, 127
Hexachlorobutadiene 225, 223, 227 Benzo(a) pyrene-d12 Ions
2-Methyl Naphthalene 142, 141, 115 Di-n-octyl phthalate 149, 150, 43
2-Fluorobiphenyl (Surr) (172) Benzo(b)fluoranthene 252, 253

Benzo(k)fluoranthene 252, 125
Fluorene-d10 Ions Benzo(a)pyrene 252, 253, 125
Acenaphthylene 152, 151, 153 Indeno(1,2,3-cd)pyrene 276, 277, 138
Acenaphthene 153, 152, 154 Dibenzo(a,h)anthracene 278, 139, 279
Fluorene 166, 165, 167 Benzo(g,h,i)perylene 276, 138, 277
1,2-Diphenylhydrazine 77, 105, 182
2,4,6-Tribromophenol (Surr) (330)
Hexachlorobenzene 284, 286
Pentachlorophenol 266, 264
Phenanthrene 178, 179, 176
Anthracene 178, 176, 179

Table 7. STANDARD PREPARATION
Table 7A – Intermediate Calibration Standard Solution

Stock Solution Stock Conc.,
µg/ml

Volume
Added, µl

Final Vol. in
MeCl2,  ml

Final Conc.
µg/ml

Semivolatile  Standard Mix # 1 2,000 500 10 100
Semivolatile  Standard Mix # 2 2,000 500 10 100
Semivolatile  Standard Mix # 4 2,000 500 10 100
Semivolatile  Standard Mix # 5 2,000 500 10 100
Semivolatile  Standard Mix # 6 2,000 500 10 100
Semivolatile  Standard Mix # 7 2,000 500 10 100
PAH Mixture #2 2,000 500 10 100
Semivolatile Standard Mix # 8 2,000 500 10 100
Additional Requested Compound(s) Mix 2,000 500 10 100
Pyridines Mixture 2,000 500 10 100
1,2,3-Trichlorobenzene 1,000 1,000 10 100
1,3,5-Trichlorobenzene 1,000 1,000 10 100
Butyl Stearate 10,000 200 10 200
Pentachlorophenol 1,000 1,000 10 100
B/N Surrogate Standard Mix 5,000 200 10 100
Acid Surrogate Standard Mix 7,500 134 10 100.5
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Table 7A – Intermediate Calibration Standard Solution -SIM

Stock Solution Stock Conc.,
µg/ml

Volume
Added, µl

Final Vol. in
MeCl2,  ml

Final Conc.
µg/ml

Semivolatile  Standard Mix # 1 2,000 500 10 100
Semivolatile  Standard Mix # 2 2,000 500 10 100
PAH Mixture #2 2,000 500 10 100
Semivolatile  Standard Mix # 8 (Acids) 2,000 2,500 10 500
Additional Requested Compound(s) Mix 2,000 500 10 100
B/N Surrogate Standard Mix 5,000 200 10 100
Acid Surrogate Standard Mix (Full
Scan) 7500 66.7 10 500

Table 7B – Initial Calibration Standards Preparation Scheme

Standard
Solution

Intermediate
Conc.,
µg/ml

Intermediate
added, µl  Full

Scan

Intermediate
added, µl  SIM

Final
Volume in
MeCl2, ml

Final Conc.,
µg/ml – Full

Scan

Final Conc.,
µg/ml – SIM

Scan
STD 1 100 1,000 150 1 100 15/75 (Acids)
STD 2 100 800 100 1 80 10/50 (Acids)
STD 3 100 500 50 1 50 5/25 (Acids)
STD 4 100 250 25 1 25 2.5/12/5 (Acids)
STD 5 100 200 10 1 20 1/5 (Acids)
STD 6 100/10 (SIM) 100 20 1 10 0.2/1 (Acids)
STD 7 100 50 10 1 5
STD 8 100 20 - 1 2 -

Table 7C – Second Source Calibration Check Standard

Intermediate Intermediate
Conc., µg/ml

Volume Used,
µl (Full/SIM)

Final Volume in
Acetone, ml

Final Conc.,
µg/ml (Full/SIM)

Base Neutrals Mixture 100 500/ 50 1 50/ 5
Acid Mixture 100 500/ 50 1 50/ 5
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Table 8a –Selected Ion Monitoring:  Masses and Dwell Times
Compound Mass Ion (m/z) Dwell Time (ms)

Acenaphthene 153, 152, 154 50
Acenaphthylene 152, 151, 153 50
Anthracene 178, 176, 179 50
Benzo(a)anthracene 228, 229, 226 50
Benzo(a)pyrene 252, 253, 125 50
Benzo(b)fluoranthene 252, 253 50
Benzo(g,h,i)perylene 276, 138, 277 50
Benzo(k)fluoranthene 252, 125 50
Chrysene 228, 226, 229 50
Dibenzo(a,h)anthracene 278, 139, 279 50
Fluoranthene 202, 101, 203 50
Fluorene 166, 165, 167 50
Indeno(1,2,3-cd)pyrene 276, 277, 138 50
Naphthalene 128, 129, 127 50
Phenanthrene 178, 179, 176 50
Pyrene 202, 203 50
2-Methyl Naphthalene 142, 141, 115 50
Bis-(2-chloro-ethyl)ether 93, 63, 95 50
Pentachlorophenol 266, 264 50
Hexachlorobutadiene 225, 223, 227 50
1,2-Diphenylhydrazine 77, 105, 182 50
Bis(2-ethylhexylphthalate 149, 167, 279 50
Di-n-octyl phthalate 149, 150, 43 50
Hexachlorobenzene 284, 286 50
2-Fluorophenol 112, 64, 63 50
Phenol-d5 99, 42 50
Nitrobenzene-d5 82, 128 50
2-Fluorobiphenyl 172, 171, 170 50
2,4,6-Tribromophenol 330, 332, 334 50
Terphenyl-d14 244, 122 50
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Table 9. REPORTING LIMITS

Compound Water Soil Compound Water Soil
µg/l µg/kg µg/l µg/kg

Benzoic Acid 20 667 Carbazole 5 167
2-Chlorophenol 5 167 Chlorobenzilate 5 167
4-Chloro-3-methylphenol 5 167 Chrysene 5 167
2,4-Dichlorophenol 5 167 bis(2-Chloroethoxy)methane 5 167
2,4-Dimethlyphenol 5 167 bis(2-Chloroethyl)ether 5 167
2,4-Dinitrophenol 20 667 Bis(2-Chloroisopropyl)ether 5 167
4,6-Dinitro-o-cresol 20 667 4-Chlorophenyl phenyl ether 5 167
Dinoseb 5 167 1,2-Dichlorobenzene 5 167
2-Methylphenol 5 167 1,3-Dichlorobenzene 5 167
4-Methylphenol 5 167 1,4-Dichlorobenzene 5 167
2-Nitrophenol 5 167 2,4-Dinitrotoluene 5 167
4-Nitrophenol 20 667 2,6-Dinitrotoluene 5 167
Pentachlorophenol 20 667 3,3'-Dichlorobenzidine 5 167
Phenol 5 167 3,3’-Dimethylbenzidine 5 167
2,3,4,6-Tetrachlorophenol 5 167 7,12-

Dimethylbenz(a)anthracene
5 167

2,4,5-Trichlorophenol 5 167 Diallate 5 167
2,4,6-Trichlorophenol 5 167 Dibenzo(a,h)anthracene 5 167
2-Acetylaminofluorene 5 167 Dibenzofuran 5 167
4-Aminobiphenyl 5 167 Dimethoate 5 167
Acenaphthene 5 167 Diphenylamine 5 167
Acenaphthylene 5 167 Disulfuton 5 167
Acetophenone 5 167 m-Dinitrobenzene 5 167
Aniline 2 67 p-(Dimethylamine)azobenzene 5 167
Anthracene 5 167 Di-n-butyl phthalate 5 167
Aramite 5 167 Di-n-octyl phthalate 5 167
A,A-Dimethylphenethylamine 5 167 Diethyl phthalate 5 167
Benzo(a)anthracene 5 167 Dimethyl phthalate 5 167
Benzo(a)pyrene 5 167 bis(2-Ethylhexyl)phthalate 5 167
Benzo(b)fluoranthene 5 167 Ethyl methansulfonate 5 167
Benzo(g,h,i)perylene 5 167 Famphur 5 167
Benzo (k)fluoranthene 5 167 Fluoranthene 5 167
4-Bromophenyl phenyl ether 5 167 Fluorene 5 167
Butyl benzyl phthalate 5 167 Hexachlorobenzene 5 167
Benzyl Alcohol 5 167 Hexachlorobutadiene 5 167
2-Chloronaphthalene 5 167 Hexachlorocyclopentadiene 20 667
4-Chloroaniline 5 167 Hexahloroethane 5 167
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Compound Water Soil Compound Water Soil
µg/l µg/kg µg/l µg/kg

Hexachlorophene 5 167 N-Nitrosodiethylamine 5 167
Hexachloropropene 5 167 N-Nitrosodiphenylamine 5 167
Indeno(1,2,3-cd)pyrene 5 167 N-Nitrosomethylethylamine 5 167
Isodrin 5 167 N-Nitrosomorpholine 5 167
Isophorone 5 167 N-Nitrosopiperidine 5 167
Isosafrole 5 167 N-Nitrosopyrrolidine 5 167
Kepone 5 167 O,O,O Triethylphosphorothioat 5 167
2-Methylnaphthalene 5 167 2-Picoline 5 167
3-Methylcholanthene 5 167 Parathion 5 167
Methapyrilene 5 167 Pentachlorobenzene 5 167
Methyl Methanesulfonate 5 167 Pentachloronitrobenzene 5 167
Methyl Parathion 5 167 Phenacetin 5 167
1,4 Naphthoquinone 5 167 Phenanthrene 2 67
1-Naphthylamine 5 167 Phorate 5 167
2-Naphthylamine 5 167 Pronamide 5 167
2-Nitroaniline 5 167 Pyrene 2 67
3-Nitroaniline 5 167 Pyridine 2 67
4-Nitroaniline 5 167 p-Phenylenediamine 5 167
5-Nitro-o-toluidine 5 167 Safrole 5 167
Naphthalene 5 167 1,2,4,5 Tetrachlorobenzene 5 167
Nitrobenzene 5 167 1,2,4-Trichlorobenzene 2 67
n-Nitrosodimethylamine 2 67 Thionazin 5 167
4-Nitroquinoline-1-Oxide 10 333 o-Toluidine 5 167
N-Nitroso-di-n-propylamine 2 33 sym-Trinitrobenzene 5 167
N-Nitrosodi-n-butylamine 5 167 Tetraethyl

dithiopyrophosphate
5 167

Table 10. Selected Ion Monitoring Reporting Limits

Compound Water Soil Compound Water Soil
µg/l µg/kg µg/l µg/kg

Pentachlorophenol 1.0 33 Fluoranthene 0.2 3.3
Acenaphthene 0.2 6.6 Fluorene 0.2 6.6
Acenaphthylene 0.2 6.6 Hexachlorobenzene 0.2 6.6
Anthracene 0.2 6.6 Hexachlorobutadiene 0.2 6.6
Benzo(a)anthracene 0.2 6.6 Indeno(1,2,3-cd)pyrene 0.2 6.6
Benzo(a)pyrene 0.2 6.6 2-Methylnaphthalene 0.2 6.6
Benzo(b)fluoranthene 0.2 6.6 Naphthalene 0.2 6.6
Benzo(g,h,i)perylene 0.2 6.6 Phenanthrene 0.2 6.6
Benzo (k)fluoranthene 0.2 6.6 Pyrene 0.2 6.6
Chrysene 0.2 6.6 bis(2-Chloroethyl)ether 0.2 6.6
Dibenzo(a,h)anthracene 0.2 6.6 Bis (2-ethylhexyl) phthalate 0.2 6.6
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1,2-Diphenylhydrazine 0.2 6.6 Di-n-octyl phthalate 0.2 6.6
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Site Entry Log 

All ARCADIS U.S., Inc. (ARCADIS) employees and subcontractors who will be performing work on the former 
Tappan Terminal Groundwater Remediation System must first acknowledge that they have read this Operations, 
Maintenance, and Monitoring Manual prior to beginning work. By signing the entry log, you indicate that you have 

read the OMM Manual and agree to follow the Standard Operating Procedures and ARCADIS health and safety 
policies described in the Health and Safety Plan. 

Date and Time Name Company 
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Operations, Maintenance, and Monitoring Site Contacts 

Name Company and Position Phone Number 

Jason Waldron ARCADIS, Primary Operator 973.489.2633 (cell) 

John Giaimis ARCADIS, Secondary Operator 

201.398.4321 (office) 

973.583.8120 (cell) 

Anthony Roseamelia ARCADIS, Engineer 

315.671.9449 (office) 

315.720.0226 (cell) 

Daniel Moran ARCADIS, Engineer 

315.671.9278 (office) 

315.525.5927 (cell) 

Matthew Shattuck ARCADIS, Engineer 

414.277.6270 (office) 

414.339.0542 (cell) 

Greg Mason 

ARCADIS, Health and Safety  

Coordinator 

859.253.9036 (14) (office)

859.806.0746 (cell) 

Jo Ann Robertson ARCADIS, Task Manager 315.671.9143 (office) 

Andrew Korik ARCADIS, Task Manager 315.671.9323 (office) 

William McCune ARCADIS, Project Manager 

315.671.9172 (office) 

315.420.4348 (cell) 

Mark Stella 

Chevron Environmental Management 

Company,  

Project Manager 

713.432.2643 (office) 

281.382.0281 (cell) 
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Operations, 
Maintenance, and 
Monitoring Manual 
Former Tappan Terminal Site 
Hastings on Hudson, New York 

1. Introduction 

On behalf of Chevron Environmental Management Company (CEMC), ARCADIS U.S., Inc. 
(ARCADIS) prepared this Operations, Maintenance, and Monitoring Manual (OMM Manual) 
for the Former Tappan Terminal Site located in Hastings on Hudson, Westchester County, 
New York (site). This OMM Manual serves as a guide and reference for the operations, 
maintenance, and monitoring (OMM) of the Groundwater Remediation System (system) by 
ARCADIS operating personnel and to meet the requirements of CEMC operational 
excellence (OE) tenets. The system was installed to satisfy the requirements of the New 
York State Department of Environmental Conservation (NYSDEC) Record of Decision 
(ROD; NYSDEC 2006). The ROD (NYSDEC 2006) addresses site-wide groundwater 
(defined as Area of Concern [AOC] 3) at the site (3-60-015).  

This OMM Manual will be reviewed and updated annually, if necessary, to validate that the 
OMM Manual includes the most current operational practices. Updates to this OMM 
Manual will follow the requirements of the management of change (MOC) process, which is 
discussed in Section 9. 

1.1 Site Description and History 

The site is located on 7.7 acres along the Hudson River waterfront (Figure 1). The 
property of the former Uhlich Color Company (Uhlich), which is located along the railroad 
tracks, defines the eastern boundary of the site as shown on the Site Plan (Figure 2). 

Limited access to the property is from Railroad Avenue at the southeast corner of the site 
and over the Zinsser Bridge, which crosses the railroad tracks. The Zinsser Bridge has 
fallen into disrepair and is no longer open to vehicular traffic. Both the former Tappan 

Terminal and Uhlich Site are surrounded by a chain-link fence. An access agreement has 
been arranged with the adjacent Harbor at Hastings Site to allow vehicular access to the 
site through the adjacent property.  

The site has a long history of manufacturing and chemical use by several owners and 
occupants. The landmass comprising the site was created by disposal of man-made fill 

into the Hudson River between 1868 and 1970. This fill material typically consisted of 
sand and gravel mixed with bricks, concrete, stone, timber, ash, slag, shells, and other 
debris. Between 1897 and 1955, the site was owned by Zinsser & Company and was 

used for the manufacture of dyes, pigments, and photographic chemicals. In 1955, the 
Harshaw Chemical Company purchased the Zinsser Company and continued operations 
at the site. In 1961, Tappan Tanker Terminal purchased the property and began 

operating a petroleum distribution facility on the western portion of the site. Beginning in 
1964, Paul Uhlich & Company leased, and then purchased, the eastern portion of the site 
for the manufacture of pigments. This operation later became the Uhlich Color Company. 

Uhlich was recently acquired by Magruder Color Company and has discontinued 
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operations at the site. In 1975, Mobil Oil Company (Mobil) purchased the western portion 
of the site and continued petroleum distribution operations. 

Sampling of various media at the site was performed between 1985 and 1989. In 1987, 
the NYSDEC listed the site as a Class 2 Site in the Registry of Inactive Hazardous Waste 

Disposal Sites in New York. A Class 2 Site is a site where hazardous waste presents a 
significant threat to the public health or the environment and action is required. 

During a 1992 repair of a sewer pipe at the site, evidence of a petroleum release on both 
properties was discovered. Petroleum-impacted soil was stockpiled and later sent off site 
for disposal. The extent of petroleum impacts was investigated between 1992 and 1994. 

In 1994, an oil remediation plan was approved under the NYSDEC's Spill Response 
Program and Mobil and Uhlich entered into a Stipulation Agreement to remediate this 
spill. 

In 1996, Mobil entered into a Voluntary Agreement with the NYSDEC to investigate 
petroleum contamination on the western portion of the site. Because none of the 

potentially responsible parties agreed to perform a comprehensive investigation of the 
entire site, the site was referred for a state-funded investigation in 1998. However, after 
1998, Mobil conducted focused investigations and technology pilot studies on impacts 

present on their portion of the site. Uhlich ceased operations at the site in 2002, and most 
buildings at the site were demolished in early 2003. 

In addition to the site operators identified above, several corporate mergers and 
acquisitions have occurred. The Harshaw Chemical Company was purchased by 
Kewanee Industries in 1966, which was acquired by the Gulf Oil Corporation in 1977. 

Gulf Oil Corporation merged with the Chevron Chemical Corporation in 1985. Mobil Oil 
Corporation merged with Exxon Corporation to form Exxon/Mobil in 1999. 

The site is located adjacent to the Harbor at Hastings Site, a Class 2 inactive hazardous 
waste disposal site that is contaminated with polychlorinated biphenyls, metals, and 
polycyclic aromatic hydrocarbons. 

1.2 Identified Remedial Areas and Constituents of Concern in Site-Wide Groundwater (AOC 

3) 

The principal source of chlorobenzene appears to have been a former processing area 
located northwest of former Building 57. The site conceptual model indicates that pigment 
mixtures containing chlorobenzene released near this area migrated both with 
groundwater flow toward the southwest and laterally to the north through the subsurface, 
along a former sanitary sewer line oriented perpendicular to groundwater flow. Dissolved-
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phase chlorobenzene in groundwater has been observed to be concentrated at several 
hot spot locations along the former sanitary sewer line in the immediate vicinity of the 
former chlorobenzene area, which is located northwest of the source area toward the 
Hudson River (Figure 3). 

1.3 System Operation Objectives 

The objective of the system is to accelerate the cleanup of site groundwater. This will 
occur by enhancing the natural biodegradation of chlorobenzene by stimulating the 
indigenous biological population with increased levels of dissolved oxygen (DO) in 

groundwater, in conjunction with monitored natural attenuation (MNA), to meet the 
groundwater remedial cleanup goals for the site. 

The objective of the system is to treat chlorobenzene-contaminated groundwater in the 
subsurface with in-situ oxygen injection technology. At the system influent, groundwater 
from the system extraction wells will be monitored for informational purposes to check for 

diminished chlorobenzene concentrations and system influent characteristics; however, 
the primary function of the system extraction wells will be to provide water to the system 
for oxygen injection. 

1.4 Roles and Responsibilities 

Mark Stella will serve as CEMC’s Project Manager (PM) and will direct the technical and 
administrative aspects of the project. Mr. Stella will be the primary CEMC contact in 
connection with completing all work associated with the AOC 3 Remedial Design/ 

Remedial Action Work Plan. Key project personnel and contacts are summarized in the 
OMM Site Contacts table provided on page vii of this OMM Manual.   

The ARCADIS PM is responsible for providing resources and completing project activities 
in accordance with this OMM Manual and for meeting all regulatory and contractual 
requirements. The ARCADIS PM is also responsible for verifying that all work at the site is 

conducted in a safe manner and that the project meets the requirements established by 
ARCADIS and CEMC.  

The ARCADIS Task Managers and Engineers will work directly with the ARCADIS PM, 
complete tasks assigned, and will manage the routine and non-routine OMM activities at 
the site.  

The ARCADIS System Operators (primary and secondary) will perform the OMM of the 
system as described herein. The System Operator will perform OMM activities required to 

maintain normal operation of the system to meet design parameters. System Operators 
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will document OMM activities in the OMM logs as further discussed below. The System 
Operators must fully read and understand all components of this OMM Manual. No 

changes to the system by the operator are authorized without the prior written approval of 
the PM or Engineer. The PM and/or Engineer will determine if the change warrants 
following MOC procedures, which are further discussed below.  

All OMM must be performed by qualified personnel. The System Operator will be familiar 
with system components (e.g., process piping, electrical controls and components, 

pumps). Any OMM conducted by unqualified personnel may result in serious injury, 
death, property damage, or environmental implications. 

All ARCADIS and subcontractor personnel must adhere to the procedures outlined in this 
OMM Manual during the performance of their work. Each person is responsible for 
completing tasks safely and initiating stop work authority (SWA) if any unsafe acts or 

conditions are observed. No person may work in a manner that will conflict with these 
procedures. Subcontractors or any other site personnel who violate safety procedures can 
and will be dismissed from the site. 

The ARCADIS Health and Safety Coordinator, in conjunction with the Task Managers and 
Engineers, will manage training requirements, making sure that individuals at the site are 

trained in accordance with CEMC and ARCADIS training requirements, and will assist with 
the HASP management and implementation. 

1.5 Acknowledgements 

All ARCADIS employees and subcontractors who will be performing work on the system 

must first acknowledge that they have read and understand the OMM Manual and 
HASP. Documentation that ARCADIS and subcontractors have read and understand this 
OMM Manual and the HASP, prior to beginning work, will be provided by signing the Site 

Entry Log, which is provided on page vi of this OMM Manual. 

1.6 Operations, Maintenance, and Monitoring Manual Organization 

The remainder of this OMM Manual is organized into the following sections: 

 Section 2 provides a system overview and describes the system processes, 
equipment, and controls. 

 Section 3 describes the system startup and shutdown procedures. 

 Section 4 presents system operation, maintenance, and monitoring requirements. 
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 Section 5 provides record keeping requirements and System Operator deliverables. 

 Section 6 presents sampling and analysis requirements. 

 Section 7 describes system waste management responsibilities. 

 Section 8 provides health and safety considerations and requirements. 

 Section 9 discusses the MOC process. 

 Section 10 provides training and awareness considerations and requirements. 

 Section 11 presents compliance requirements. 

System operation objectives, processes, and equipment are likely to evolve in the future; 
therefore, this OMM Manual is considered a living document. This OMM Manual will be 
updated as needed and reviewed annually.
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2. System Overview 

This section describes individual system components. Equipment literature and an 
equipment list are provided in Appendix A; system Record Drawings are included as 
Appendix B. 

The general system components include extraction wells, equipment enclosure and 
solids settling tank, infiltration trenches, and injection wells. A process flow diagram is 

provided on Figure 4. Each general component of the system is described below. 

2.1 Extraction Wells 

Two 6-inch-diameter groundwater extraction wells (EW-1 and EW-2) were installed to 
supply groundwater to the system. Each extraction well is installed to a depth of 

approximately 19 feet below original site grade (depth of 21 feet after 2-foot cap is 
installed) and is constructed of 6-inch-diameter steel well casing with a stainless steel 
screened interval from 12 to 17 feet below the original site grade (14 to 19 feet after 2-

foot cap is installed). Each extraction wellhead is enclosed in an open-bottom, 7-foot-tall, 
4-foot square concrete vault with a torsion-assisted, H-20-rated lockable hatch. The 
vaults are included to provide access to instrumentation and electrical conduit for security 

purposes to prevent damage due to vandalism or inadvertent collision, and for OMM 
purposes. 

Each extraction well is equipped with a 4-inch submersible well pump (P-100 and P-110). 
The well pump discharge piping is constructed of 2-inch-diameter Standard Dimension 
Ration (SDR) 11 high-density polyethylene (HDPE) pipe that exits the well casing below 

grade, within the vault, via a pitless adaptor. Incorporation of the pitless adaptor allows 
for easy pump removal for maintenance purposes. 

2.2 Equipment Enclosure and Solids Settling Tank 

Site groundwater from the extraction wells is conveyed below grade through 2-inch SDR 

11 HDPE forcemain piping to the equipment enclosure. The forcemain piping transition 
from below grade to the equipment enclosure is insulated and heat traced to prevent 
freezing during cold months of operation. Once inside the equipment enclosure, piping 

transitions to 2-inch Schedule 80 polyvinylchloride (PVC) and the groundwater from each 
extraction well is directed through a respective flow meter that measures the 
instantaneous and totalized flow rate from each extraction well. The lines from each 

extraction well combine into a 3-inch Schedule 80 PVC pipe header, which is directed to 
a 1,450-gallon equalization tank (T-200). 
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Groundwater from T-200 is pumped via transfer pump P-200 through the venturi injector, 
which is used to amend oxygen into the groundwater flow, and then through a flash 

reactor to promote adequate mixing.  

Oxygen is supplied to the venturi injector by the oxygen supply system, which consists of 

a compressed air supply package system (rotary screw air compressor, air tank, and 
refrigerated air dryer), an oxygen generator, and an oxygen receiving tank. Solenoid 
valve SV-900 is installed in the oxygen supply line to the venturi injector. The solenoid 

valve automatically opens and closes based on system conditions, specifically the 
operation of transfer pump P-200. The oxygen supply line to the venturi injector is 
constructed of ¼-inch steel tubing and includes a backup check valve and a flow meter 

for monitoring oxygen flow to the venturi injector. The oxygen supply system is capable of 
supplying oxygen to the venturi injector at a rate of up to 100 standard cubic feet per hour 
(scfh). 

Oxygenated groundwater from the venturi injector/flash reactor is conveyed to the 
exterior of the enclosure via heat-traced/insulated 3-inch Schedule 80 PVC to a heat 

traced/insulated 5,500-gallon solids settling tank (T-400) for the removal of any large 
suspended particles that may have precipitated out of solution as a result of groundwater 
oxygenation. 

Removing the bulk of the precipitated solids prior to discharge to the infiltration trenches 
and injection wells is beneficial to the longevity of the system by avoiding premature 

fouling and diminished capacity. One primary system influent concern is slightly elevated 
total dissolved solids (TDSs), specifically dissolved ferrous iron, and the precipitation of 
iron out of solution (conversion to ferric iron) due to oxygen injection. Precipitated iron 

can lead to premature fouling of downstream components, including the infiltration 
trenches and injection wells as well as the discharge piping to each location. The solids 
settling tank is installed downstream of the oxygen injection system to assist with the 

removal of precipitated iron and other suspended solids to reduce precipitated solids 
accumulation in downstream System components. The inlet and outlet fittings of the 
solids settling tank are configured to promote settling at the inlet and supernatant decant 

at the outlet by use of purposely orientated “T”s as shown in the Record Drawings 
included as Appendix B. 

Supernatant gravity drains from a decant port near the top of T-400 via heat traced/ 
insulated 6-inch Schedule 80 PVC, back inside the equipment enclosure, to the top of a 
1,450-gallon decant tank (T-300). From the decant tank, water is conveyed through 3-

inch Schedule 80 PVC via injection pump P-300 to the discharge manifold. Prior to 
entering the discharge manifold, oxygenated water passes through a flow meter to 



  

Former Tappan Terminal Site 
Hastings on Hudson, New York 

Operations, 
Maintenance, and 
Monitoring Manual 

8 

measure the instantaneous and totalized flow injection rate. The 3-inch discharge 
manifold header is reduced for each discharge location to 1½-inch Schedule 80 PVC.  

Each discharge location is equipped with a globe (throttling) valve that is used to adjust 
the flow to each discharge location dependent upon the rate at which each infiltration 

trench or injection well location is accepting water. The throttling valves can also be used 
to target a particular location if needed. 

Flow to each of the nine discharge locations (infiltration trenches and injection wells) is 
routed through a respective inline flow totalizer to record the volume of oxygenated water 
sent to each discharge location. Each discharge piping transition from within the 

equipment enclosure to below grade is insulated and heat traced to prevent freezing 
during cold months of operation. 

The equipment enclosure is a 40- by 8-foot modified shipping container equipped with 
barn-style doors on the northern end and a man door on the western side. The 
equipment enclosure is also equipped with two electric unit heaters/thermostat, interior 

and exterior lighting, exhaust fan and louver, electrical receptacles, and a leak detection 
sump. The equipment enclosure and solids settling tank are placed on a 55- by 10½-foot 
concrete pad. 

2.3 Infiltration Trenches and Injection Wells 

From the equipment enclosure, oxygenated groundwater is pumped to five infiltration 
trenches and four injection wells via 1½-inch SDR 11 HDPE piping. The infiltration trench 
and injection well components are further discussed below.  

2.3.1 Infiltration Trenches 

Five infiltration trenches (Trenches 1, 2, 3, 4, and 5) were installed just upgradient from 
each of the high-concentration chlorobenzene source areas. Infiltration Trenches 1, 2, 
and 3 are approximately 75 feet long and Trenches 4 and 5 are approximately 50 feet 

long. The length of each infiltration trench is based on the approximate overall length of 
the adjacent chlorobenzene plume.  

Each infiltration trench includes a 48-inch-diameter prefabricated HDPE manhole; the 
1½-inch SDR 11 HDPE discharge piping is routed to this manhole, down to the 4-inch-
diameter perforated ridged HDPE pipe at the bottom of the trench. The manhole also 

houses the 2-inch-diameter trench access well, which will be used for sample collection 
as required and to monitor for trench fouling based on increased water level in the well. 
Each trench has clean-out access points on either end to help with trench pipe 
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cleaning/maintenance as required. Each clean-out access point is installed in a 6-inch by 
5-foot (3-foot after cap is installed) lockable well cover with cement base. 

2.3.2 Injection Wells 

Four injection wells (IW-1, IW-2, IW-3, and IW-4) were installed near Trenches 1 and 2. 
Two injection wells (IW-1 and IW-2) were installed immediately upgradient of Trench 1 
and two injection wells (IW-3 and IW-4) were installed immediately upgradient of Trench 

2.  

Each injection well is installed to a depth of 18 to 19 feet (20 to 21 feet after 2-foot cap is 

installed), constructed of 4-inch PVC well casing with a stainless steel screened interval 
from 11/12 to 16/17 feet below grade (13/14 feet to 18/19 feet after 2-foot cap is 
installed). Each injection wellhead is enclosed in an open-bottom, 7-foot tall, 4-foot 

square concrete vault with a torsion-assisted H-20 rated lockable hatch. The 1½-inch 
HDPE discharge pipe penetrates the wall of the concrete vault, where it transitions to 
Schedule 80 PVC and is directed down the injection well through a well seal. The vaults 

are included in the design to provide access to instrumentation conduit, for security 
purposes to prevent damage due to vandalism or inadvertent collision, and for OMM 
purposes.  

2.4 System Control Overview 

All control panels for the system are  located within the equipment enclosure. The system 
is be equipped with a C-More human/machine interface, which allows for real-time 
remote monitoring and control as well as automatic transmission of system alarm 

condition notifications to OMM team members via text messages and email. The system 
controls for each major system component are described below. 

2.4.1 Extraction Wells 

Each extraction well is equipped with a level transducer, which monitors the groundwater 

level within the well to protect the submersible well pumps from running dry. When the 
level in the well drops to the low-low level set point, above the intake of the submersible 
well pump, the extraction well pump will shut down. 

During previous site investigations and during well installation and yield testing, it was 
observed that the wells on site recharge relatively quickly and should provide a steady 

supply of groundwater for the system. If the low-low level set point is reached and the 
extraction well pump is disabled, a high level set point is be programmed to enable the 
pump when the Hand/Off/Auto control setting of the extraction well pump is set to Auto. 
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Each of the extraction well influent lines is equipped with a flow meter to monitor influent 
flow from each extraction well. If a leak in the influent piping or any other malfunction 

occurs that would cause a low-flow situation, a low-flow set point alarm disables the 
operation of the respective extraction well pump. The low-flow set point alarm will not be 
triggered until after the programmed time delay has expired. 

2.4.2 Equipment Enclosure and Solids Settling Tank 

Equalization tank T-200 is equipped with a level controller with high-high and low-low 
level alarm set points. The level controller is programmed to work in tandem with the 
transfer pump P-200 variable frequency drive (VFD) to maintain a specified level set point 

in T-200. Equalization tank T-200 is also equipped with a low-low and a high-high level 
float switch. The operation of the extraction well pumps will be disabled by activation of 
the high-high level set point of the level controller or by the high-high level float switch. 

The low-low set point of the controller and low-low level float switch at equalization tank 
T-200 protects transfer pump P-200 from running dry. Transfer pump P-200 is equipped 

with a VFD fault alarm to disable the operation of the extraction well pumps when the 
transfer pump is called to operate and does not respond. A pressure switch is installed in 
the discharge piping of P-200 to prevent over-pressurization of the system in the event of 

downstream blockage or inadvertent valve closing. The P-200 discharge piping is also 
equipped with a flow meter to measure flow from P-200. If a leak in the P-200 discharge 
piping or any other malfunction occurs that would cause a low-flow situation, a low-flow 

alarm set point will disable the system. The low-flow set point alarm will not be triggered 
until after the programmed time delay has expired. 

Operation of the solenoid valve in the oxygen supply line (SV-900) to the venturi injector 
is programmed to open and close based on applicable alarm conditions, specifically the 
operation of transfer pump P-200. When the solenoid valve closes due to no system flow 

from P-200, operation of the oxygen generator and air compressor will automatically stop 
by means of integrated pressure switches associated with the air compressor tank and 
oxygen receiving tank as designed by the manufacturer.  

Oxygen receiving tank T-900 is equipped with a low-pressure switch to monitor both the 
pressure within T-900 and the oxygen pressure being supplied to the venturi injector. If 

the low-pressure set point is activated, the extraction well pumps and transfer pump will 
shut down and valve SV-900 will close. The primary purpose of the low-pressure alarm is 
to verify that adequate oxygen is being supplied to the groundwater flow to achieve the 

DO concentration needed in the discharge to the injection locations. The pumps will not 
operate and the valve will not open until the alarm is acknowledged. In the event of a low-
pressure condition in T-900 and as a precautionary measure, the equipment enclosure 
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oxygen sensor reading will be observed to verify that an oxygen-enriched environment is 
not present (T-900 is not leaking) prior to acknowledging the alarm. Once the oxygen 

concentration in the equipment enclosure is verified to be in normal range, the alarm will 
be acknowledged to allow sufficient pressure to accumulate in the oxygen receiving tank 
and continued system operation. Repeated occurrences will initiate a temporary 

shutdown of operations until the cause of the low tank pressure is identified and repairs 
are made as needed. Standard Operating Procedure (SOP) 1: Oxygen Enriched 
Environment Equipment Enclosure Entry is provided in Appendix C.     

A high-high level float switch is installed in solids settling tank T-400 to shut down the 
entire system when activated. The float is included as a precaution in the event that flow 

out of the solids settling tank is restricted in any manner that would cause a high level 
tank condition. Additionally, a motorized ball valve (XCV-200) is installed within the 
equipment enclosure in the T-400 influent piping, which will automatically close when the 

system is not operating to prevent back flow of water from T-400 into the equipment 
enclosure. The purpose of the motorized valves is to not solely depend upon the check 
valves of the system piping to prevent backflow from the solids settling tank. Check 

valves used in this capacity have been observed to fail at other OMM locations. 

The motorized valve has a discord alarm to shut down system pumps and to notify 

System Operators if the valve fails to close or open as programmed. The motorized valve 
is programmed to open prior to activation of P-200 and to close soon (set on a time 
delay) after the operation of P-200 is stopped. Additionally, the motorized valve is 

equipped with battery backup to force the valve to the closed position in the event of 
power failure. 

Decant tank T-300 is equipped with a level controller with high-high and low-low level 
alarm set points. The level controller is programmed to work in tandem with the injection 
pump P-300 VFD to maintain a specified level set point in T-300. Decant tank T-300 is 

also equipped with low-low and high-high level float switches. Activation of the high-high 
level float switch or the high-high level set point of the level controller will disable the 
extraction well pumps and transfer pump P-200 and will close valves SV-900 and XCV-

200. Activation of the low-low level float switch or the low-low level set point of the level 
controller will disable injection pump P-300 to protect the pump from running dry. 
Transfer pump P-300 is equipped with a VFD fault alarm to disable the operation of the 

extraction well pumps and P-200, close valves SV-900 and XCV-200, and alarm at the 
programmable logic controller when the injection pump is called to operate and does not 
respond. 

A pressure switch is installed in the discharge piping of P-300 to prevent over-
pressurization of the system in the event of downstream blockage or inadvertent valve 
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closing. The P-300 discharge piping is also equipped with a flow meter to measure 
instantaneous and total system discharge flow to the infiltration trenches and injection 

wells. If a leak in the P-300 discharge piping or any other malfunction occurs that would 
cause a low-flow situation, a low-flow alarm set point will disable the system. The low-
flow set point alarm will not be triggered until the programmed time delay has expired. 

The tank T-200 and T-300 vent fans provide positive ventilation of the tank headspace to 
the atmosphere to prevent the potential for hazardous gasses to collect in the tanks.  To 

indicate proper operation of the vent fans, vacuum switches are installed in each of the tank 
T-200 and T-300 vent lines.  The system programming includes an interlock to disable the 
entire system, with the exception of the tank vent fans, in the event that a fan malfunctions 

or the vent becomes blocked.  It should be noted that operation of the tank T-200 and T-
300 vent fans will not be controlled by the PLC, as the fans are on a dedicated circuit and 
will be operational unless the entire system loses power or a fan malfunctions.  

In addition to the vacuum switches indicating operation of tank T-200 and T-300 vent fans, 
the exhaust fan starter is controlled by the PLC.  This allows operators to control the 

operation of the exhaust fan to evacuate any hazardous gases inside the system enclosure 
in the event that the system is disabled.  Additionally, the exhaust fans are programmed to 
operate if either of the set points for H2S or VOCs is reached to evacuate the system 

enclosure. 

The equipment enclosure is equipped with a temperature transmitter, leak detection 

switch, atmospheric pressure transmitter, oxygen sensor, VOC sensor, hydrogen sulfide 
(H2S) sensor, and lower explosive limit (LEL) sensor.  The enclosure is also equipped 
with two warning lights mounted on the exterior of the enclosure to alert the operator if 

there is a critical alarm active, or if one of the atmospheric sensors is signaling a 
hazardous atmosphere inside the enclosure.  The temperature transmitter monitors the 
temperature within the equipment enclosure and is programmed to alarm based on a low 

temperature set point. The leak detection switch is installed in the leak detection sump of 
the equipment enclosure and will shut down the entire system if activated. The 
atmospheric pressure transmitter (barometer) measures atmospheric pressure, which is 

used for calibration and set point determination of the system level transducers.  

The oxygen sensor measures the oxygen concentration in the equipment enclosure and 

is programmed to alarm at a high concentration set point for early determination of an 
oxygen leak and to assess safe oxygen levels for System Operator breathing space and 
for equipment enclosure entry.  In the event of high oxygen concentration, an alarm will 

be sent to the O&M team, and both the critical alarm and hazardous atmosphere 
indication lights will be illuminated.  In the event that either light is illuminated, the 
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operator will stop work , discuss the issues with the O&M team, and follow SOP 21 to 
ensure a safe entry can be  conducted.   

An H2S sensor will be installed in the system enclosure and connected to the existing 
PLC.  The H2S sensor will be programmed to provide real-time air monitoring via the 

system remote login.  Additionally, in the event of elevated H2S readings, the sensor is 
programmed to alarm to the PLC and OMM team.  The H2S sensor will be programmed to 
illuminate only the Hazardous Atmosphere Indication light. 

A volatile organic compound (VOC) sensor will be installed in the system enclosure and 
connected to the existing PLC.  The VOC sensor will be programmed to provide real-time 

air monitoring via the system remote login.  Additionally, in the event of elevated VOC 
readings, the sensor is programmed to alarm to the PLC and OMM team.  The VOC 
sensor will be programmed to illuminate only the Hazardous Atmosphere Indication light. 

An LEL sensor will be installed in the system enclosure and connected to the existing 
PLC.  The LEL sensor will be programmed to provide real-time air monitoring via the 

system remote login. Additionally, in the event of elevated LEL readings, the sensor is 
programmed to alarm to the PLC and OMM team, and also disable the entire system with 
the exception of the Tank T-200 and T-300 vent fans.  Since the LEL sensor will be 

programmed to disable the entire system in the event elevated oxygen concentrations, 
both the Critical Alarm Indication Light and the Hazardous Atmosphere Indication lights 
will be illuminated. 

2.4.3 Infiltration Trenches and Injection Wells 

Each infiltration trench and injection well is equipped with a level transducer to shut down 
the entire system if a high-high level condition occurs in either or all of the injection wells 
and/or infiltration trenches. 
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3. System Startup and Shutdown Procedures 

3.1 Pre-Startup Procedure 

The activities to be performed prior to system startup are described in SOP 2: System Pre-

Startup, which is provided in Appendix C. System pre-startup procedures will be performed 
prior to initial system startup or prior to a startup of the system after a prolonged shutdown. 

3.2 Initial System Startup Procedure 

The procedure to be followed for the initial system startup or for startup of the system after 

a prolonged shutdown is described in SOP 3: Initial System Startup, which is provided in 
Appendix C. 

3.3 Routine System Startup Procedure 

The procedure for routine system startup (startups after temporary system shutdowns) is 

described in SOP 4: Routine System Startup, which is provided in Appendix C. Routine 
system startup procedures assume that pre-startup and initial system startup requirements 
have been completed or are still in place. 

3.4 System Shutdown Procedures 

The procedure for system shutdown is described in SOP 5: System Shutdown, which is 
provided in Appendix C.
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4. System Operation, Maintenance, and Monitoring 

This section describes activities required for proper OMM of the system. OMM activities will 
be performed in accordance with the HASP, which is discussed in Section 8, and with 
SOPs, which are provided in Appendix C.  

4.1 System Operation 

Operation of the system is designed to be fully automated with daily remote monitoring/ 
control requirements and routine weekly OMM visits to the site to perform monitoring/ 
inspection activities and maintenance activities as required.  Separate non-routine site visits 

are anticipated as well for alarm response and/or to perform non-routine maintenance 
activities. A Project Contact List, including site contacts and system vendors, suppliers, and 
contractors is provided in Table 1. 

4.1.1 Key Process Variables 

Key process variables (KPVs) are established and monitored to verify that system 
operation is meeting the intended goals and remedial objectives of the system design. The 
KPVs for the system are: 

 Influent flow rate from each extraction well (35 gallons per minute [gpm]) 
 Combined influent flow rate (70 gpm) 

 Oxygen supply flow rate (70 scfh/1.2 standard cubic feet per minute) 
 Targeted DO concentration in decant tank (30 milligrams per liter [mg/L], parts per 

million [ppm]) 

 Discharge flow rate to each infiltration trench (10 gpm) 
 Discharge flow rate to each injection well (5 gpm) 

The ratio between groundwater flow and oxygen required to be provided has been 
established as 1 scfh of oxygen per 1 gpm of groundwater. The 1:1 ratio is an 
approximation of the breakpoint where the gas/liquid transfer efficiency begins to level off 

at approximately 30 to 35 mg/L DO concentration.  

The system has been sized to allow for 50 gpm from each extraction well (100 gpm 

combined flow) and 100 scfh of oxygen from the oxygen supply system. However, based 
on preliminary water yields from the system extraction wells, it is anticipated that the 
design flows stated above represent what the actual flows for the system will be to 

maintain steady state operation (limit pump cycling).  
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4.1.2 Site Access 

Limited access to the property is from Railroad Avenue at the southeast corner of the site 
and over the Zinsser Bridge that crosses the railroad tracks. The Zinsser Bridge has fallen 
into disrepair and is no longer open to vehicular traffic. Vehicular traffic and equipment 

deliveries will be routed through the site security gate on River Avenue near the Hastings 
on Hudson Railroad Station. All ARCADIS personnel and contractors will be required to 
sign in at the gate upon entry and sign out when exiting each day. 

Once through the security gate and signed in, contractors and visitors will be escorted by 
an ARCADIS representative and will follow a predetermined route designated by 

ARCADIS. Access agreements have been established with the property owners of the site 
(Uhlich Property and the Exxon Mobil Property). 

The System Enclosure is surrounded by a 85’ x 35’ x 8’ high chain link fencing structure 
with 3 strands of barbed wire to prevent trespassing into and on top of the enclosure.  A 12’ 
wide gate is installed on the southern end of the fence to provide operator and vehicular 

access near the solids settling tank.  To provide additional security, four surveillance 
cameras are installed on a pole above the enclosure and provide real-time monitoring 
capability as well as recording approximately 10 days worth of video.  

4.1.3 Permit to Work Form 

A Permit to Work (PTW) must be completed by the System Operator or Engineer prior to 
performing any OMM procedures/activities at the site. All site visitors must sign the PTW, 

which serves a dual purpose:  

 Administrative control to prevent unauthorized work  

 Identify all precautions and restrictions necessary to do the work safely 

A high-risk PTW must be issued for high-risk work, including but not limited to, excavation 
activities, electrical and/or hot work, or confined space entry. Copies of the PTW and the 

High-Risk PTW Form are provided in Appendix D. 

4.1.4 Confined Space 

All vaults and manholes for the system are considered permit-required confined spaces. 
Entry, when any body part breaks the plane of the man way, must comply with 

Occupational Safety and Health Administration (OSHA) regulations and high-risk PTW 
requirements. Under no condition is an individual to enter a vault or manhole without a 
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confined space entry permit, proper training, and equipment. SOP 9: Confined Space Entry 
is included in Appendix C. 

4.1.5 Alarm Response 

The OMM team is responsible for responding to all alarms associated with the system. As 
previously mentioned, system alarm conditions will be transmitted via text and email 
messages to the OMM team. If not on site during the alarm condition, members of the 

OMM team can remotely access the system controller, monitor and acknowledge alarms, 
and if needed can start or shut down the system. When remote alarm response is not 
practical or site conditions need to be verified prior to continuing system operations, the 

primary or secondary System Operator will be deployed to the site for confirmation. All 
system alarms will be tested a minimum of once per year. 

4.1.6 Emergency Response 

For medical emergencies that require the dispatch of an emergency medical team, 911 

services can be used from a hard line phone or cell phone; however, if a cell phone is used, 
direct dialing of the police, fire department, or emergency medical services is understood to 
have the quickest response time. Direct contact emergency phone numbers are provided 

below: 

Police………………..914-478-2344 

Fire Department……914-478-0261 

Notify site security and OMM management as soon as possible following an emergency 
response call. A Prioritized Emergency Contact List is provided in Table 2. 
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4.2 System Maintenance 

For proper operation of the system, both routine and non-routine maintenance activities 
must be conducted. An equipment list and manufacturer literature for all equipment, system 
pumps, and major instrumentation is provided in Appendix A.  

SOP 6: Lock Out/Tag Out must be followed prior to performing any system maintenance. 
SOP 6 is included in Appendix C. 

Prior to initiation of a maintenance activity, a job safety analysis (JSA) will be conducted to 
evaluate the potential hazards associated with the work to be done. JSAs will be generated 

by the System Operator and kept on record for future use. 

Routine and non-routine maintenance activities for the site must be documented on the 

Weekly Maintenance Log, which is included in Appendix E. Notify OMM management 
personnel of any failure of or damage to major equipment. 

The estimated duration for system operation is 3 to 5 years and it is anticipated that only 
minor repairs to system components will be needed during this time period. Preventative 
maintenance and monitoring/inspection results will indicate when components need to be 

repaired or replaced. Therefore, no equipment inventory will be kept on site. To track 
system component replacement and/or regularly defective equipment, an Equipment 
Replacement Tracking Log will be used. If it is determined that the defective nature of a 

particular system component is adversely affecting system operation uptime, options to 
keep it as a stocked item will be considered. A copy of the Equipment Replacement 
Tracking Log is provided in Appendix E.   

Prior to a chemical being brought on site and used for any maintenance purposes, a 
Material Safety Data Sheet (MSDS) must be provided to the OMM team for review.  

MSDSs are to be kept in Appendix F of this OMM Manual.  

4.2.1 Routine System Maintenance 

The System Operator performs routine maintenance and upkeep on the system as 
required. System deficiencies observed during monitoring/inspection activities will be 

repaired immediately. System Operators will only self-perform the routine maintenance 
activities that they are qualified to perform. For routine maintenance tasks that require more 
in-depth knowledge or are recommended to be performed by an expert, a manufacturer 

representative or recommended qualified contractor will be deployed to the site to perform 
the maintenance. 



  

Former Tappan Terminal Site 
Hastings on Hudson, New York 

Operations, 
Maintenance, and 
Monitoring Manual 

19 

Routine system maintenance includes, but is not limited to, the following activities: 

 Maintaining grounds free from clutter and/or hazards 

 Maintaining snow removal and upkeep of access roadways (as applicable) and/or 
walkways (as needed) 

 Pump, instrumentation, and valve replacement (per manufacturer’s recommendations) 

 Pipe and pipe fitting repair/replacement 

 Calibration/testing of permanent air monitoring transmitters and sensors 

4.2.2 Non-Routine Maintenance 

The System Operator performs non-routine maintenance and upkeep on the system as 
required. System deficiencies observed during monitoring/inspection activities will be 

repaired immediately. System Operators will only self-perform the non-routine maintenance 
activities that they are qualified to perform. For non-routine maintenance tasks that require 
more in-depth knowledge or are recommended to be performed by an expert, a 

manufacturer representative or recommended qualified contractor will be deployed to the 
site to perform the maintenance. 

Non-routine system maintenance includes, but is not limited to, the following activities: 

 Well purging/development/cleaning 

 Electrical/system controller component repair/replacement 

 Major system component repair (per manufacturer’s recommendations) 

 Pipe cleaning/flushing 

 Infiltration trench cleaning/flushing 

The solids settling tank is included in the system design to assist with the removal of 
precipitated iron and other suspended solids to reduce precipitated solids accumulation in 
the downstream discharge piping, infiltration trenches, and injection wells. As further 

discussed in Section 4.2.3, the solids settling tank will be monitored for solids 
accumulation and the solids will be removed periodically as needed to limit the extent of 
solids that may carry over into the decant tank and ultimately to the discharge piping, 

infiltration trenches, and injection wells.   
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The system design includes discharge piping clean-out access points and pipe clean-out 
isolation valves in each of the injection well vaults and infiltration trench manholes. If 

significant fouling of the discharge piping is observed (increased discharge pressures) 
through routine monitoring, the discharge piping can be cleaned and flushed, and through 
the use of the pipe clean-out isolation valves, the pipe flushing water/solids flow can be 

diverted from the injection wells and infiltration trenches to a mobile purge water tank. 
The mobile purge water tank will be positioned near each vault/manhole with hose 
connections.  

The system design also includes clean-out piping at the ends of each infiltration trench. If 
significant fouling of the infiltration trenches leading to diminished infiltration rates is 

observed, cleaning of the infiltration trenches can be performed using a cleaning 
agent/anti-biofouling agent, potable water flush, and/or mechanical cleaning methods to 
promote acceptable infiltration rates. 

Injection well (and extraction well) maintenance will be performed as needed. 
Maintenance that may be required includes, but is not limited to, solids removal/purging, 

well redevelopment, and screen cleaning.  

It is anticipated that the use of select concentration hydrogen peroxide (typically 3%) as 

an anti-biofouling agent for the system discharge components is opportunistic because it 
offers an accepted and proven practice for anti-biofouling. In addition, the use of select 
concentration hydrogen peroxide has proven to diminish the concentration of 

chlorobenzene in groundwater.    

If maintenance to the system discharge components is needed, procedures for these 

activities will be developed prior to starting such work. 

4.2.3 Preventative Maintenance 

Several system components require regular preventative maintenance to promote 
continuous system operation. System components that require preventative maintenance, 

the tasks to be performed, and the frequency at which they will be performed are identified 
below. A copy of the Preventative Maintenance Tracking Log is included in Table 3. 

4.2.3.1 Package Air Compressor System 

The package air compressor system preventative maintenance will be performed 

semiannually. Preventative maintenance that can be performed by the System Operator 
(e.g., filter change out, oil reservoir filling) will be performed in accordance with the package 
air compressor system operation and maintenance manual. For maintenance tasks that 
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require more in-depth knowledge or are recommended to be performed by an expert, a 
manufacturer representative or recommended qualified contractor will be deployed to the 

site to perform the maintenance. 

4.2.3.2 Oxygen Generator/Receiving Tank 

The oxygen generator/receiving tank preventative maintenance will be performed 
semiannually. Preventative maintenance that can be performed by the System Operator 

will be performed in accordance with the oxygen generator/receiving tank operation and 
maintenance manual. For maintenance tasks that require more in-depth knowledge or are 
recommended to be performed by an expert, a manufacturer representative or 

recommended qualified contractor will be deployed to the site to perform the maintenance.  

4.2.3.3 Flow Totalizer Cleaning 

The discharge manifold flow totalizers will be removed, inspected, and cleaned on a 
biennial basis or as needed. Defective/corroded/fouled internal parts will be replaced (if 

possible) as needed. 

4.2.3.4 Solids Removal 

Solids accumulation in the system equalization tank, solids settling tank, and decant tank 
will be monitored weekly. Solids will be removed from the tanks as needed. It is not 

anticipated that solids accumulation will be a significant issue in the equalization tank. As 
designed, the solids settling tank will accumulate solids; it is crucial that the solids are 
removed prior to solids carry over into the decant tank.   

4.2.3.5 Instrumentation Calibration/Replacement 

System instrumentation that requires calibration or replacement includes: 

 Oxygen sensor, which must be calibrated annually 

 H2S sensor, which must be tested every quarter and calibrated annually or more 
frequently based on measured span drift  and manufacturers recommendations 

 VOC sensor, which must be tested every quarter and calibrated annually or more 

frequently based on measured span drift  and manufacturers recommendations 
 LEL sensor, which must be tested every quarter and calibrated annually or more 

frequently based on measured span drift  and manufacturers recommendations 

 DO probe, which must be replaced every 2 years 
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Calibration and replacement activities will be performed in accordance with manufacturer 
specifications. 

4.3 System Monitoring  

The system operation is monitored to meet the following objectives: 

 Verify normal operation within design specifications 

 Verify that system components are in good condition and operating normally 

 Obtain data that will be used if modifications to the system are required to make 
operation more efficient 

 Obtain data for reporting purposes 

Operating personnel are required to perform system monitoring tasks on a specified 

periodic basis. These tasks must be logged into the specified OMM Logs, which are 
included in Appendix E. The OMM Logs must be completed as directed below and an 
electronic scan of the completed logs will be provided to the OMM Engineer by the end of 

the following week. Any system defects found during monitoring/inspection activities will be 
repaired immediately in accordance with the requirements described in Section 4.2. 

Routine sampling and analysis activities to be conducted during system operation are 
discussed in Section 6. Waste management activities to be conducted, including disposal, 
are discussed in Section 7. 

4.3.1 Daily Monitoring 

Daily system monitoring will consist of remote monitoring and data review and 
interpretation. Daily system monitoring will be performed by the System Operator or an 
OMM Engineer and required data and conditions will be recorded in a Remote Monitoring 

Daily Log (Appendix E). 

4.3.2 Weekly Monitoring 

Weekly monitoring will be performed by the primary or secondary System Operator during 
weekly visits to the site. Required data and inspection results will be recorded in the Weekly 

Monitoring Logs (Appendix E). The weekly site visit will include a download of data from the 
system controller to be subsequently used for more in-depth system performance 
evaluation and for reporting purposes. Weekly site visits and therefore, weekly monitoring 
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requirements, may be changed to biweekly after it has been established that weekly visits 
are not required based on effective automated system operation and remote monitoring/ 

control. 

4.3.3 Annual Monitoring 

OMM personnel will conduct annual system alarm testing to confirm that the system alarms 
are functioning as programmed and that set points are positioned as needed. A copy of the 

Annual Alarm Testing Log is provided in Appendix E; SOP 7: Alarm Testing is provided in 
Appendix C. 

The OMM Manual will be reviewed and updated annually, if necessary, to validate that the 
most current operational practices are included in the manual. 

4.3.4 Groundwater Monitoring Considerations 

A groundwater monitoring plan has been developed for the site and is included in this 

section for reference and provided under separate cover. Groundwater monitoring results 
will be used to evaluate the effectiveness of the system and to determine when operation of 
the system can be discontinued to evaluate the transition to an MNA approach for the site. 

The system shutdown criteria are included in the groundwater monitoring plan for the site. 

Purge water generated during groundwater sampling can be transferred into the system for 

return back to the subsurface. If needed, the purge water will be transferred into the solids 
settling tank. However, monitoring well development water is prohibited from being 
transferred into the system and must be containerized and shipped off site for disposal.   
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5. Record Keeping 

System OMM records will be maintained as described in this section. All OMM and 
sampling documentation will be maintained in separate files (hard copy and/or electronic, 
preferably both) and segregated by calendar weeks within the equipment enclosure. In 

addition to the system OMM records described below, the following documents must be 
available on site: 

 System OMM Manual 

 HASP 

 Manufacturer OMM manuals for system equipment 

5.1 System Data 

System data downloaded from the system controller during the weekly visit will be 

maintained by the OMM Engineer. The System Operator will send the OMM Engineer the 
OMM data before the end of the following week. If the data is too large to send via email, 
the data will be saved to the ARCADIS share drive, if possible, followed by email 

notification of its location, or the data can be saved to a removable drive and mailed to the 
OMM Engineer. 

5.2 Operations, Maintenance, and Monitoring Logs 

Completed system OMM logs will be maintained in chronological order in a file folder on 

site. The completed OMM logs will be electronically scanned and provided to the OMM 
Engineer by the end of the following week. The System Operator is responsible for 
maintaining documentation (field log book) of system shutdowns and restarts, site activities, 

sampling events, site visitors, waste disposal documentation, and other pertinent 
information. 

5.3 Sampling Data 

Preliminary analytical results and final analytical data packages will be sent to the OMM 

Engineer for evaluation and retention in a sample results file. Quality assurance/quality 
control and data validation of these samples is not required at this time. To the extent 
practicable, sample results will be segregated by sample location (i.e., system influent [EW-

1 and EW-2] and system effluent). The sampling program associated with performance 
monitoring of the system is described in Section 6. 
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5.4 Operator Deliverables 

To meet reporting requirements for the performance and operation of the system, the 

System Operator is tasked with providing the following information to the OMM Engineer on 
a weekly basis: 

 Copies of field log book entries 

 Copies of completed OMM logs 

 Copy of the system data 

 Copies of waste transportation and disposal documentation 

 Other pertinent information 
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6. Sampling and Analysis 

This section describes the general procedures for sampling, handling, packing, and 
shipping samples collected from the system for subsequent laboratory analysis.  

6.1 Baseline Sampling 

During initial system startup and shake down, baseline influent samples will be collected 

from the system to evaluate the initial influent concentrations of DO, target compound list 
(TCL) volatile organic compounds (VOCs), TDSs, total suspended solids (TSSs), and 
dissolved iron (ferrous iron).    

6.2 Routine Sampling 

Routine sampling associated with system operation is primarily focused on performance 
monitoring and understanding the characteristics of the influent and effluent for system 
fine tuning. Routine sampling will be performed quarterly for the first year of operation.  

After the system has been fine-tuned, based on consistent influent characteristics, the 
frequency for routine sampling may be changed to semiannual.   

Routine samples will be collected from each extraction well influent line and from the 
injection pump discharge piping (system effluent). Influent and effluent samples will be 
analyzed for DO, TCL VOCs, TDSs, TSSs, and iron (dissolved) as well as any other 

parameter deemed necessary during future operations. Influent DO concentrations will be 
measured in the field. Using a continuous reading probe and meter, DO will be measured 
continuously from the contents of the decant tank. The targeted DO concentration in the 

decant tank is 30 mg/L, ppm. System sampling schedule and requirements are provided 
in Table 4. 

6.3 Non-Routine Sampling and Analysis (Sample Collection by Others) 

If a regulatory agency or other third party is granted approval to collect a sample from the 

system, the System Operator will accompany the agency or third party representative and 
collect the appropriate split samples. Additionally, the System Operator will request that a 
copy of the analytical results (including appropriate quality assurance documentation as 

applicable) be forwarded to the System Operator and OMM Engineer for review and 
comparison.  
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6.4 Waste Characterization 

Solids that accumulate in the process tanks will be sampled and analyzed for waste 
characterization/profiling prior to disposal.  

6.5 Laboratory Requirements 

Analyses of all samples collected from the system will be conducted by TestAmerica 

Laboratories, Inc. (TestAmerica) unless otherwise approved by the OMM Engineer. 
TestAmerica, a laboratory certified by the New York State Department of Health, will 
provide off-site analytical services for system water samples. Contact information for 

TestAmerica is provided below: 

John Schove, Project Manager 

10 Hazelwood Drive       
Amherst, NY 14228  

Tel 716.504.9838 | Fax 716.691.7991 

Sample containers, chain of custody forms, and other needed items can be requested from 
TestAmerica. Basic requirements for completing the chain of custody will be implemented.  

All sample bottles must be completely filled with little to no headspace. SOP 8: Chain of 
Custody, Handling, Packing, and Shipping is provided in Appendix C. 
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7. Waste Management 

The primary waste that will be generated by system operation will be the solids that 
accumulate in the process tanks. The solids will be removed from the tanks as needed. 
The solids that accumulate in the tanks will be sampled for waste characterization and 

profiling for disposal purposes prior to deploying a contractor to the site to remove the 
solids from the tanks. 

Personal protective equipment (PPE) used during OMM will be taken with operator and 
disposed of as general refuse.  

It is assumed that little to no waste storage will be required at the site; however, if small 
amounts of waste must be stored, all state, local, and CEMC guidelines will be met. All 
waste that is shipped from the site will be disposed of at a CEMC-approved waste disposal 

facility. The OMM Engineer will identify waste haulers and vacuum truck service providers 
on a case by case basis.  
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8. Health and Safety 

8.1 Site-Specific Health and Safety Plan 

All activities associated with system OMM will be conducted in accordance with the HASP.  

OMM personnel will review and sign the HASP prior to starting work at the site. A copy of 
the HASP will be kept on site in the equipment enclosure at all times, in an accessible 
location. 

8.2 Specific Activities 

At a minimum, the HASP addresses the following health and safety requirements: 

 Key health and safety personnel and their roles and responsibilities 

 Project hazards and control measures 

 General safety practices 

 Personnel training requirements 

 Emergency response/contingency plan 

 Task/operation health and safety risk analysis 

 Air monitoring 

 Site-specific lock out/tag out procedures 

 PPE 

 PPE equipment reassessment program 

 Medical surveillance 

 Benzene awareness 

The HASP has been distributed to the team and a copy is located at the site. JSAs 
prepared for routine or non-routine tasks are maintained as part of the HASP. 
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9. Management of Change 

The purpose of the MOC procedure is to reduce the potential for safety, environmental, 
health, reliability, or efficiency incidents associated with system OMM activities. This 
process is designed to ensure that all change events are systematically reviewed, 

communicated, approved, and documented. A copy of the CEMC MOC OE Required 
Process along with the CEMC MOC Report Form, are included as Appendix G. Completed 
MOC documents will be collected by the OMM Engineer and included in Appendix H of this 

OMM Manual. 

Changes to equipment, raw materials, and processing conditions resulting from the MOC procedure must be 

documented and/or updated in this OMM Manual using the OMM Manual MOC form (Appendix I). In addition to 
changes to the OMM Manual resulting from MOC procedure, the OMM Manual must be reviewed annually to 
validate that the most current operational practices are included in the manual. The OMM Manual MOC form will 

be completed whenever a change is made to the OMM Manual and will accompany the pages, tables, figures, 
and/or appendices affected by the change when submitted to the OMM team for inclusion in their individual OMM 
Manuals. The form will include relevant information to guide individual team members on where to insert the 

updated portions of the OMM Manual, a brief description of what prompted the change, and the date on which the 
change was implemented. Any orientation or training for the modified system or procedure must be completed 
prior to startup. 
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10. Training and Awareness 

All personnel are required to be adequately trained prior to operating the system. Training requirements are listed 
below:  

 40 Hour Hazwoper training in accordance with OSHA 20 CFR 1910.120 
 8 Hour Refresher Course in accordance with OSHA 20 CFR 1910.120  
 Site-Specific Health and Safety Training  

 Confined Space Entry Training 

 National Fire Protection Association 70E: Standard for Electrical Safety in the Workplace 

 8 Hour Initial Loss Prevention System (LPS) Training and Refreshers 
 Site Awareness Training 
 Chevron 101 

 Smith System Defensive Driver Training 

Documentation of completed training is required and copies of the training certificates will be maintained in 

Appendix J of this OMM Manual. 

All training required for System Operators will be completed and renewed as needed. All personnel performing 

work on site will be required to have received LPS or similar CEMC-approved behavioral-based health and safety 
program training prior to performing any work on site. In addition to behavioral-based health and safety program 
training, all contractors will be required to complete the Chevron 101 Training for Subcontractors as well as receive 

a site orientation briefing. ARCADIS will schedule and coordinate with the subcontractors to schedule the Chevron 
101 Training for Subcontractors class prior to initiating OMM activities. 
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11. Compliance Requirements 

The system operates under a United States Environmental Protection Agency Class V Injection Well Permit. A 
copy of this permit is included as Appendix K. 
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Table 1
Project Contacts

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Organization Contact Role Phone Cell Email Address
RECON Daniel 

Derefinko
Mechanical Contractor 281-664-1127 281-250-5202 dan.derefinko@reconservices.com 9977 W. Sam Houston Parkway 

North,
Suite 100
Houston, Texas  77064-7509

D & M Electric Doug 
Winston

Electrical Contractor 914-345-2102 914-447-1560 doug@dmelectrical.com 90 South Central Ave, Elmsford, 
NY 10523

Parratt-Wolff Sean 
Pepling

Well Driller/Maintenance 
Contractor

800-782-7260
315-437-1429

SPepling@pwinc.com PO Box 56, 5879 Fisher Road
East Syracuse, NY 13057

Product Level Control Bruce 
Grannes

Remediation System 
Vendor

952-707-9101 x 27 bgrannes@productlevel.com 11929 Portland Avenue South
Burnsville, MN 55337

Chuck 
Cernoch

952-707-9101 ChuckC@productlevel.com

Eco-Rental Solutions Air Monitoring Equipment 
Vendor

855-ECO-RENT 75 Rockwood St.
Rochester, NY 14610

Pine Environmental 
Services, Inc.

Air Monitoring Equipment 
Vendor

1-800-301-9663 P.O. Box 943
Hightstown, NJ 08520

Sean's Pool Water Potable Water Delivery 203-536-2405 P.O. Box 61
Bethlehem, CT 06751

ISCO Industries, LLC Trip Weck HDPE Pipe and Manhole 
Vendor

800-345-4726 x 6619 Trip.Weck@isco-pipe.com 926 Baxter Avenue
Box 4545
Louisville, Kentucky 40204

Pumps of Oklahoma Dick 
Greenly

Pump Vendor 405-235-2695 RCGreenly@pumpsofoklahoma.com1220 N.W. 3rd Street
P.O. Box 1124
Oklahoma City, OK 73101

FCx Performance Brian Koroll Instrumentation Vendor 262-512-4000 x 24227 763-458-8448 bkoroll@FCxPerformance.com N106 W13131 Bradley Way
Germantown, WI 53022

Hach Company Darin Lienau Dissolved Oxygen 
Controller/Probe Vendor

800-227-4224 x 6261 dlienau@hach.com 2207 Collections Center Drive
Chicago, IL 60693

RAECO-LIC, LLC Mary Beth 
Castle

Oxygen Sensor Vendor 630-757-1779
800-852-9795

marybeth@raeco.com 135 Bernice Dr, Bensenville IL 
60106

NorthEastern 
Reliability/Koester

Jillian 
Kundin

Solids Settling Tank 
Vendor

585-507-9457 easternreliability2@gmail.com 2230 Penfield Road
Penfield, NY 14526

Maass Midwest 
Manufacturing Inc.

Pitless Adaptor Vendor 847-669-5135 P.O. Box 547 
11283 Dundee Road
Huntley, Illinois 60142-0547

ConEd Barry 
Decker

Electric Utility 914-925-6129 Deckerb@coned.com

ARCADIS Alan 
Gillespie

Construction Supervisor 859-253-9036 x 12 859-333-7702 alan.gillespie@arcadis-us.com 2464 Fortune Dr. Suite 170
Lexington, KY 40509

ARCADIS Greg Mason H&S Coordinator 859-253-9036 x 14 859-806-0746  greg.mason@arcadis-us.com 2464 Fortune Dr. Suite 170
Lexington, KY 40509
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Table 1
Project Contacts

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Organization Contact Role Phone Cell Email Address
ARCADIS Allen Sisson H&S Supervisor 859-253-9036 x 47 859-327-1650 allen.sisson@arcadis-us.com 2464 Fortune Dr. Suite 170

Lexington, KY 40509
ARCADIS Bill McCune Project Manager 315-671-9172 315-420-4348 william.mccune@arcadis-us.com 6723 Towpath Road, P.O. Box 

66
ARCADIS JoAnn 

Robertson
Task Manager 315-671-9143 joann.robertson@arcadis-us.com 6723 Towpath Road, P.O. Box 

66
ARCADIS Andy Korik Task Manager 315-671-9323 andrew.korik@arcadis-us.com 6723 Towpath Road, P.O. Box 

66
ARCADIS Anthony 

Roseamelia
OMM Engineer 315-671-9449 315-720-0226 anthony.roseamelia@arcadis-

us.com
6723 Towpath Road, P.O. Box 
66

ARCADIS Dan Moran OMM Engineer 315-671-9278 315-525-5927 daniel.moran@arcadis-us.com 6723 Towpath Road, P.O. Box 
66

Chevron Environmental 
Management Company

Mark Stella Client Project Manager 713-432-2643 281-382-0281 MarkStella@chevron.com 4800 Fournace Place
E 530A
Bellaire, TX 77401

Security Contractor Dennis Kivel Security Chief 914-591-7365 denniskivel@yahoo.com
Village of Hastings on 
Hudson 

Deven 
Sharma
Deputy 
Charles 
Minozzi

Building Inspector 914-478-3400 x 613 DSharma@hastingsgov.org

Village of Hastings on 
Hudson 

Dave 
Bloomer

Police Chief 914-478-2344 DBloomer@Hastingsgov.org

Village of Hastings on 
Hudson 

Francis 
Frobel

Village Manager

NYSDEC Bill Ports
Dave 
Herman

NYSDEC Project 
Manager

518-402-9672 wfports@gw.dec.state.ny.us
daherman@gw.dec.state.ny.us

625 Broadway
Albany, NY 12233-7014

Haley & Aldrich Keith 
Aragona

ARCO (BP) Consultant 734-887-4362 karagona@HaleyAldrich.com 3840 Packard Road, Suite 130
Ann Arbor, MI  48108-2280

ExxonMobil Environmental 
Service Company

Steve 
Trifiletti 

ExxonMobil Project 
Manager

718-404-0652 steve.p.trifiletti@exxonmobil.com 38 Varick Street
Brooklyn, New York 11222

Roux Associates Tracy 
Bispham

ExxonMobil Oversight 
Consultant

631-232-2600 631-445-4558 tbispham@rouxinc.com 209 Shafter St
Islandia, NY 11749

Woodard & Curran Anne 
Proctor

ExxonMobil Consultant 203-271-0379 aproctor@woodardcurran.com 1520 Highland Avenue
Cheshire, CT 06410
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Table 2

Prioritized Emergency Contact List

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Organization Contact Phone Cell Email
ARCADIS Anthony 

Roseamelia
315-671-9449 315-720-0226 anthony.roseamelia@arcadis-

us.com
ARCADIS Dan Moran 315-671-9278 315-525-5927 daniel.moran@arcadis-us.com
ARCADIS Bill McCune 315-671-9172 315-420-4348 william.mccune@arcadis-us.com
ARCADIS JoAnn 315-671-9143 joann.robertson@arcadis-us.com

ARCADIS Andy Korik 315-671-9323 andrew.korik@arcadis-us.com
Chevron 
Environmental 
Management 
Company

Mark Stella 713-432-2643 281-382-0281 MarkStella@chevron.com 

Note:
In the event of an alarm notification received by system operation personnel or any emergency situation 
associated with the system, the system operation personnel will make notification in accordance with the 
prioritized call list provided above. NOTE: If Anthony Roseamelia is not available, then Dan Moran will be called, 
and so on down the list until direct contact is made.
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Item Description Frequency Initial

Package Air Compressor System 
Preventative Maintenance

2/year 6/1/2013

Oxygen Generator/Receiving Tank 
Preventative Maintenance

2/year 6/1/2013

Discharge Manifold Flow Totalizer Cleaning
Every 2 
years 1/15/2015

T-200 Solids Removal As needed

T-400 Solids Removal As needed

T-300 Solids Removal As needed

Oxygen Sensor Calibration 1/year 1/15/2014

Dissolved Oxygen Probe Replacement
Every 2 
years 1/15/2015

Hydrogen Sulfide Sensor Testing/Calibration 1/Quarter 6/1/2013
Lower Explosive Limit Sensor 
Testing/Calibration 1/Quarter 6/1/2013

Volatile Organic Compound Sensor 
Testing/Calibration 1/Quarter 6/1/2013

Hastings on Hudson, New York

Date Performed

Table 3
Preventative Maintenance Tracking Log

Groundwater Remediation System

Former Tappan Terminal Site
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Table 4
System Sampling Schedule and Requirements

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Location Sample ID No. of Samples Frequency Analyses
Container Type and 

Quantity
Preservative Holding Time

EW-1 Sample Tap EW-1 Influent 1

EW-2 Sample Tap EW-2 Influent 1

P-300 Discharge Piping System Effluent 1

Notes:

DO = dissolved oxygen

HCl = hydrochloric acid

L = liter

mL = milliliter

NA = not applicable

TCL = target compound list

°C = degrees Celsius

4. To be measured in the field and recorded on the chain of custody.

1. Analyses for 6010B include total and dissolved metals (iron, calcium, and magnesium).

5. Routine sampling will be performed quarterly for the first year of operation. After the system has been fine-tuned, the frequency for routine sampling may be changed to semiannually.

Quarterly/ 

Semiannually5

6010B1

6010B1

TCL-8260B2

2540C3

2540D3

DO (field measure)4

(1) 250 mL polyethylene
(1) 250 mL polyethylene 
(3) 40 mL glass voa vials
(1) 500 mL polyethylene
(1) 500 mL polyethylene

NA

HNO3, Cool 4oC

Cool 4oC
HCl, Cool 4°C

Cool 4oC

Cool 4oC
NA

28 days
28 days
14 days
7 days
7 days

NA

HNO3 = nitric acid

2. Analyses for TCL-8260B include volatile organic compounds.

3. Analyses for 2540C/2540D include total dissolved solids and total suspended solids, respectively.

Page 1 Table 4 System Sampling Schedule and Requirements_ebb.xls
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Alarm Corresponding Signal Equipment / Instrument Setpoint
Normal Operating 

Range Maintenance Triggers Critical Alarm Response

AAH-800 High Oxygen Concentration AE-800 23.50 19.5-23.5 Alarm on PLC

Enable EF-1, Enable Hazardous 
Atmosphere Light, Enable Critical Alarm 

Light

AAH-801 High Hydrogen Sulfide Concentration AE-801 0.5 ppm < 0.5 ppm Alarm on PLC
Enable EF-1, Enable Hazardous 

Atmosphere Light

AAH-802
High Volatile Organic Compound 

Concentration AE-802 0.5 ppm < 0.5 ppm Alarm on PLC
Enable EF-1, Enable Hazardous 

Atmosphere Light

AAH-803
High Lower Explosive Limit 

Concentration AE-803 5% <5% Alarm on PLC

Enable EF-1, Enable Hazardous 
Atmosphere Light, Enable Critical Alarm 

Light

AAHH-803
High High Lower Explosive Limit 

Concentration AE-803 10% <5% Alarm on PLC

Disable P-100, Disable P-110, Close SV-
900, Close XCV-200, Disable P-200, 
Disable P-300, Enable EF-1,  Enable 
Hazardous Atmosphere Light, Enable 

Critical Alarm Light

VSL-200 Low Vacuum Vent Fan T-200 VI-200

Variable - Set and verified 
operation at startup and 

during annual alarm 
testing.

Variable - Set and 
verified operation at 
startup and during 

annual alarm testing. Alarm on PLC

Disable P-100, Disable P-110, Close SV-
900, Close XCV-200, Disable P-200, 
Disable P-300, Enable EF-1,  Enable 

Critical Alarm Light

VSL-300 Low Vacuum Vent Fan T-300 VI-300

Variable - Set and verified 
operation at startup and 

during annual alarm 
testing.

Variable - Set and 
verified operation at 
startup and during 

annual alarm testing. Alarm on PLC

Disable P-100, Disable P-110, Close SV-
900, Close XCV-200, Disable P-200, 
Disable P-300, Enable EF-1,  Enable 

Critical Alarm Light

Table 5

Hastings on Hudson, New York
Former Tappan Terminal

Operations, Maintenance and Monitoring Manual
Critical Alarm and Setpoints
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Site Location

Area Location SITE LOCATION MAP

FORMER TAPPAN TERMINAL SITE
HASTINGS-ON-HUDSON, NEW YORK

GROUNDWATER REMEDIATION SYSTEM

REFERENCE: BASE MAP USGS 7.5 MIN. QUAD., YONKERS, N.Y. - N.J., 1966, PHOTOREVISED 1979.

FIGURE
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Appendix A 

 

Equipment Literature 



Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Equipment List

ITEM TAG QTY DESCRIPTION Manufacturer Vendor / Contact

1 P-100 1

Extraction Well 1 Pump (P-100)
Model: Grundfos 60S20-4
Type: Submersible Well Pump                                                                   
Material: Teflon fillted pump, Viton Motor, and 30' Teflon Jacketed 
Cable.                                                                                                         
Pump Connection: 2" FNPT                                                                       
Power Requirements:  3-phase 460-VAC                                                  
Motor- Franklin Pollution Recovery Model PRM2046033
Motor Size / FLA / TDH: 2-HP / ~14-amps / 60-ft
Flow Requirement: 50 gpm              

Grundfos Pumps of Oklahoma

2 P-110 1

Extraction Well 2 Pump (P-110)
Model: Grundfos 60S20-4
Type: Submersible Well Pump                                                                   
Material: Teflon fillted pump, Viton Motor, and 30' Teflon Jacketed 
Cable.                                                                                                         
Pump Connection: 2" FNPT                                                                       
Power Requirements:  3-phase 460-VAC                                                  
Motor- Franklin Pollution Recovery Model PRM2046033
Motor Size / FLA / TDH: 2-HP / ~14-amps / 60-ft
Flow Requirement: 50 gpm              

Grundfos Pumps of Oklahoma

3 V-101, V-108 2
Globe Valves
VALVE, GLOBE, FNPT, 2", 200 WOG 125 WSP, BRONZE/BRASS, 
WATTS-2GLV

Watts PLC

4 PI-101/102/103/201/301 5

Pressure Indicator
WIKA MODEL 232.54 0-100 PSI 4 INCH 1/2 L
VALVE, BALL, TRUE UNION SOCKET/FNPT, 3/4", SCH 80
PVC/VITON, CEPEX-21980VIT, 89997075

Wika PLC

5 V-111/112/113/104/105/106 6
VALVE, BALL
TRUE UNION SOCKET/FNPT, 2", SCH 80
PVC/VITON, CEPEX-21984VIT, 89997200

Cepex PLC

6 V-114/107 2
VALVE, SWING CHECK
FNPT, 2", 200 NSWOG 125 SWP, BRASS/BUNA, MATCO-521T08

Matco PLC

7 P-200 1

Transfer Pump (P-200)
Model: Goulds 3ST1H5B4
Type: Centrifugal Pump                                                                              
Material: 316SS with teflon seals.                                                              
Power Requirements:  3-phase 460-VAC                                                  
Motor Size / FLA / TDH: 3-HP / ~27-amps / 65-ft
Flow Requirement: 100-gpm                                                                      
Motor Enclosure:  Motor not totally enclosed. 

Goulds Pumps of Oklahoma

8 P-300 1

Injection Pump (P-300)
Model: Goulds Model 3ST1F5E4
Material: 316SS with teflon seals.                                                              
Power Requirements:  3-phase 460-VAC                                                  
Motor Size / FLA / TDH: 1.5-HP / ~27-amps / 25-ft
Flow Requirement: 100-gpm                                                                      
Motor Enclosure:  Motor not totally enclosed.                                            

Goulds Pumps of Oklahoma

9 EW-1 and EW-2 2
Pitless Adapter
Model :S-20, 95202
Viton Seals

Dickens Maass Midwest

10 T-400 1

Solids Settling Tank
Model: ASSMAN ICT-5500
Capacity: 5500 gallons
Heat Tracing: 80 degree delta T 
Insulation: Foam

ASSMANN
NorthEastern 

Reliability/Koester

11 Trench 1, 2, 3, 4, and 5 5

Prefabricated Infiltration Trench Manhole
Material: HDPE
Dimensions: 78" H  x  48"6
SDR 32.5 HDPE
See Contract Drawing 11

ISCO ISCO

12 T-200/300 2

1,450 Gallon Equalization Tank                                                     
Model: Poly processing 1001450                                                          
Capacity: 1450-Gallon                                                                           
Material: High density polyethylene

Poly Processing PLC

13 T-500/600 2

Air Compressor                                                                                        
Model: Kaeser                                                                                     
Type: Aircenter packaged rotary screw air compressor with integral 
refrigerated dryer (460VAC, 60 HZ, 3 Phase), ECO-drain electronic 
demand drain, sound attenuated enclosure (67 DB(A)), PC-Based 
sigma control basic system, two-stage4 micron air intake filter, and 
three-stage separation system, tank-mounted on a steel framw/72-
gallon ASME air receiver with a safety relief valve, isolation valves, 
and optional clean air treatment package                                                  
Produces: 28.5 corrected SCFM of air at 125 PSIG

Kaeser PLC/Air Sep

14 Venturi Injector 1

Venturi Injector 
MAZZEI MODEL 2081 PVDF BODY WITH 2" 150# FLANGE INLET
& DISCHARGE, 100 GPM AT 50 PSIG INLET, 100 CFH AT 45
PSIG MAX OXYGEN INJECTION                                                              

Mazzei PLC

15 Flash Reactor 1
Flash Reactor
MAZZEI MODEL FR235-A 2" 150# FLANGE INLET &
DISCHARGE.STAINLESS STEEL CONSTRUCTION                               

Mazzei PLC

16 T-800/T-900 1

Oxygen Generator                                                                                    
Model: Airsep AS-D+100 series PSA osygen generator part number 
AS097-1                                                                                                  
Accessories: accessory kits part number KI425-1 and KI474-1 60-
Gallon ASME oxygen-cleaned receiver part number TA150-1                  
Power: 110/120 VAC, 50/60 HZ, 1 Phase                                                  
Calibration: deliver 100 SCFH of 90 to 95% purity oxygen at a 
maximum delivery pressure of 45 PSIG 

Air Sep PLC/Air Sep

17 PSL-900 1

PRESSURE SWITCH
1.5-150PSIG SINGLE CONTACT
ADJUSTABLE RANGE, 300PSIG MAX, NEMA 4
CD1H-A150SS

BARKSDALE PLC



Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Equipment List

18 V-126 1

PRESSURE REGULATOR 
WILKERSON-R18-04-D000 ,
RELIEVING, 1/2" FNPT, 3-60 PSIG, NO GAUGE, 97 SCFM
CAPACITY

WILKERSON PLC

19 V-128 1
NEEDLE VALVE 
1/4" 5WLIZ

GRAINGER PLC

20 AE/AIT-800 1

Oxygen Sensor
XNX-UTAE-RNNNN, XNX Universal Transmitter 1226-9000, UL/CSA, 
3/4, Aluminum, Electrochemical and relays and XNXXS02SS, XNX 
Sensor Oxygen 0 - 25%

XNX RAECO

21 PIT-800 1

Atmospheric Pressure Transmitter (Barometer) and Signal 
Conditioner                                                                  
Vaisala PTB110 Barometer with Weidmuller DC/DC signal conditioner 
(configurable)

Vaisala/Weidmulle
r

FCx Performance

22 AE/AIT-300 1
Dissolved Oxygen Probe/Controller                                                       
Model: Hach LDO Probe 9020000-SC200                                        
Type: Mounting Conversion Adapter, SC200 Controller with 2 channels

Hach Hach

23 LT-100/110 2

Level Transmitter                                                                                     
Model: Geotech 8205102                                                                           
Type: pressure transducer shall be non-vented, cable shall be 25-feet 
long                                                                                                             
Range: 30-PSI

Geotech Geotech 

24 LT-700/704 5

Level Transducer                                                                                      
Model: Geotech 8205102                                                                           
Type: pressure transducer shall be non-vented, cable shall be 10-feet 
long                                                                                                      
Range: 30-PSI

Geotech Geotech 

25 LT-705/708 4

Level Transmitter                                                                                     
Model: Geotech 8205102                                                                           
Type: pressure transducer shall be non-vented, cable shall be 20-feet 
long                                                                                                             
Range: 30-PSI

Geotech Geotech 

26 PI-700/708 9

Pressure Indicator  
WIKI MODEL 232.54 0-50 PSI 4 INCH 1/2 L, 
VALVE, BALL, TRUE UNION SOCKET/FNPT, 3/4", SCH 80
PVC/VITON, CEPEX-21980VIT, 89997075                                               

Wika PLC

27 PI-900/901 2
Pressure Indicator 
GAUGE, PRESSURE, 0-100 PSI 2 1/2" DIAL 1/4" MNPT LM
LIQUID FILLED                                                                                          

Dasco PLC

28 FIT-100/110/201/700 4

Flow Indicating Transmitter
BADGER 2" M2000 SERIES MAGMETER, TEFLON LINER, 120 VAC, 
INTEGRAL TRANSMITTER, LOCAL RATE AND TOTAL
DISPLAY, 4-20 MA OUTPUT, PULSE OUTPUT, REMOTE RESET
AND GROUNDING RINGS.                                                                  

BadgerMeter, INC PLC

29 Discharge Mainfold Ball Valves 9
VALVE, BALL
TRUE UNION SOCKET/FNPT, 1 1/2", SCH 80, PVC/VITON, CEPEX-
21983VIT, 89997150

Cepex PLC

30 V-710/719 9
VALVE, GLOBE
1 1/2" FNPT, 150WOG/100WSP, BRONZE, RED-WHITE FIGURE NO. 
210

Red-White PLC

31 LE/LIT-200/300 2
Level Indicating Transmitter
WIKA LS -10 LEVEL TRANSMITTER, 4-20mA OUTPUT, 0-100
INCHES WATER COLUMN RANGE, WITH 25 ' CBL                               

Wika PLC

32 VFD 2
Variable Frequency Drive                                                               
Model: ABB ACS355 Drive

ABB Pumps of Oklahoma

33 PS-200/300 2

Pressure Switch 
PRESSURE SWITCH, 0.5-80PSIG SINGLE CONTACT
ADJUSTABLE RANGE, 160PSIG MAX, NEMA 4
17-7PH, BARKSDALE-CD1H-A80SS                                                        

BARKSDALE PLC

34 FT-300/380 9
Flow Totalizer 
1.5" FNPT Badger Flow meters model RCDL c/w RTR
Transmitter, 2-120 GPM NORMAL FLOW RANGE, 8E064-00-VB060      

BadgerMeter, INC PLC

35 FM-200 1
Flow meter 
DWYER MODEL IF2702 FLOW METER 3 SCFM                                     

Dwyer PLC

36
LSHH-200/300/400-LSLL-

200/300
5

Level Switch 
LEVEL SWITCH, VERTICAL, SINGLE LEVEL SWITCHING,
CABLE RESTRAINT MOUNT, 50' TFFN CORD, ACETAL FLOAT,
BRASS BODY  
PLC-SDA0-SFT275-NC                                                                             

PLC PLC

37 SV-900 1

Solenoid Valve                                                                                          
ASCO-8210G094-120 / 60 SOLENOID VALVE, 2 WAY / 2
POSITION, N.C., 120 VAC, 1/2", 0 PSI CRACKING PRESSURE,
150 PSI MAX AIR, 150 PSI MAX WATER, 180°F MAX, NON-EXP, 
Standard Red Hat II

ASCO PLC

38 TIT-800 1

Temperature Indicating Transmitter  
PYROMATION TEMPERATURE SENSOR ASSEMBLY- RTD: +-
0.1%, -328-400°F RANGE, 1/4" DIAMETER X 2" LONG STRAIGHT
316 SS SHEATH WITH 1/2" X 1/2" MNPT HEX STEEL HEAD.
HEAD: CAST ALUMINUM SCREW COVER. TRANSMITTER:100
OHM PLATINUM UPSCALE BURNOUT TRANSMITTER, 2 WIRE
OUTPUT, 0-150°F RANGE                                                                        

Pyromation PLC

39 Building Heaters 2

Unit Heaters
10,000 WATT FORCED AIR HEATER WITH WALL MOUNT
BRACKET, MODEL IUH1048 HEATER,
MT BRACKET CWB1

Qmark PLC

40 Building Exhaust Fan 1

Exhaust Fan
Direct Drive, Shutter Mounted, Single Speed, Propeller
Dia 18 In, CFM @ 0.000-In SP 2590, @ 0.125-In SP 2190, @ 0.250-
In SP 1705, Sones @ 0.000-In. SP @ 5 Ft. 14.3, Voltage 115, 60
Hz, Single Phase, Full Load Amps 4.5, HP 1/4, Max Ambient Temp
104 F, Motor Type Shaded Pole, Bearing Type Sleeve, Height 21
1/8 In, Width 21 1/8 In, Max Depth 18 1/4 In, Sq Opening Required
19 In, Propeller Material Stamped Aluminum, Guard Material Steel,
Includes Automatic Shutter, GRAINGER 1HLA5

Grainger PLC



Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Equipment List

41 Louver 1
Vent
24" X 24" ALUM MOTORIZED LOUVER VENT, McMASTER-
2047K5171

McMaster-Carr PLC

42 Thermostat 1

THERMOSTAT
LINE VOLTAGE HEATING OR COOLING INDUSTRIAL
THERMOSTAT, 5' REMOTE BULB, 0 TO +120°F, SPDT,
120/240VAC 16/12AMPS, NEMA 4X, GRANGER-4MY93

Grainger PLC

43 LSHH-800 1

LEVEL SWITCH
VERTICAL, SINGLE LEVEL SWITCHING,
CABLE RESTRAINT MOUNT, 50' TFFN CORD, ACETAL FLOAT,
BRASS BODY, PLC-SDA0-SFT275-NO

PLC PLC

44 Pipe Heat Trace
Heat Trace
Danfoss PX Self-Regulating Cable
088L1453, 120 V, 10W/ft

Danfoss D & M

45 V-116/117/121/134 4
VALVE, BALL
TRUE UNION SOCKET/FNPT, 3", SCH 80
PVC/VITON

Cepex PLC

46 V-119/136 2
VALVE, SWING CHECK
FNPT, 3", 200 NSWOG 125 SWP, BRASS/BUNA, MATCO

Matco PLC

47 V-120/122/137 3
Globe Valves
VALVE, GLOBE, FNPT, 3", 200 WOG 125 WSP, BRONZE/BRASS, 
WATTS

Watts PLC

48 XCV-200 1
Motorized Control Valve
3" MOTOR DRIVEN BRASS BALL VALVE 110 VAC ELECTRIC
ON/OFF ACTUATOR, 8E064-00-VB060                                                   

Rubinetterie 
Bresciane/Valbia

PLC















































































































































































































Chemical Processing

Degreasing

Cleaning Solvents

Disinfectants

Laboratories

Paints & Varnishes

Pesticides

Industrial Emisssions

Specifications subject to change without notice 
due to continued program of  product 
innovation.

Model TA-2100 smarter
PID VOC Gas Detector

Detection Principle: PID Photo-Ionization 
Detection Method: Diffusion or Sample Drawing
Detection Range: 0 - 200 ppm (parts-per-million) 
Calibration Method: Non-intrusive, magnetic tool
Operating Voltage: 12 - 30 VDC, 24 VDC nominal
Power Requirements: 1.82 W @ 24 VDC
Electrical Connections: Power (24 VDC) and Signal (4-20mA)
Cable Requirements: 3 or 4 wires, shielded
Optional Connections: RS-485 Half-duplex (Modbus RTU)
Resolution: 1 ppm minimum detection level
Zero Drift: less than 1% of full-scale
Temperature Range: -20˚C to +55˚C
Humidity Range: 5 - 95% RH, non-condensing
Response Time: <30 sec. to 90% of final reading
Recovery Time: <30 sec. to 90% recovery
Sensor Service Life: >18 mos. typical; normal conditions 
Electronic Enclosure: Ex-Proof, alum. or 316 SS, Nema 4x
Enclosure Certifications: CSA/UL/FM Class I GR B,C,D

Specifications Applications

Features
no false alarms PID Photo-Ionization sensor technology

Self-Calibration adjusts monthly based on sensor life curve

Auto-Gas Calibration, non-intrusive, hands-free, magnetic switches

Not  affected by temperature -20˚C to +55˚C, stable by design

LCD display - 12 characters x 2 lines - provides user interface with
magnetic switches - no dip switches - LED alarm indicators

Offsite sensor calibration with memory chip embedded in sensor

Peak Value, 15-min. TWA, Remaining Sensor Life, Replace Sensor 
indication and number of days since last gas calibration

Optional Relay Module; low, mid, high and fault conditions

Optional RS-485 Modbus RTU Network interface

Advanced diagnostics - continuous on-board systems monitoring
 

Options

- Modbus RTU
- Relay Module
- Sensor Cable
- Sample Pump
- Duct Mount Kit
- Dust Guard
- Splash Guard
- Wireless Module
- 110/220 VAC
- Calibration Kits
- 316 SS Enclosure

Part No. 01-26114













































LIGHT DUTY STROBE LIGHT

•	 Available in 12-24VDC, 120VAC 
and 240VAC 

•	 Six dome colors

•	 10,000 hour strobe tube

•	 Integrated 1/2-inch NPT pipe and 
surface mount

•	 Indoor/outdoor use

•	 Type 4X, IP66 enclosure

•	 UL and cUL Listed and
CSA Certified 

Firebal l ® 
Strobe Warning Light
Model FB2PST and FB2PST-I

Federal Signal’s brightest and most compact strobe light, 
the Fireball® emits a powerful “lightning bolt” flash of light. 
Approximately five inches tall and four inches in diameter and rated 
at 300 effective candela, the Fireball is an economical solution to a 
wide variety of stationary and vehicular warning requirements. The 
Fireball is available in 12-24VDC, 24VDC, 120VAC and 240VAC. All 
models are UL Listed and CSA Certified. The FB2PST is available in 
six colors – Amber, Blue, Clear, Green, Magenta, and Red.

The 24VDC Model FB2PST-I features a voltage in-rush limiting PCB 
design that provides greater compatibility with factory automation 
control systems and less electrical interference with in-rush sensitive 
devices.

The Fireball features a unique dome that twists off easily for quick 
dome and lamp replacements. The newly redesigned base features 
an integrated 1/2-inch NPT pipe mount base as well as the three 
holes required for surface mount configurations. Black epoxy paint 
is electrostatically applied to the base for superior corrosion resistance. 
The Fireball dome and base design provides a watertight, dust-tight 
and corrosion resistant Type 4X rating.

The FB2PST is designed for stationary pipe and surface mount 	
applications. 

The Fireball can be used in any application where a superior visual 
signal is needed. It is especially effective in the warning of industrial 
hazards, process control, status indication and in areas with high 
ambient noise levels.

Federal Signal’s Fireball Strobe is a very low-maintenance warning 
light for industrial applications where a vibration-resistant light is 
required to signal an emergency or process status.

5yr5555y
W A R R A N T Y

			   Operating 	 Flash Rate/	          Candela
Model	 Voltage	 Current	 Minute	 Peak1	 ECP2	 Mount
FB2PST-012-024 * 	 12-24VDC	 1.70-0.70 amps	 80	 1,000,000	 300	 1/2" NPT Pipe/Surface

FB2PST-I-024 * 	 24VDC	 0.70 amps	 80	 1,000,000	 300	 1/2" NPT Pipe/Surface
	 	 	 (2.0 amp In-rush)

FB2PST-120 * 	 120VAC 50/60Hz	 0.25 amps	 90	 1,000,000	 300	 1/2" NPT Pipe/Surface

FB2PST- 240 * 	 240VAC 50/60Hz	 0.20 amps	 90	 1,000,000	 300	 1/2" NPT Pipe/Surface

1  Peak candela is the maximum light intensity generated by a flashing light during its light pulse   
2  ECP (Effective Candela) is the intensity that would appear to an observer if the light were burning steadily   

* Indicates color: (A) Amber, (B) Blue, (C) Clear, (G) Green (M) Magenta or (R) Red

FEDERAL SIGNAL CORPORATION



H O W  T O  O R D E R

•	 Specify model, voltage and color

•	 Optional Accessories:	
		 Corner Bracket (LCMB2)*	
		 Wall Bracket (LWMB2)*

•	 Please refer to Model Number Index 
FB2PST beginning on page 372

S P E C I F I C A T I O N S
Lamp Life:	 10,000 Hours	 10,000 Hours
Light Source: 	 Strobe tube	 Strobe tube
Operating Temperature:	 -31°F to 150°F	 -35˚C to 66˚C	
Net Weight:	 2.0 lbs.	 0.9 kg	
Shipping Weight:	 2.12 lbs.	 0.96 kg
Height:	 5.25"	 133.4 mm
Diameter:	 4.10"	 100.1 mm

FIREBALL® STROBE WARNING LIGHT (FB2PST / FB2PST-1)

2645 Federal Signal Dr., University Park, IL 60484   Tel: 708.534.4756    Fax: 708.534.4852    www.federalsignal-indust.com

R E P L A C E M E N T  P A R T S

Description	 Part Number	 Description	 Part Number
Dome, Amber	 K8550320A	 PC Assembly, 12-24VDC	 K2001202C

Dome, Blue	 K8550320A-01	 PC Assembly, 120VAC	 K200D866G

Dome, Clear	 K8550320A-02	 PC Assembly, 240VAC	 K200D866G-01

Dome, Green	 K8550320A-03	 Strobe Tube, Series A4, A5, B	 K8107177A

Dome, Red	 K8550320A-04	 120VAC Fuse	 K148A155A-01

Dome, Magenta	 K8550320A-05	

Easy-Access

Twist-off Dome

1/2" NPT Pipe Mount and

3-hole Surface Mount

Built-In Strobe 

Power Supply

High-Powered 

Strobe Tube

Impact-Resistant 

Fresnel Dome

4.1"/100.1 mm

5.25"/133.4 mm

*  Not Type 4X rated.
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PSW20 Series
Pressure, vacuum or differential pressure switches

M4067-0504

  Shop online at: omega.com   e-mail: info@omega.com
  For latest product manuals: omegamanual.info

Installation Instructions for OMEGA PSW20 Series:  Pressure, Vacuum and Differential
Pressure Switches.

General

The PSW20 series is single pole switch that can be used as a pressure or vacuum switch (from 0.40 in W. C. to
20 inches W. C.) or as a pressure differential switch. The switch can respond to rapid pulsing and the gold
plated silver contacts will handle low level switching currents.

Mounting Instructions

Switch may be mounted in horizontal or vertical position, through 0.12" (3mm) holes on 1.34" (34mm)
centerline, with suitable clearances to accommodate 0.15" I.D tubing and electrical connectors – see diagram
for dimensions.

Electrical, Pneumatic and Material/Mechanical Specification

Part
Number

Pressure range
(inches water, gauge)

Pressure Vacuum Differential
PSW20A 0.4-15 0.4-15 .04-15
PSW20B 1-20 1-20 1-20

INSTRUCTION
SHEET



Standard
Electrical rating

Repeat
AccuracyPart

Number Max.
Resistive

Min
Resistive

Constant
Temperature

Contact
Resistance
  (ohms)

PSW20A 750ma
250VAC

5 ma
3 VDC

+/- 4% 0.04

PSW20B 1 amp
250

VAC

5 ma
3 VDC

+/- 3% 0.02

Body Acetal
Diaphragm EPDM is standard; Nitrile

available. NOTE: EPDM should
not be used in petroleum
applications

Contacts Gold plated silver
Springs Plated phosphor bronze
Terminals Plated copper or brass
Adjusting screw Stainless steel or zinc plated SS
Weight 9 grams (0.3oz)
Operating temperature -30 C to +65 C (-23F to 149F)
Listings UL recognized for 100,000

operations
CSA certified

Connections and Adjustment

Pressure Switching – Normally Open Contacts

Connect the pressure source to inlet port B (see diagram) and set the adjusting screw to the desired pressure.
Turning the screw clockwise narrows the gap between contacts and decreases the pressure set point. Turning the
pressure adjusting screw counterclockwise increases the set point. Note: the media entering the
diaphragm through Port B is separated from the electrical contacts by the diaphragm.

Pressure Switching – Normally Closed Contacts

Connect the pressure source to Port A and monitor continuity across the terminals. Slowly turn the adjusting
screw clockwise, narrowing the gap between contacts until the contacts are closed. Apply the set point pressure
which will open the contacts. Continue to turn the adjusting screw clockwise until the contacts
make and break at the desired point.

Vacuum Switching

Repeat the above procedure using Port A for Normally Open Contacts and Port B for Normally Closed
Contacts.



Media in Contact with Electrical Contacts

Note that the pressure media entering through Port A is in direct contact with the electrical contacts in the
switch, whereas the pressure media entering through Port B is separated from the electrical contacts by the
diaphragm.

Note: The EPDM diaphragm should not be used with petroleum products. Specify Nitrile for these applications.



It is the policy of OMEGA to comply with all worldwide safety and EMC/EMI regulations that apply. OMEGA is constantly pursuing certification of its products to the
European New Approach Directives. OMEGA will add the CE mark to every appropriate device upon certification.
The information contained in this document is believed to be correct, but OMEGA Engineering, Inc. accepts no liability for any errors it contains, and reserves the right to alter specifications without
notice. WARNING: These products are not designed for use in, and should not be used for, human applications.

WARRANTY/DISCLAIMER
OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and workmanship for a period of 13 months from date of purchase.
OMEGA’s WARRANTY adds an additional one (1) month grace period to the normal one (1) year product warranty to cover handling and
shipping time. This ensures that OMEGA’s customers receive maximum coverage on each product. 

If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA’s Customer Service Department will issue an Authorized Return (AR)
number immediately upon phone or written request. Upon examination by OMEGA, if the unit is found to be defective, it will be repaired or replaced
at no charge. OMEGA’s WARRANTY does not apply to defects resulting from any action of the purchaser, including but not limited to mishandling,
improper interfacing, operation outside of design limits, improper repair, or unauthorized modification. This WARRANTY is VOID if the unit shows
evidence of having been tampered with or shows evidence of having been damaged as a result of excessive corrosion; or current, heat, moisture or
vibration; improper specification; misapplication; misuse or other operating conditions outside of OMEGA’s control. Components which wear are not
warranted, including but not limited to contact points, fuses, and triacs.

OMEGA is pleased to offer suggestions on the use of its various products. However, OMEGA neither assumes responsibility for any
omissions or errors nor assumes liability for any damages that result from the use of its products in accordance with information provided
by OMEGA, either verbal or written. OMEGA warrants only that the parts manufactured by it will be as specified and free of defects.
OMEGA MAKES NO OTHER WARRANTIES OR REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESS OR IMPLIED, EXCEPT THAT OF
TITLE, AND ALL IMPLIED WARRANTIES INCLUDING ANY WARRANTY OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE HEREBY DISCLAIMED. LIMITATION OF LIABILITY: The remedies of purchaser set forth herein are exclusive, and the total liability of
OMEGA with respect to this order, whether based on contract, warranty, negligence, indemnification, strict liability or otherwise, shall not
exceed the purchase price of the component upon which liability is based. In no event shall OMEGA be liable for consequential, incidental or
special damages.

CONDITIONS:  Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as a “Basic Component” under 10 CFR 21 (NRC), used in
or with any nuclear installation or activity; or (2) in medical applications or used on humans. Should any Product(s) be used in or with any nuclear
installation or activity, medical application, used on humans, or misused in any way, OMEGA assumes no responsibility as set forth in our basic
WARRANTY/ DISCLAIMER language, and, additionally, purchaser will indemnify OMEGA and hold OMEGA harmless from any liability or damage
whatsoever arising out of the use of the Product(s) in such a manner.

Servicing North America:
USA: One Omega Drive, Box 4047
ISO 9001 Certified Stamford CT 06907-0047

Tel: (203) 359-1660 FAX: (203) 359-7700
e-mail: info@omega.com

Canada: 976 Bergar
Laval (Quebec) H7L 5A1, Canada
Tel: (514) 856-6928 FAX: (514) 856-6886
e-mail: info@omega.ca

For immediate technical or application assistance:
USA and Canada: Sales Service: 1-800-826-6342 / 1-800-TC-OMEGA®

Customer Service: 1-800-622-2378 / 1-800-622-BEST®

Engineering Service: 1-800-872-9436 / 1-800-USA-WHEN®

TELEX: 996404   EASYLINK: 62968934   CABLE: OMEGA

Mexico: En Español: (001) 203-359-7803 e-mail:espanol@omega.com
FAX: (001) 203-359-7807 info@omega.com.mx

OMEGAnet® Online Service Internet e-mail
www.omega.com info@omega.com

Servicing Europe:
Benelux: Postbus 8034, 1180 LA Amstelveen, The Netherlands

Tel: +31 (0)20 3472121 FAX: +31 (0)20 6434643
Toll Free in Benelux: 0800 0993344
e-mail: sales@omegaeng.nl

Czech Republic: Frystatska 184, 733 01 Karviná, Czech Republic
Tel: +420 (0)59 6311899 FAX: +420 (0)59 6311114
Toll Free: 0800-1-66342 e-mail: info@omegashop.cz

France: 11, rue Jacques Cartier, 78280 Guyancourt, France
Tel: +33 (0)1 61 37 2900 FAX: +33 (0)1 30 57 5427
Toll Free in France: 0800 466 342
e-mail: sales@omega.fr

Germany/Austria: Daimlerstrasse 26, D-75392 Deckenpfronn, Germany
Tel: +49 (0)7056 9398-0 FAX: +49 (0)7056 9398-29
Toll Free in Germany: 0800 639 7678
e-mail: info@omega.de

United Kingdom: One Omega Drive, River Bend Technology Centre
ISO 9002 Certified Northbank, Irlam, Manchester

M44 5BD United Kingdom 
Tel: +44 (0)161 777 6611 FAX: +44 (0)161 777 6622
Toll Free in United Kingdom: 0800-488-488
e-mail: sales@omega.co.uk

M4067/0504

RETURN REQUESTS / INQUIRIES
Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. BEFORE RETURNING ANY PRODUCT(S) TO
OMEGA, PURCHASER MUST OBTAIN AN AUTHORIZED RETURN (AR) NUMBER FROM OMEGA’S CUSTOMER SERVICE DEPARTMENT (IN ORDER
TO AVOID PROCESSING DELAYS). The assigned AR number should then be marked on the outside of the return package and on any
correspondence.
The purchaser is responsible for shipping charges, freight, insurance and proper packaging to prevent breakage in transit.
PATENT NOTICE: U. S. Pat. No. 6,074,089; 5,465,838 / Canada 2,228,333; 2,116,055 / UK GB 2,321,712 / Holland 1008153 / Israel 123052 / France 
2 762 908 / EPO 0614194. Other patents pending.

FOR WARRANTY RETURNS, please have the following information
available BEFORE contacting OMEGA:
1. Purchase Order number under which the product was PURCHASED,
2. Model and serial number of the product under warranty, and
3. Repair instructions and/or specific problems relative to the product.

FOR NON-WARRANTY REPAIRS, consult OMEGA for current repair charges.
Have the following information available BEFORE contacting OMEGA:
1. Purchase Order number to cover the COST of the repair,
2. Model and serial number of the product, and
3. Repair instructions and/or specific problems relative to the product.

OMEGA’s policy is to make running changes, not model changes, whenever an improvement is possible. This affords our customers the latest in technology and
engineering.
OMEGA is a registered trademark of OMEGA ENGINEERING, INC.
© Copyright 2004 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied, photocopied, reproduced, translated, or reduced to any electronic
medium or machine-readable form, in whole or in part, without the prior written consent of OMEGA ENGINEERING, INC.
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PIPING AND INSTRUMENTATION DIAGRAM (1)
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TYPICAL IW DETAIL
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PIPING AND INSTRUMENTATION DIAGRAM (2)
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INSTARUMENT LIST, SPECIFICATION AND I/O COUNTS

TAG NUMBER SPECIFICATIONS DC-DI DC-DO AC-DI AC-DO AI AO

LT100 4-20 MA 2 WIRES 1

LT110 4-20 MA 2 WIRES 1

LT700 4-20 MA 2 WIRES 1

LT701 4-20 MA 2 WIRES 1

LT702 4-20 MA 2 WIRES 1

LT703 4-20 MA 2 WIRES 1

LT704 4-20 MA 2 WIRES 1

LT705 4-20 MA 2 WIRES 1

LT706 4-20 MA 2 WIRES 1

LT707 4-20 MA 2 WIRES 1

LT708 4-20 MA 2 WIRES 1

PS200 SPDT 1

PSL900 SPDT 1

PS300 SPDT 1

FIT100
24VDC POWER, 4-20 MA,
PULSE OUT, REMOTE
RESET.

1 1

FIT110
24VDC POWER, 4-20 MA,
PULSE OUT, REMOTE
RESET.

1 1

FIT201
24VDC POWER, 4-20 MA,
PULSE OUT, REMOTE
RESET.

1 1

FIT700
24VDC POWER, 4-20 MA,
PULSE OUT, REMOTE
RESET.

1 1

PIT800 24 VDC POWER, LOOP
POWERED 1

LIT200 24VDC POWER, 4-20 MA 1

LSLL200 SPDT, N.O. 1

LSHH200 SPDT, N.C. 1

LIT300 24VDC POWER, 4-20 MA 1

AIT300 120 VAC POWER, 4-20 MA
SOURCE POWERED 1

LSLL300 SPDT, N.O. 1

LSHH300 SPDT, N.C. 1

LSHH400 SPDT, N.C. 1

LSHH800 SPDT, N.C. 1

TIT800 4-20 MA 1

FT300-FT380 REED SWITCH OUTPUT 9

XCV200 120VAC, (2)LS 2 1
SV-900 1

P200 DRIVE 2 1 1 1
P300 DRIVE 2 1 1 1

P100 STARTER 3 1
P110 STARTER 3 1

T-500 COMP.
STARTER 3 1

OX GEN T800 3 1
AUTO DIALER 4

MIN. NUMBER OF
SPARES 8 8 4 4 8 2

TOTAL
ESTIMATE I/O : 30 12 22 12 30 4
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Appendix C 

 

Standard Operating Procedures 
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SOP 1: Oxygen Enriched Environment Equipment Enclosure Entry
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SOP 1: Oxygen Enriched Environment Equipment Enclosure Entry 

1. Through daily system monitoring and observation of the equipment enclosure oxygen 

sensor reading, the indication of an oxygen-enriched environment will be determined. If 

an oxygen-enriched environment is observed, the entire system will be shut down 

immediately and a site visit will be conducted as soon as possible. This Standard 

Operating Procedure (SOP) presents the procedures that will be followed to enter the 

building and investigate the source of the oxygen leak.   

2. Upon arriving on site, notify the Operation, Maintenance, and Monitoring (OMM) 

Engineer, confirm the current oxygen reading, and that the system is shut down. 

3. The following minimum personal protective equipment requirements (Level D) will be 

worn before entering the equipment enclosure: steel-toe boots, safety glasses, reflective 

vest, and hard hat. 

4. Open the barn style doors and man door of the equipment enclosure and allow 5 to 10 

minutes for the air to vent to the outer atmosphere. 

5. Enter the equipment enclosure and check the reading on the oxygen sensor to see if it 

is reading an appropriate value once the enclosure has been vented. A value that does 

not make sense (an extreme high or low value) may indicate that the sensor requires 

calibration or a component of the sensor is defective.  

6. Be aware of any unusual odors. If you begin to feel faint at any point, immediately 

evacuate the building. 

7. Verify that the lids of T-200 and T-300 are securely closed upon entering the equipment 

enclosure. If the lids are not securely closed, fugitive oxygen may have entered into the 

equipment enclosure instead of being vented outside as designed. 

8. Check the pressure reading of the contents of T-900. No or little pressure in T-900 may 

indicate a leak in the oxygen supply system connections and/or piping. 

9. After thoroughly venting the equipment enclosure and eliminating a defective oxygen 

sensor and/or open process tank lids, a leak test of the oxygen supply system shall be 

performed. 

10. If T-900 is already up to pressure and SV-900 is closed, the leak is most likely 

downstream of SV-900. Perform a confirmatory leak test using a soapy water solution 

(Leak Tec or other) on all joints and connections downstream of SV-900. 

11. If T-900 is not pressurized or is indicating little pressure accumulation, start up the 

oxygen supply system only, with SV-900 remaining closed, to determine if pressure can 

accumulate in T-900. 
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12. While the oxygen supply system is operating, perform a leak test using a soapy water 

solution (Leak Tec or other) on all joints and connections upstream of SV-900. 

13. Once the source of the leak is identified, repair the leak. If the leak is not repairable on 

the spot, procure the necessary parts and fix the leak as soon as possible. 

14. Do not restart the system for normal operation until the source of the oxygen leak is 

identified and fixed. 

15. Note all pertinent information related to the response and actions taken in the System 

Operator field log book, as well as on any applicable OMM logs. 

 

 

 

 



Former Tappan Terminal Site 
Hastings on Hudson, New York 

Groundwater Remediation System 
 

SOP 2: System Pre-Startup 
 
Operator: ________________________ Date: ___________ Time: ____________ 
Reason for Previous Shut-Down: _____________________________________________ 
Corrective Actions Taken: __________________________________________________ 

 

Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

1 EW-1 LT-100 

Verify that level transmitter is hanging free of 
obstruction. 
 
Verify that level transmitter high and low level alarm 
set points have been established and tested/ 
calibrated with respect to depth to water and pump 
intake using atmospheric pressure transmitter PIT-800 
(barometer) reading. 

 

2 EW-1 P-100 
Verify that the Hand-Off-Auto (HOA) control setting is 
set to Off. 

 

3 EW-2 LT-110 

Verify that level transmitter is hanging free of 
obstruction. 
 
Verify that level transmitter high and low level alarm 
set points have been established and tested/ 
calibrated with respect to depth to water and pump 
intake using atmospheric pressure transmitter PIT-800 
(barometer) reading. 

 

4 EW-2 P-110 Verify that the HOA control setting is set to Off.  

5 
System 
Influent 

V-101 and V-
108 

Verify that globe valves are fully open to allow for free 
flow (globe valves may need to be partially closed and 
used for throttling flow from the extraction wells). 
 
Note: During initial system startup, the globe 
valves will be adjusted to balance flow from the 
extraction wells and discharge from T-200. After 
initial system startup, do not change globe valve 
setting unless absolutely necessary. 

 

6 
System 
Influent 

V-102 and V-
109 

Verify that pressure gauge valves are fully open to 
allow for free flow to pressure gauge. 

 

7 
System 
Influent 

V-103, V-110, 
and V-115 

Verify that sample tap valves are fully closed  

8 
System 
Influent 

V-106 and V-
113 

Verify that flow meter bypass valves are fully closed.  

9 
System 
Influent 

V-104, V-105, 
V-111, and V-
112 

Verify that flow meter isolation valves are fully open to 
allow for free flow. 

 

10 
System 
Influent 

FIT-100 

Verify that an acceptable low-flow alarm initial set 
point and system response delay have been 
established. 
 
Record totalized volume. 

 

11 
System 
Influent 

FIT-110 

Verify that an acceptable low-flow alarm initial set 
point and system response delay have been 
established. 
 
Record totalized volume. 

 



Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

12 
System 
Influent 

V-116 
Verify that T-200 isolation valve is fully open for free 
flow. 

 

13 T-200 LSLL-200 

Verify that level switch is hanging free of obstruction. 
 
Verify that an acceptable low-level alarm set point has 
been established. 

 

14 T-200 LSHH-200 

Verify that level switch is hanging free of obstruction. 
 
Verify that an acceptable high-level alarm set point 
has been established. 

 

15 T-200 LE/LIT-200 

Verify that level transmitter is hanging free of 
obstruction. 
 
Verify that acceptable low- and high-level alarm initial 
set points have been established, low- and high-level 
alarm initial set points coincide with the level switches 
in the tank, and the level set point to be maintained in 
the tank is programmed (functionality with variable 
frequency drive [VFD] to maintain set level in T-200 
will be fine-tuned, if needed, during initial system 
startup). 

 

16 T-200 
T-200 Man 
Way 

Once configuration and functionality of T-200 internal 
components are established, secure man way cover 
so any vapors that may accumulate in the tank during 
operation are vented to the atmosphere.  

 

17 
T-200 
Discharge 

V-117 
Verify that T-200 discharge valve is fully open for free 
flow. 

 

18 
T-200 
Discharge 

P-200 
Verify that the HOA control setting is set to Off 
(functionality with VFD to maintain set level in T-200 
will be established during initial system startup). 

 

19 
P-200 
Discharge 

V-118 
Verify that pressure switch valve is fully open to allow 
for free flow to pressure switch. 

 

20 
P-200 
Discharge 

PS-200 
Verify that acceptable high-pressure alarm initial set 
point has been established. 

 

21 
P-200 
Discharge 

V-120 

Verify that globe valve is fully open to allow for free 
flow (globe valve may need to be partially closed and 
used for throttling flow from P-200). 
 
Note: During initial system startup, the globe 
valves will be adjusted to balance flow from the 
extraction wells and discharge from T-200. After 
initial system startup, do not change globe valve 
setting unless absolutely necessary. 

 

22 
P-200 
Discharge 

V-121 and V-
122 

Verify that T-200 recirculation piping valves are fully 
closed. 

 

23 
P-200 
Discharge 

FIT-200 

Verify that an acceptable low-flow alarm initial set 
point and system response delay have been 
established. 
 
Record totalized volume. 

 

24 
P-200 
Discharge 

Venturi 
Bypass Valve 

Verify that Venturi bypass piping valve is fully closed.  

25 
P-200 
Discharge 

V-123 
Verify that pressure gauge valve is fully open to allow 
for free flow to pressure gauge. 

 

26 
Oxygen 
Amendment 

T-500 
Verify that the hand switch control setting is set to Off.  

27 Oxygen V-124 Verify that valve is fully open to allow for free flow to  



Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

Amendment oxygen generator. 

28 
Oxygen 
Amendment 

T-800 
Verify that the HOA control setting is set to Off.  

29 
Oxygen 
Amendment 

V-125 
Verify that valve is fully open to allow for free flow of 
oxygen to the pressure gauge and pressure switch. 

 

30 
Oxygen 
Amendment 

PSL-900 
Verify that acceptable low-pressure alarm initial set 
point has been established. 

 

31 
Oxygen 
Amendment 

V-126 
Verify that oxygen regulator is fully open (no flow of 
oxygen) and no reading is indicated on the pressure 
gauge. 

 

32 
Oxygen 
Amendment 

V-127 
Verify that valve is fully open to allow for free flow of 
oxygen to the pressure gauge. 

 

33 
Oxygen 
Amendment 

V-128 
Verify that valve is fully open to allow for free flow of 
oxygen. 

 

34 
Oxygen 
Amendment 

V-130 
Verify that valve is fully open to allow for free flow of 
oxygen. 

 

35 
Oxygen 
Amendment 

SV-900 
Verify that the HOA control setting is set to Off.  

36 T-400 Influent V-131 
Verify that pressure gauge valve is fully open to allow 
for free flow to pressure gauge. 

 

37 T-400 Influent V-132 
Verify that the HOA control setting is set to Off. 
Verify functionality of battery backup and that valve 
will power fail to the closed position. 

 

38 T-400 LSHH-400 

Verify that level switch is hanging free of obstruction. 
 
Verify that an acceptable high-high level alarm set 
point has been established. 

 

39 T-400 
T-400 Man 
Way 

Once configuration and functionality of T-400 internal 
components is completed, secure man way cover to 
limit the amount of oxygen off gassing to the 
atmosphere.  

 

40 T-400 
Solids Settling 
Tank Heat 
Trace 

Verify the operation of the solids settling tank heat 
trace (heat trace intensity will be adjusted dependent 
upon ambient temperature and maintaining a 
moderate water temperature within the tank). 

 

41 T-300 LSLL-300 

Verify that level switch is hanging free of obstruction. 
 
Verify that an acceptable low-level alarm set point has 
been established. 

 

42 T-300 LSHH-300 

Verify that level switch is hanging free of obstruction. 
 
Verify that an acceptable high level alarm set point 
has been established. 

 

43 T-300 LE/LIT-300 

Verify that level transmitter is hanging free of 
obstruction. 
 
Verify that acceptable low- and high-level alarm initial 
set points have been established, low- and high-level 
alarm initial set points coincide with the level switches 
in the tank, and the level set point to be maintained in 
the tank is programmed (functionality with VFD to 
maintain set level in T-300 will be fine-tuned, if 
needed, during initial system startup). 

 

44 T-300 AE/AIT-300 
Verify that dissolved oxygen (DO) probe is hanging 
free of obstruction and set away from other internal 
tank components. 

 



Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

 
Verify that DO meter has been calibrated and an 
acceptable low DO alarm initial set point has been 
established (actual DO concentration in T-300 will be 
evaluated during startup and actual concentrations will 
establish the low DO set point and validate the range 
of the existing DO meter). 

45 T-300 
T-300 Man 
Way 

Once configuration and functionality of T-300 internal 
components is completed, secure man way cover so 
any vapors that may accumulate in the tank during 
operation are vented to the atmosphere.  

 

46 
T-300 
Discharge 

V-134 
Verify that T-300 discharge valve is fully open for free 
flow. 

 

47 
T-300 
Discharge 

P-300 
Verify that the HOA control setting is set to Off 
(functionality with VFD to maintain set level in T-300 
will be established during initial system startup). 

 

48 
T-300 
Discharge 

V-135 
Verify that pressure switch valve is fully open to allow 
for free flow to pressure switch. 

 

49 
T-300 
Discharge 

PS-300 
Verify that acceptable high-pressure alarm initial set 
point has been established.  

 

50 
T-300 
Discharge 

V-137 

Verify that globe valve is fully open to allow for free 
flow (globe valve may need to be partially closed and 
used for throttling flow from P-300). 
 
Note: During initial system startup, the globe 
valves will be adjusted to balance flow from T-400 
and discharge from T-300. After initial system 
startup, do not change globe valve setting unless 
absolutely necessary. 

 

51 
T-300 
Discharge 

V-138 
Verify that sample tap valve is fully closed.  

52 
T-300 
Discharge 

V-139 
Verify that pressure gauge valve is fully open to allow 
for free flow to pressure gauge. 

 

53 
T-300 
Discharge 

FIT-700 
Verify that an acceptable low-flow alarm initial set 
point and system response delay have been 
established. 

 

54 
Discharge 
Manifold 

Ball Valves (9) 
Verify ball valves (9) just upstream of the flow meter in 
each leg of the discharge manifold are open for free 
flow. 

 

55 
Discharge 
Manifold 

V-710, 711, 
712, 713, 714, 

For the initial system startup, set only the discharge 
manifold globe valves for the infiltration trenches to ½ 
open to allow throttled flow to the infiltration trenches. 
Globe valves will be adjusted and set during initial 
system startup to balance the discharge flow of 
injection pump P-300 and the rate at which each 
infiltration trench is accepting water into the 
subsurface.  
 
Note: Do not change globe valve position if this 
procedure is being performed due to an extended 
system shutdown. In this case, leave the valves in 
their current positions, which was the last setting 
used prior to the extended shutdown because 
these settings are likely still applicable.  

 

56 
Discharge 
Manifold 

V-715, 716, 
718, 719 

For the initial system startup, set only the discharge 
manifold globe valves for the injection wells ¼ open to 
allow throttled flow to the injection wells. Globe valves 
will be adjusted and set during initial system startup to 

 



Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

balance the discharge flow of injection pump P-300 
and the rate at which each injection well is accepting 
water into the subsurface.  
 
Note: Do not change globe valve position if this 
procedure is being performed due to an extended 
system shutdown. In this case, leave the valves in 
their current positions, which was the last setting 
used prior to the extended shutdown because 
these settings are likely still applicable. 

57 
Discharge 
Manifold 

Pressure 
Gauge Valves 
(9) 

Verify pressure gauge valves (9) in each leg of the 
discharge manifold are open for free flow to the 
pressure gauge. 

 

58 

Trench 1 
Trench 2 
Trench 3 
Trench 4 
Trench 5 

Clean Out 
Isolation 
Valves 

Verify that valve allowing clean-out flow to the top of 
the man way is closed and that the valve allowing flow 
to the infiltration trench is fully open for free flow. 

 

59 

Trench 1 
Trench 2 
Trench 3 
Trench 4 
Trench 5 

LT-700,  LT-
701, LT-702,  
LT-703,  LT-
704 

Verify that level transmitter is hanging free of 
obstruction and within the man way stilling well. 
 
Verify that level transmitter high-high level alarm set 
point has been established and tested/calibrated with 
respect to depth to water or max allowable water 
elevation with respect to the man way bottom using 
atmospheric pressure transmitter PIT-800 (barometer) 
reading. 

 

60 
IW-1, IW-2, 
IW-3, IW-4 

Clean Out 
Isolation 
Valves 

Verify that valve allowing clean-out flow to the top of 
the man way is closed and that the valve allowing flow 
to the injection well is fully open for free flow. 

 

61 
IW-1, IW-2, 
IW-3, IW-4 

LT-705,  LT-
706, LT-707,  
LT-708 

Verify that level transmitter is hanging free of 
obstruction and within the injection well stilling well. 
 
Verify that level transmitter high-high level alarm set 
point has been established and tested/calibrated with 
respect to depth to water or max allowable water 
elevation using atmospheric pressure transmitter PIT-
800 (barometer) reading. 

 

62 
Equipment 
Enclosure 

PIT-800 
Verify that atmospheric pressure transmitter is 
functioning properly and is calibrated/tested per 
manufacturer specifications. 

 

63 
Equipment 
Enclosure 

TIT-800 

Verify that temperature transmitter is set up/tested/ 
calibrated in accordance with manufacturer 
specifications and is providing accurate temperature 
readings. 
 
Verify that an acceptable low-temperature alarm set 
point has been established (45 to 50 degrees 
Fahrenheit) and tested.  

 

64 
Equipment 
Enclosure 

LSHH-800 

Verify that level switch is hanging free of obstruction. 
 
Verify that level switch has been tested and is 
functioning normally. 

 

65 
Equipment 
Enclosure 

Oxygen 
Sensor 

Verify oxygen sensor is set up/tested/calibrated in 
accordance with manufacturer specifications and is 
providing accurate oxygen readings. 
 
Verify that an acceptable high oxygen concentration 

 



Step System ID Equipment ID Tasks to Perform 
Initial 
/Notes 

set point has been established and tested. 
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SOP 3: Initial System Startup 

This Standard Operating Procedure (SOP) presents the procedures that will be followed the first 

time the system is started: 

1. Verify that SOP 2: System Pre-Startup, has been completed prior to continuing with this 

procedure. 

2. Prior to initial system startup, verify that all instrumentation has been tested to be 

functioning properly and that set point activation has been confirmed to be functioning as 

programmed. 

3. Collect initial run time values from P-100, P-110, P-200, and P-300; totalized flow values 

from FE/FIT-100, FE/FIT-110, FE/FIT-201, FE/FIT-700 and FT-300 through FT-380; and 

dissolved oxygen reading from AE/AIT-300. 

4. Verify that main disconnect switches, exterior disconnect between the three-phase 

transformer and the electric meter, and disconnect for panel DP-1 are in the ON position 

and that all individual equipment circuit breakers are set to the connected position. 

5. Verify that the C-More displays are showing normally and all information on the display 

screens is within normal parameters. 

Note: Do not start any equipment from the C-More display screens until 
directed to do so later in this procedure and after an open pathway for flow 
is confirmed. 

6. Adjust injection well globe (throttling) valves (V-715, 716, 718, and 719) in the discharge 

manifold so they are ¼ open. After system is running in full auto, injection well throttling 

valve setting will be fine-tuned so appropriate flow is going to each injection well.  Design 

flow to each injection well is 5 gallons per minute (gpm). Balance will have to be met 

between optimal system flow rates and the volume of water the injection well in a particular 

area of the site will accept. 

Note: During initial startup, the system globe valves will be adjusted to 

balance optimal system flow.  For the use of this procedure for a system 
startup after a prolonged downtime, globe valve setting should not be 
changed unless absolutely necessary. 

7. Adjust infiltration trench globe (throttling) valves (V-710, 711, 712,713, and 714) in the 

discharge manifold so they are ½ open. After system is running in full auto, infiltration trench 

throttling valve setting will be fine-tuned so appropriate flow is going to each infiltration 

trench. Design flow to each infiltration trench is 10 gpm. Balance will have to be met 



 

c:\users\plane\desktop\tony\appendix c - sops\sops\sop 3 initial system startup_ebb.docx 

2Formal Tappan Terminal Site – Operation, Maintenance, and Monitoring Manual

Groundwater Remediation System

SOP 3: Initial System Startup

Rev. #:  00 | Rev Date:  11/01/2012

between optimal system flow rates and the volume of water the infiltration trench in a 

particular area of the site will accept. 

Note: During initial startup, the system globe valves to balance optimal 
system flow.  For the use of this procedure for a system startup after a 

prolonged downtime, globe valve setting should not be changed unless 
absolutely necessary. 

8. Set injection pump P-300 control setting to AUTO. If water is in tank T-300 above the low-

low level set point the pump will run; if the tank is dry or below the low-low level set point the 

pump will not operate. As programmed, the variable frequency drive (VFD) in conjunction 

with the level controller of T-300 will control the speed of P-300 to maintain a specified level 

set point in T-300. Therefore, when T-300 first starts to fill (if not already full of water), the 

speed of P-300 will be slow, and as the tank fills, the speed of P-300 will increase to match 

the volume of water entering T-300 until equilibrium is achieved at the desired level set 

point. 

9. Set motorized valve XCV-200 control setting to AUTO. Valve should be in the closed 

position and not open until P-200 is called to run. Programming includes a time delay 

between the opening of XCV-200 and the operation of P-200 (XCV-200 opens then P-200 

starts). 

10. Set solenoid valve SV-900 control setting to AUTO. Valve should be in the closed position 

and not open until P-200 is called to run. 

11. Set air compressor T-500 control setting to ON. Air compressor should start and 

accumulate pressure and shut off automatically when maximum capacity is reached. 

12. Set oxygen generator T-800 control setting to AUTO. Oxygen generator should start and 

pressure should accumulate in the oxygen receiving tank T-900. Oxygen generator should 

shut down automatically when maximum capacity is reached. 

13. Set pressure in the oxygen supply line from T-900 to SV-900 to 25 pounds per square inch 

using pressure regulator V-126. Once P-200 is called to operate, SV-900 will open allowing 

oxygen flow to the Venturi injector. At this time, the oxygen flow will be adjusted using V-126 

as described in Step 18. 

14. Set transfer pump P-200 control setting to AUTO. If water is in tank T-200 above the low-

low level set point the pump will run; if the tank is dry or below the low-low level set point the 

pump will not operate. As programmed, the VFD in conjunction with the level controller of T-

200 will control the speed of P-200 to maintain a specified level set point in T-200.  

Therefore, when T-200 first starts to fill (if not already full of water), the speed of P-200 will 
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be slow, and as the tank fills the speed of P-200 will increase to match the volume of water 

entering T-200 until equilibrium is achieved at the desired level set point. 

15. Set extraction well pump P-100 control setting to AUTO (start). The pump should turn on 

and start pumping groundwater to T-200. Verify that the pump is operating normally with 

respect to level control. 

Note: system downstream components, previously set in auto, shall be 

monitored and confirmation shall be made that the components are 
functioning as programmed. 

16. Using globe (throttling) valve V-108, adjust the flow from P-100 until approximately 35 gpm 

is registering at flow meter FE/FIT-100. 

17. Verify that no leaks are present in the system piping and components. 

18. Adjust oxygen flow to the Venturi injector to 0.6 cubic foot per minute (cfm) or 35 cubic feet 

per hour (cfh) using pressure regulator V-126 and monitoring flow meter FM-200. The 

system design criteria calls for a 1:1 ratio between gpm and cfh. 

19. Using the flow totalizer in each leg of the discharge manifold, determine the approximate 

volume of oxygenated groundwater being discharged to each injection well and infiltration 

trench with the pre-startup globe (throttling) valve settings (½ open for infiltration trenches 

and ¼ open for injection wells). With one extraction well in operation producing groundwater 

at 35 gpm, each injection well should be receiving approximately 2.5 gpm and each 

infiltration trench should be receiving approximately 5 gpm. Use the globe (throttling) valve 

in each leg of the discharge manifold to adjust flow as needed. High-level alarms in each 

discharge location will indicate any excessive mounding.  

20. Allow the system to operate for approximately 1 hour with one extraction well pump in 

operation and continue to monitor system performance. 

21. Set extraction well pump P-110 control setting to AUTO (start). The pump should turn on 

and start pumping groundwater to T-200. Verify that the pump is operating normally with 

respect to level control. 

Note: system downstream components, previously set in auto, shall be 
monitored, and confirmation shall be made that the components are 

functioning as programmed. 

22. Using globe (throttling) valve V-101, adjust the flow from P-110 until approximately 35 gpm 

is registering at flow meter FE/FIT-110. 
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23. Verify that no leaks are present in the system piping and components. 

24. Adjust oxygen flow to the Venturi injector to 1.2 cfm or 70 cfh using pressure regulator V-

126 and monitoring flow meter FM-200. The system design criteria calls for a 1:1 ratio 

between gpm and cfh. 

25. Using the flow totalizer in each leg of the discharge manifold, determine the approximate 

volume of oxygenated groundwater being discharged to each injection well and infiltration 

trench. With both extraction wells in operation producing groundwater at 70 gpm, each 

injection well should be receiving approximately 5 gpm and each infiltration trench should 

be receiving approximately 10 gpm. Use the globe (throttling) valve in each leg of the 

discharge manifold to adjust flow as needed. High-level alarms in each discharge location 

will indicate any excessive mounding and if the subsurface of certain areas are more 

conducive to accepting larger volumes of oxygenated groundwater than others.   

26. The process of fine-tuning the volume that will be delivered to each discharge location will 

involve a series of adjustments and if needed the flow from the extraction wells can be 

throttled down to some extent; however, the goal of the system is to deliver as much 

oxygenated groundwater to the source areas as possible. 

27. Allow the system to operate for approximately 1 hour with both extraction well pumps in 

operation and continue to monitor system performance. 
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SOP 4: Routine System Startup 

This Standard Operating Procedure (SOP) presents the procedures for routine system startup 

(routine startups after temporary system shutdowns). Routine system startup procedures 

assume that pre-startup and initial system startup requirements have been completed or are still 

in place.  

1. Collect initial run time values from P-100, P-110, P-200, and P-300; totalized flow values 

from FE/FIT-100, FE/FIT-110, FE/FIT-201, FE/FIT-700, and FT-300 through FT-380; and 

dissolved oxygen reading from AE/AIT-300. 

2. Verify that main disconnect switches, exterior disconnect between the three-phase 

transformer and the electric meter, and disconnect for panel DP-1 are in the ON position 

and that all individual equipment circuit breakers are set to the connected position. 

3. Verify that the C-More displays are showing normally and all information on the display 

screens is within normal parameters. 

4. Confirm injection pump P-300 control setting is set to AUTO. 

5. Confirm motorized valve XCV-200 control setting is set to AUTO. 

6. Confirm solenoid valve SV-900 control setting is set to AUTO. 

7. Confirm air compressor T-500 control setting is set to ON. 

8. Confirm oxygen generator T-800 control setting is set to AUTO. 

9. Confirm transfer pump P-200 control setting is set to AUTO. 

10. Set extraction well pump P-100 control setting to AUTO (start). The pump should turn on 

and start pumping groundwater to T-200. Verify that the pump is operating normally with 

respect to level control. Set extraction well pump P-110 control setting to AUTO (start). The 

pump should turn on and start pumping groundwater to T-200. Verify that the pump is 

operating normally with respect to level control. 

Note:  system downstream components, previously set in auto, shall be 
monitored and confirmation shall be made that the components are 

functioning as programmed. 

11. Confirm normal flow from P-100 at flow meter FE/FIT-100. Use globe (throttling) valve V-

108 to adjust flow (if needed). Confirm normal flow from P-110 at flow meter FE/FIT-110. 

Use globe (throttling) valve V-101 to adjust flow (if needed). 
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12. Verify that no leaks are present in the system piping and components. 

13. Confirm normal oxygen flow to the Venturi injector at flow meter FM-200. The system 

design criteria calls for a 1:1 ratio between gpm and cfh.   

14. Allow the system to operate for approximately 1 hour and monitor system performance. 
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SOP 5: System Shutdown 

Note: At any time, the system can be completely shut down by pressing an 
emergency shutdown/kill switch. 

This Standard Operating Procedure (SOP) presents the procedures for normal/routine shutdown 

of the system: 

1. Set extraction well pump P-100 control setting to OFF (stop). The pump should shut down 

and stop pumping groundwater to T-200. Set extraction well pump P-110 control setting to 

OFF (stop). The pump should shut down and stop pumping groundwater to T-200.  

2. Confirm transfer pump P-200 ramps down and completely shuts down upon reaching the 

low-level set point in T-200. 

3. After pump P-200 shutdown, confirm solenoid valve SV-900 closes, stopping the flow of 

oxygen to the Venturi injector, and motorized valve XCV-200 closes to prevent any potential 

backflow from solids settling tank T-400. 

4. Confirm injection pump P-300 ramps down and completely shuts down upon reaching the 

low-level set point in T-300.  

5. Confirm air compressor T-500 automatic shutdown upon reaching maximum pressure 

storage capacity. 

6. Confirm oxygen generator T-800 automatic shutdown upon reaching maximum pressure 

storage capacity. 
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EXECUTIVE SUMMARY 

This Health and Safety Standard (HSS) sets forth minimum requirements for ARCADIS personnel 
to conduct work that involves stored energy sources, and to prevent employees from injuries by 
controlling the associated hazardous energy and unexpected start-up of equipment by means of 
Lockout/Tagout procedures.  

This Standard applies: 

• To hazardous energy including but not limited to kinetic, electrical, chemical, thermal, 
hydraulic, gravitational, and pneumatic.  

• When servicing or performing maintenance on equipment  

• When required to remove or bypass a guard or other safety device,  

• When required to place any part of their body in an area where a danger zone exists during a 
machine or equipment operating cycle. 

Through this standard, ARCADIS requires:  

• Development of a LOTO plan prior to initiating the energy isolation process 

• Use of a lockout device and an attached tag on all isolating devices capable of being locked 
out or accepting lockout devices.  

• At a minimum, the use of a tagout system designed to provide full employee protection 
against equipment start-up, if an energy isolating device is not capable of being locked out. 

• Only authorized and qualified personnel to initiate Lockout/tagout isolation procedures. 

• Notification of all affected personnel prior to equipment deactivation and isolation, and also 
prior to equipment reactivation after isolation measures have been removed. 

• Those authorized to perform energy isolation to have their own locking device 

• Awareness level training of all affected employees who work in areas or with equipment 
where Lockout/Tagout will be performed, in order to recognize the hazards of energized and 
locked or tagged out equipment, and to understand the basic requirements of 
Lockout/Tagout. 
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1. POLICY  

It is ARCADIS policy to be proactive in the identification, assessment and control of health and 
safety hazards and associated risks.  To those means, any equipment that utilizes or stores 
hazardous energy will be controlled following this standard at any time ARCADIS staff or its 
subcontractors must perform maintenance on this equipment.  Whenever possible, ARCADIS will 
de-energize equipment before performing maintenance, troubleshooting, or other activities where 
hazardous energy is present.  When controlling hazardous energy, this standard, at a minimum 
will be strictly followed. 

ARCADIS will provide, as necessary to execute project work, necessary equipment to unexpected 
energization of equipment.  This equipment includes but is not limited to locks, tags, chains, 
wedges, key blocks, plug lockouts, adapter pins, self locking fasteners or other hardware for 
isolating, securing or blocking of machines or equipment to prevent incidents involving hazardous 
energy. 

2. PURPOSE AND SCOPE 

2.1 Purpose 

This Health & Safety standard (HSS) details the administration and necessary provisions 
for protecting employees from injuries associated with hazardous energy release, and 
unexpected start-up of equipment.  

2.2 Scope 

This standard applies to all employees of ARCADIS US.  and on all projects where 
equipment that utilizes hazardous energy is present and maintained by ARCADIS staff. 
ARCADIS US subcontractors must have LOTO programs that meet the minimum 
requirements of this standard.   

Only trained and authorized personnel are permitted to utilize procedures outlined here 
for locking or tagging out equipment to ensure it does not unexpectedly energize and/or 
start while a person is performing maintenance or service activities.  The standard 
applies specifically to employees that operate, service or maintain equipment requiring 
the removal or by-passing of a machine guard or protective enclosure.  In addition, it 
applies to personnel who must place any part of their body in a place where the 
accidental energization of equipment, release of stored energy, or release of stored 
hazardous materials may cause injury. 

ARCADIS US staff who design and develop equipment and processes that require 
energization, must do so to allow for LOTO and include information as to how to LOTO 
such equipment or processes. 

If any device must be worked on in an electrically energized capacity, the work will be 
done following the ARCADIS Electrical Safety Standard (ARC HSFS006).  If other 
energized equipment must be worked on in an energized state, contact Corporate H&S 
or the client H&S resource for guidance. 
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3. DEFINITIONS 

Affected Employee operates or uses equipment that is subject to lockout/tagout procedures or 
works around or in the vicinity of equipment subject to lockout/tagout processes.  

Authorized Employee performs lockout/tagout procedures.  

Energy Isolation Device is a mechanical device that physically prevents the transmission or 
release of energy. It does not include control circuit type devices, but rather physical devices that 
control circuit operation designed to accept a lockout device.  They are installed when replacement 
or major repair, renovation, or modification of a machine or equipment is performed, and when new 
machines or equipment are installed.  

Hazardous Energy covered by this standard includes, but is not limited to: 

• Electrical 

• Mechanical 

• Hydraulic 

• Pneumatic 

• Chemical 

• Thermal 

• Gravitational (stored) 

• Pressure (stored) 

• Hazardous materials 

Lockout Device is a device that utilizes a positive means, such as a lock, chain, block, etc. to 
hold an energy-isolating device in a safe position ensuring that the energy isolating device and 
equipment cannot be operated. 

Tagout Device is a prominent warning device, such as a tag, to indicate that the isolating energy 
device and equipment may not be operated. 

4. RESPONSIBILITIES 

4.1 Corporate H&S with Division and Practice Experts  

On an annual basis, review and update, as necessary, this standard.  In addition, review 
LOTO standards in the field periodically to ensure conformance to this standard.  Provide 
the initial LOTO training and retraining, or recommend qualified training provider, to staff 
based on needs.  Provide technical assistance regarding LOTO processes. Assess project-
specific LOTO programs for compliance with this HSP.     
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4.2 Principal in Charge (PIC), Project Manager (PM), and Task Manager (TM)  

Are responsible to: 

• Verify that all LOTO protocols are properly identified and addressed within the project 
work plan, project health & safety plan, and/or other project-related documents.   

• Verify that their project team employees have received the proper LOTO training 
provided by Corporate Health & Safety or qualified training source prior to conducting 
LOTO activities.  

• Verify that the proper LOTO equipment, including PPE, electrical testing equipment 
and safety equipment, is available for use by their project employees.  

4.3 Health and Safety Plan Writers and Reviewers  

Utilize this standard as guidance to ensure the appropriate identification, assessment and 
control of equipment with hazardous energy for documentation in project HASPs 

4.4 Authorized Employee 

Authorized employees must have training and instruction in their duties and responsibilities 
regarding LOTO. 

• Recognize the hazards which may be faced during LOTO activities 

• Develop an  equipment specific LOTO procedure for the specific LOTO work to be 
done 

• Follow the requirements of this Standard, the project HASP, JLAs and any other 
specific LOTO procedures applicable to the work being done 

• Use the appropriate and applicable PPE and testing equipment that has been 
provided. 

4.5 Affected Employees 

• Understand the hazards of energized and de-energized equipment 

• Follow the instructions provided by supervisors and authorized employees who are 
conducting LOTO work 

• Do not tamper with or remove LOTO devices. 

4.6 All ARCADIS Employees  

Use the TRACK process regularly and frequently.  In addition, read and understand all 
hazard identification and risk assessments conducted using the HARC process as 



 

 

ARCADIS HS Standard Name 
Control of Hazardous Energy (Lockout/Tagout) 

Revision Number 
04 

Implementation Date 
1 October 2008 

ARCADIS HS Standard No. 
ARC HSFS004 

Revision Date 
28 February 2011 

Authors 
Brent Oakeson/Mike Thomas 

Page 5 of 12 Approver 
Sam Moyers 

 
documented in HASPs, JLAs, and other written plans that are associated with their work.  
ARCADIS employees will: 

• Participate in entry operations only if trained and authorized to do so 

• Never tamper with equipment that is under LOTO control 

• Never attempt to work on energized or de-energized equipment without appropriate 
training and authorization 

5. PROCEDURE 

LOTO procedures are used to control energy hazards associated with service and maintenance 
of equipment which utilizes hazardous energy to operate. This Standard applies to all types of 
energy including kinetic, potential, electrical, chemical, thermal, hydraulic, gravitational, and 
pneumatic. The Standard applies when servicing or performing maintenance on equipment and 
during normal production operations if personnel are: 

• Required to remove or bypass a guard or other safety device, or  

• Required to place any part of their body in an area where a danger zone exists during a 
machine or equipment operating cycle. 

5.1 General Requirements 

An Energy Control Program is developed to ensure that before service or maintenance of 
equipment is performed, the equipment is isolated from its energy source and made 
inoperable so that unexpected energizing, startup or release of stored energy during 
equipment service and maintenance is prevented.  This program can be developed as 
part of the project HASP, a JLA, or specific LOTO procedure to include the requirements 
of this Standard and our clients. 

5.2 Equipment List 

• Hardware 

ARCADIS will provide, as necessary to execute project work, locks, tags, chains, wedges, 
key blocks, plug lockouts, adapter pins, self locking fasteners or other hardware for 
isolating, securing or blocking of machines or equipment to control energy sources. 

• Lockout/Tagout Devices 

Lockout devices and tags are color coded and issued by ARCADIS, and are the only 
device(s) used for controlling energy. LOTO Locks and tags must not be used for other 
purposes. All locks and tags provided by ARCADIS are capable of withstanding the 
environment to which they are exposed for the maximum period of time that exposure is 
expected. Locks and tags are of substantial construction in order to prevent inadvertent or 
accidental removal. All tags are required to be marked to identify the employee applying the 
lock(s)/tag(s). 
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• Lockout/Tagout Tags 

Only standard “Danger – Do Not Operate” (black, red and white) tags will be used. Tags 
are constructed so that exposure to weather conditions or wet and damp locations will not 
cause the tag to deteriorate or the message on the tag to become illegible. Tags will warn 
against hazardous conditions if the machine or equipment is energized, and will include a 
legend such as the following: “Do Not Start,” “Do Not Open,” “Do Not Close,” “Do Not 
Energize,” or “Do Not Operate,” depending on application. Used tags are to be destroyed 
and the tags will not be re-used unless designated for re-use. 

• Energy Isolating Devices 

When replacement or major repair, renovation, or modification of a machine or equipment 
is performed, and when new machines or equipment are installed, energy-isolating devices 
designed to accept a lockout device for such machines or equipment will be installed. If 
equipment for de-energizing is in a confined space, the confined space will be cleared of all 
employees prior to testing the energy source for de-activation. 

5.3 Safety Procedures for Lockout/Tagout and Isolation 

ARCADIS requires the use of a lockout device and an attached tag on all isolating devices 
capable of being locked out or accepting lockout devices. If an energy isolating device is 
not capable of being locked out, ARCADIS requires the use of a tagout system designed to 
provide full employee protection against equipment start-up. When a tagout device is used 
on an energy-isolating device, the tag shall be attached at the same location that the 
lockout device would have been attached. Additional precautions will be implemented to 
provide a level of safety equivalent to that obtained by using a lockout device. Additional 
safety measures may include such steps as the removal of an isolating circuit element, 
blocking of a controlling switch, opening of an extra disconnecting device, or removal of a 
valve handle to reduce the likelihood of inadvertent energization. 

Lockout/tagout isolation procedures will be initiated only by authorized personnel. 
Personnel not trained in lockout/tagout procedures are not authorized to install, inspect, 
repair, adjust, remove, maintain or service equipment where the potential for injury due to 
accidental start-up, energization, or release of stored energy exists. 

All affected personnel must be notified prior to equipment deactivation and isolation and 
must be notified prior to equipment reactivation after isolation measures have been 
removed. Personnel involved with lockout/tagout isolation of equipment shall receive 
information concerning the specific type and magnitude of energy or hazardous material 
involved, the hazards involved, and the method of control to be utilized. 

Authorized personnel shall de-energize equipment by following a procedure developed 
specifically for the equipment involved and consistent with this Standard and OSHA 29 
CFR 1910.147 or other applicable laws and client requirements. 

Prior to performing any work on equipment, all isolation devices shall be in place. Locks 
and tags shall be affixed to each energy-isolating device by authorized personnel. These 
must secure the isolated equipment in the “off” position. Each person involved with 



 

 

ARCADIS HS Standard Name 
Control of Hazardous Energy (Lockout/Tagout) 

Revision Number 
04 

Implementation Date 
1 October 2008 

ARCADIS HS Standard No. 
ARC HSFS004 

Revision Date 
28 February 2011 

Authors 
Brent Oakeson/Mike Thomas 

Page 7 of 12 Approver 
Sam Moyers 

 
servicing the isolated equipment shall attach a lock to the isolating device. In situations 
involving two or more persons, multiple lock hasps shall be utilized. Tags shall be 
attached with all locks and must identify the authorized individual responsible for 
each lock, must be signed, dated and must have the name of the contractor with 
which the employee is employed. 

All potentially stored or residual energy must be released, relieved or disconnected. If there 
is a potential of accumulation, verification of isolation shall be conducted and documented 
throughout the project (see the next section). 

Prior to work, authorized personnel shall verify and document that the equipment has been 
disengaged, de-energized, and isolated. Release of lockout/tagout isolation includes (see 
Template for Equipment Specific LOTO Procedure in Exhibit 1) : 

• The work area and equipment shall be inspected to ensure that non-essential items 
(i.e., tools) are not left in the work area and that the equipment is intact 

• The work area shall be checked to ensure that all personnel are clear. Before 
lockout/tagout devices are removed, affected personnel shall be notified 

• Removal of lockout/tagout devices shall be performed by the authorized personnel 
who attached the devices 

If a machine must be re-energized after initial isolation (i.e., for testing or repositioning), 
then lockout/tagout procedures must be followed as outlined to re-isolate the equipment. 

During shift or personnel changes, transfer of control will occur between authorized 
personnel only. If an authorized person must leave the site, then he/she must remove 
his/her locks and tags. The new authorized person will then immediately place his/her locks 
and tags on the equipment and complete the entire lockout/tagout procedure as outlined 
above. 

Use of tagout procedures without the use of locks can only be utilized if the equipment to 
be de-energized will not accept a lock and the following conditions are met: 

• Tagout procedures will provide protection to personnel equivalent to the use of locks 

• Additional measures, sufficient to ensure protection of employees, are taken to 
prevent accidental start-up or energization 

• If equipment for de-energizing is in a confined space, the confined space will be 
cleared of all employees prior to testing the energy source for deactivation 

5.4 General Lockout Tagout 

Specific LOTO procedures will be developed for each piece of energized equipment 
requiring maintenance or service.  These specific procedures can be developed   on the 
form found in Exhibit 1 of this Standard.  If a client has specific written lockout/tagout 
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procedures for its facility equipment with which employees of ARCADIS are working, the 
procedure will be reviewed and utilized or revised by ARCADIS, as appropriate. 

The following information provides general LOTO procedures to be used for the 
development of equipment specific procedures.   

5.4.1 Lockout/Tagout Sequence 

• The authorized employee(s) shall notify all affected employees prior to the shutdown 
and isolation of the equipment/machine. Affected employees should be informed of the 
reason for shutdown and approximate length of time required for servicing or 
maintenance. 

• The authorized employee(s) shall review the type(s) and magnitude(s) of energy 
present and the hazards present. 

• If the machine/equipment is operating, the authorized employee(s) shall have the 
machine/ equipment operator explain the standard shutdown procedure and then shut 
it down according to the procedure. 

• The energy isolating devices shall be deactivated so the machine/equipment is isolated 
from the energy source(s). 

• Each isolating device shall be locked out and tagged out. If lockout is not feasible, only 
tagout of the isolating device will be conducted, and additional precautions will be 
required to provide employee protection equivalent to the protection provided when 
lockout procedures are utilized. Each authorized person conducting activities on the 
equipment/machine shall attach a(n) [individually assigned] safety lock to each isolating 
device. A standard tag shall also be attached to each individual's lock that identifies, by 
name, the authorized employee responsible for each lock.  Stored or residual energy 
must be released or dissipated from each system to reach a zero energy state. Visual 
inspection shall be made to confirm that all moving parts have stopped. Any stored or 
residual energy shall be drained, blocked, repositioned, restrained, or bled. Electrical 
circuits shall be grounded to discharge electricity stored in capacitors. 

• To ensure that the equipment is completely isolated from the energy source(s), it is 
necessary to test the equipment to make certain that it will not operate. The following 
methods shall be used to test the equipment. 

• Check the area and equipment to assure that no personnel are exposed to the start-
up of equipment 

• Activate all start-up devices and operating controls 

• Use tic-tracers or voltage indicators to test electrical circuits 

• Return all operating control(s) to the neutral or off position after verifying the isolation 
of the equipment 
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5.4.2 Release of Lockout/Tagout and Return of Equipment to Service 

When the equipment/machine is ready to be returned to service at the conclusion of work 
activities, the following steps shall be taken to safely return equipment to service: 

• Check the machine/equipment and immediate area to ensure that non-essential 
items and tools have been removed 

• Check to ensure that all guards and covers have been replaced 

• Check to ensure that all employees are safely positioned or have left the area 

• Check to ensure that all operating controls are in the neutral or off position 

• All authorized employees shall personally remove their individual locks and tags from 
the isolation devices and destroy used danger tags unless tags are designed for 
reuse 

• All affected employees must be notified that the work activities are completed and the 
equipment/machine is ready for use 

If work activities are not completed prior to a shift ending (or other personnel change), then 
the procedures in “Transfer of Lockout/Tagout During Shift and Personnel Changes” 
(below) must be followed. 

5.4.3 Transfer of Lockout/Tagout During Shift and Personnel Changes 

The supervisor shall designate an authorized employee who shall control the lockout/tagout 
devices at the end of a shift and shall be responsible for transferring lockout/tagout 
authority to the next shift. 

The designated authorized employee shall not remove his/her lock from any of the isolation 
devices until at least one of the arriving authorized employees has locked out and tagged 
out all of the isolation devices. 

If the arriving authorized employees assuming responsibility for lockout/tagout do not attach 
locks prior to the previous shift employees removing all of their locks, then the employees 
assuming lockout/tagout authority shall repeat the entire lockout/tagout sequence. 

5.5 Group Lockout/Tagout 

Authorized employees shall obtain specific site lockout instructions from the project 
manager or designee and coordinate extended lockout requirements with the project 
manager or designee. When more than two employees are involved in work activities on 
the machine or equipment covered by this Standard, each authorized employee will attach 
a lock to a multi-lock hasp on each isolation device. 
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When group lockout/tagout is utilized, the last authorized employee with a lock attached to 
isolation devices will be responsible for removing the isolation devices and restoring 
equipment to use conditions according to the equipment-specific or general HSP. 

When more than one crew, trade, or contractor, etc, is used on a project that requires 
equipment lockout/tagout, one specific employee shall be designated to coordinate affected 
work forces and to ensure continuity of protection. 

5.6 Employee Unavailable to Unlock 

If the employee who installed a locking device is not available, the following procedure shall 
be used to unlock the device(s). 

• The individual requesting device removal will attempt to contact the authorized 
employee via cell phone, hotel phone or home phone and request the employee return 
to remove the device. If the authorized employee is contacted but can not come in, the 
status of the locked equipment will be documented and the requesting entity notified of 
the equipment status. All of the above to include unanswered attempts at contact will 
be documented. If contact is not made, a message will be left to indicate that the 
locking device will be removed. Upon removal a red warning tag will be left where the 
device was placed indicating to the authorized employee that the device was removed 
and the equipment is now energized. 

• The Project Manager or designee will verify that the authorized employee is not at the 
facility and is not potentially in harms way relative to the affected equipment. 

• The Project Manager or designee will notify the corporate Health and Safety or the 
client H&S resource of the reason for device removal and the status of the affected 
employee. 

• The device shall be removed after verifying that no employees are in harms way. 

• The entire sequence of events will be documented in the form of a memorandum 
addressed to the Division Director of H&S. 

5.7 Additional Precautions 

• All energy sources must be isolated and locked out. Be aware that there can be more 
than one energy source. 

• Additional safety precautions must be taken in situations where only a tag can be 
used. 

• Stored energy must be released or isolated after applying lockout/tagout devices. 

• Make sure that all tools and equipment are removed from the work area prior to 
removing lockout/tagout devices and restoring energy. 
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6. TRAINING 

All affected employees who work in areas or with equipment where or on which LOTO will be 
performed will be trained in awareness level training as provided by ARCADIS in order to recognize 
the hazards of energized and locked or tagged out equipment and to understand the basic 
requirements of LOTO.  Training provided to Authorized Employees will be provided with hands-on, 
classroom type training or equivalent as approved by the Corporate H&S Training Department.   

Retraining is required when there is a change in job assignments, machines, or the energy control 
procedures, or a new hazard is introduced. 

Documentation of training certification received by attendance at any training course including 
externally provided training courses will be kept by the employee with copies provided to the 
Training Department. 

7. REFERENCES 

• ARCADIS Health and Safety Standard ARC HSFS010– Health and Safety Planning 

• ARCADIS Health and Safety Standard ARC HSFS003 – Confined Space Entry 

• ARCADIS Health and Safety Standard ARC HSFS006 – Electrical Safety 

• OSHA  29 CFR 1910.147, The Control of Hazardous Energy 

8. RECORDS 

• Training records will be kept by the individual employee with copies of such certificates kept 
by the ARCADIS Training Team.  

• Specific LOTO procedures and JLAs will be kept with project files or in the 4 Sight database. 

• Copies of all HASPs that document LOTO procedures will be kept in the project files. 

• Lockout/Tagout Inspection Checklists will be kept in the project files. 

9. APPROVALS AND HISTORY OF CHANGE 

Approved By: 
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History of Change 

Revision Date Revision Number Reason for Change 

1 October 2008 01 Original document 

26 February 
2009 

02 Corrected title and document number in the 
Exhibit 

6 October 2010 03 Addition to section 6.0 

28 February 
2011 

04 Reviewed and Updated to new Standards 
Format. Added Executive Summary 

Section.   
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Exhibit 1 – Template for Equipment Specific LOTO Procedure 

LOCKOUT/TAGOUT PROCEDURE   

ARCADIS Office:        

Written By (Name/Job Title):         Date Written:   

Revised By (Name/Job Title):          Date Revised:    

INTRODUCTION 

This procedure is specific to machines/equipment with an energy source and covers the safety 
rules and procedures to follow while installing, servicing or performing maintenance on any 
equipment or machines in which unexpected energization or start up, or release of stored energy 
could cause injury to employees. This procedure includes the following machine(s)/equipment(s): 

•     [machine/equipment name or description] 

•     [machine/equipment name or description] 

•     [machine/equipment name or description]  

The circuits that energize the equipment or machines will be locked with a personally assigned 
lock and a disposable tag per the ARCADIS Control of Hazardous Energy (Lockout/Tagout) 
Standard-ARC HSFS004. 

PURPOSE 

This procedure establishes the minimum requirements for the lockout of energy isolating devices 
whenever maintenance or servicing is performed on machines or equipment. It shall insure that 
the machine or equipment is stopped, isolated from all potentially hazardous energy sources and 
locked out before any servicing or maintenance where the unexpected energization or start-up of 
the machine or equipment or releases of stored energy could cause injury. 

COMPLIANCE 

All employees are required to comply with the limitations and restrictions imposed on them during 
the use of this lockout/tagout procedure. The authorized employees are required to perform the 
lockout/tagout in accordance with this standard. All employees, upon observing a machine or 
piece of equipment which is locked/tagged out to perform servicing or maintenance shall not 
attempt to use that machine or equipment. This standard is written in accordance with the 
Occupational Safety and Health Administration (OSHA) Standard 1910.147. 

Any person who willfully violates this standard is subject to disciplinary action including 
termination. 

SEQUENCE OF LOCKOUT/TAGOUT 

Prior to removing a machine/equipment from service for servicing or maintenance the following 
steps shall be taken. 
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1. Notify all affected employees that servicing or maintenance is required on a machine or 
piece of equipment and that the machine or equipment must be shut down and 
locked/tagged out to perform the servicing or maintenance. 

2. The authorized employees (e.g.__________________) shall refer to the manufacturer's 
manual to identify the type and magnitude of the energy source that the machine or 
equipment utilizes, shall understand the hazards of the energy source, and shall know how 
to control the energy. 

3. If the machine or equipment is operating, shut it down through the normal procedures as 
specified in the manufacturer's manual. 

4. Deactivate the electrical energy isolating device so that the machine or equipment is isolated 
from the energy source. Most equipment and machines that require this procedure have a 
separate circuit box that can be locked/tagged out for that specific piece of equipment or 
machine. 

5. Lock/tag out the energy isolating device with an assigned individual lock and disposable red 
tag. The (e.g.__________________) will place the first lock followed by the mechanical 
assembly supervisor or designee. 

6. Any stored or residual electrical energy must be dissipated or restrained by the 
(e.g.__________________) first and then the (e.g.__________________). 

7. Ensure that the equipment is disconnected from its energy source.  Make sure no personnel 
are or will be exposed; then verify the isolation of the equipment by attempting to operate 
through the normal controls.  CAUTION: The operating controls must be returned to the 
neutral or "off' position after verification of isolation. 

8. The machine/equipment is now locked/tagged out and servicing or maintenance can 
proceed. 

RESTORING EQUIPMENT TO SERVICE 

1. After servicing or maintenance is completed and the machine/equipment is ready to be 
returned to normal operation, the following steps shall be taken. 

2. Check the machine/equipment and the area immediately around the machine/equipment 
to ensure that non-essential items have been removed and the machine/equipment and/or 
components are operationally intact. 

3. Check the area to ensure that all non-essential personnel are in a safe place or are well 
clear of the area. 

4. Verify that all operating controls are in the "off" position or are in neutral. 

5. Remove the lock/tag out devices. The (e.g.__________________) will remove his lock first 
followed by the (e.g.__________________). 

6. Notify affected employees that the servicing or maintenance has been completed and that 
the machine/equipment is ready for use. 

7. Re-energize the machine/equipment. 
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Lockout / Tagout Equipment-Specific 

Energy Control Procedure 

 

 

 

 

 

Equipment Identification: 

_______________________________________________________________________________________________ 

_______________________________________________________________________________________________ 

 

Hazardous Energy Source Isolation Device 
Verifying Lockout 

Means of Verification of 
Lockout 

Type and 

Magnitude 
Function Type Location I.D. No. 

 

Electrical  

(i.e., 120, 220, 480)  

     

 

Pneumatic 
     

 

Hydraulic 
     

 

Mechanical 
     

 

Potential Energy 
     

 

BELIEVE  
IT! 

 

CHECK 
IT! 

 

PREP 

  

USE 

 IT! 

 

VERIFY 

  

RELEASE 
IT! 

 

LOCK 

IT! 
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(springs, tension, etc.) 

 

Gravity 
     

 

Chemical 
     

 

Other 
     

 

Other 
     

Area: 

 

Date of Last Review: 

 

Authorized by: 
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SOP 7: Alarm Testing 

This Standard Operating Procedure (SOP) presents the procedures for testing the system 

alarms. System alarms will be tested annually. The Annual Alarm Testing Log is provided in 

Appendix E of the Operation, Maintenance, and Monitoring Manual. Prior to adjusting or 

modifying system set points at the PLC or the instrumentation, record the normal operating set 

points so that once the testing is complete the normal set points can be restored.    

LALL-100 and LALL-110, low-low level in EW-1 and EW-2, respectively: 

Test the low-low level alarms for the system extraction wells by adjusting the low-low level set 

point at the PLC to a depth above the existing water level in the well. This should prompt the 

extraction well pump to shut down and an alarm should be indicated by the PLC. Once proper 

functionality is confirmed, restore the normal operating low-low level set point for the 

extraction well level transmitter; the pump should return to normal operation. 

 

FAL-100 and FAL-110, low flow from EW-1 and EW-2, respectively: 

Test the low-flow alarms for the system extraction wells by adjusting the low-flow set point at 

the PLC to a flow 5 to 10 gallons per minute (gpm) above the normal/current flow coming from 

each extraction well. After a 20- to 30-second delay, this should prompt the extraction well 

pump to shut down and an alarm should be indicated by the PLC. Once proper functionality is 

confirmed, restore the normal operating low-flow set point for the extraction well flow meter; 

the pump should return to normal operation. 

 

LALL-200, low-low level in Tank T-200: 

Low-low level alarm testing for the system equalization tank includes a test of both the level 

transmitter set point and the mechanical level float switch. Test the level transmitter low-low 

level alarm by adjusting the low-low level set point at the PLC to a depth above the existing 

water level in the tank. This should prompt transfer pump P-200 to shut down, solenoid valve 

SV-900 to close, motorized valve XCV-200 to close, and an alarm should be indicated by the 

PLC. Once proper functionality is confirmed, restore the normal operating low-low level set 

point for the equalization tank level transmitter; the system should return to normal operation. 

Test the mechanical level float switch low-low level alarm by pulling the float out of the water 

and allowing it to hang straight downward. This should prompt transfer pump P-200 to shut 

down, solenoid valve SV-900 to close, motorized valve XCV-200 to close, and an alarm 

should be indicated by the PLC. Once proper functionality is confirmed, return the mechanical 

level float switch to its normal position within the equalization tank; the system should return to 

normal operation. 
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LAHH-200, high-high Level in Tank T-200: 

High-high level alarm testing for the system equalization tank includes a test of both the level 

transmitter set point and the mechanical level float switch. Test the level transmitter high-high 

level alarm by adjusting the high-high level set point at the PLC to a depth below the existing 

water level in the tank. This should prompt both extraction well pumps to shut down and an 

alarm should be indicated by the PLC. Once proper functionality is confirmed, restore the 

normal operating high-high level set point for the equalization tank level transmitter; the 

system should return to normal operation. 

Test the mechanical level float switch high-high level alarm by physically tipping the float from 

its normal vertical position to upside down. This should prompt both extraction well pumps to 

shut down and an alarm should be indicated by the PLC. Once proper functionality is 

confirmed, return the mechanical level float switch to its normal position within the equalization 

tank; the system should return to normal operation. 

 

PAH-200, high pressure in the discharge piping of transfer pump P-200: 

Test high-pressure alarms for the system by adjusting the high-pressure set point at the 

pressure transmitter to a pressure 5 to 10 pounds per square inch (psi) below normal 

operating pressure of the piping in which it is installed. This should prompt transfer pump P-

200 and both extraction well pumps to shut down, solenoid valve SV-900 to close, motorized 

valve XCV-200 to close, and an alarm should be indicated by the PLC. Once proper 

functionality is confirmed, restore the normal operating high-pressure set point for the 

pressure transmitter; the system should return to normal operation. 

 

FAL-201, low flow from transfer pump P-200: 

Test the low-flow alarm for the system transfer pump by adjusting the low-flow set point at the 

PLC to a flow 5 to 10 gpm above the normal/current flow coming from the transfer pump.  

After a 20- to 30-second delay, this should prompt transfer pump P-200 and both extraction 

well pumps to shut down, solenoid valve SV-900 to close, motorized valve XCV-200 to close, 

and an alarm should be indicated by the PLC. Once proper functionality is confirmed, restore 

the normal operating low-flow set point for the transfer pump flow meter; the system should 

return to normal operation. 

 

YA-P-200, auxiliary contact failure/variable frequency drive (VFD) fault for transfer pump P-

200: 

Test auxiliary contact failure/VFD fault for transfer pump P-200 by pulling the fuse in the panel 

that provides the signal to the PLC that the pump is being called to run and is running. With 

the fuse out of the panel, the operation of both extraction well pumps should be disabled, 

solenoid valve SV-900 should remain closed, motorized valve XCV-200 should remain closed, 
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and an alarm should be indicated by the PLC. Once proper functionality is confirmed, replace 

the fuse and restart the system; the system should return to normal operation. 

 

PAL-900, low pressure within oxygen receiving tank T-900: 

Test low-pressure alarms for the system by adjusting the low-pressure set point at the 

pressure transmitter to a pressure 5 to 10 psi above normal/current operating pressure of tank 

T-900. This should prompt transfer pump P-200 and both extraction well pumps to shut down, 

solenoid valve SV-900 to close, motorized valve XCV-200 to close, and an alarm should be 

indicated by the PLC. Once proper functionality is confirmed, restore the normal operating 

low-pressure set point for the pressure switch; the system should return to normal operation. 

 

ZA-200, discord/auxiliary contact failure alarm for solids settling tank influent motorized valve 

XCV-200: 

Test discord/auxiliary contact failure for solids settling tank influent motorized valve XCV-200 

by pulling the fuse in the panel that provides the signal to the PLC that the valve is being 

called to open or close and is operating normally. With the fuse out of the panel, the operation 

of transfer pump P-200 and both extraction well pumps should be disabled, solenoid valve 

SV-900 should remain closed, motorized valve XCV-200 should remain closed, and an alarm 

should be indicated by the PLC. Once proper functionality is confirmed, replace the fuse and 

restart the system; the system should return to normal operation. 

 

LAHH-400, high-high level in solids settling tank T-400: 

Test the mechanical level float switch high-high level alarm by physically tipping the float from 

its normal vertical position to upside down. This should prompt transfer pump P-200 and both 

extraction well pumps to shut down, solenoid valve SV-900 to close, motorized valve XCV-200 

to close, and an alarm should be indicated by the PLC. Once proper functionality is confirmed, 

return the mechanical level float switch to its normal position within the solids settling tank; the 

system should return to normal operation. 

 

LALL-300, low-low level in tank T-300: 

Low-low level alarm testing for the system decant tank includes a test of both the level 

transmitter set point and the mechanical level float switch. Test the level transmitter low-low 

level alarm by adjusting the low-low level set point at the PLC to a depth above the existing 

water level in the tank. This should prompt injection pump P-300 to shut down and an alarm 

should be indicated by the PLC. Once proper functionality is confirmed, restore the normal 

operating low-low level set point for the decant tank level transmitter; the system should return 

to normal operation. 
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Test the mechanical level float switch low-low level alarm by pulling the float out of the water 

and allowing it to hang straight downward. This should prompt injection pump P-300 to shut 

down and an alarm should be indicated by the PLC. Once proper functionality is confirmed, 

return the mechanical level float switch to its normal position within the decant tank; the 

system should return to normal operation. 

 

LAHH-300, high-high level in Tank T-300: 

High-high level alarm testing for the system decant tank includes a test of both the level 

transmitter set point and the mechanical level float switch. Test the level transmitter high-high 

level alarm by adjusting the high-high level set point at the PLC to a depth below the existing 

water level in the tank. This should prompt transfer pump P-200 and both extraction well 

pumps to shut down, solenoid valve SV-900 to close, motorized valve XCV-200 to close, and 

an alarm should be indicated by the PLC. Once proper functionality is confirmed, restore the 

normal operating high-high level set point for the decant tank level transmitter; the system 

should return to normal operation. 

Test the mechanical level float switch high-high level alarm by physically tipping the float from 

its normal vertical position to upside down. This should prompt transfer pump P-200 and both 

extraction well pumps to shut down, solenoid valve SV-900 to close, motorized valve XCV-200 

to close, and an alarm should be indicated by the PLC. Once proper functionality is confirmed, 

return the mechanical level float switch to its normal position within the decant tank; the 

system should return to normal operation.  

 

AAL-300, low dissolved oxygen (DO) concentration in tank T-300: 

Test the low DO concentration in tank T-300 by adjusting the DO set point to a concentration 

above normal/current DO concentration in the decant tank. This should prompt an alarm at the 

PLC. Once proper functionality is confirmed, return the DO concentration set point to its 

normal value. 

 

PAH-300, high pressure in the discharge piping of injection pump P-300: 

Test the high-pressure alarms for the system by adjusting the high-pressure set point at the 

pressure transmitter to a pressure 5 to 10 psi below normal operating pressure of the piping in 

which it is installed. This should prompt transfer pump P-200, injection pump P-300, and both 

extraction well pumps to shut down; solenoid valve SV-900 to close; motorized valve XCV-200 

to close; and an alarm should be indicated by the PLC. Once proper functionality is confirmed, 

restore the normal operating high pressure set point for the pressure transmitter; the system 

should return to normal operation. 

 

 



 

c:\users\plane\desktop\tony\appendix c - sops\sops\sop 7 alarm testing_ebb.doc 

5Former Tappan Terminal – Operation, Maintenance, and Monitoring Manual

Groundwater Remediation System

SOP 7: Alarm Testing

Rev. #:  00 | Rev Date:  11/01/2012

FAL-700, low flow from injection pump P-300: 

Test the low-flow alarm for the system injection pump by adjusting the low-flow set point at the 

PLC to a flow 5 to 10 gpm above the normal/current flow coming from the injection pump. 

After a 20- to 30-second delay, this should prompt transfer pump P-200, injection pump P-

300, and both extraction well pumps to shut down; solenoid valve SV-900 to close; motorized 

valve XCV-200 to close; and an alarm should be indicated by the PLC. Once proper 

functionality is confirmed, restore the normal operating low-flow set point for the injection 

pump flow meter; the system should return to normal operation.  

 

YA-P-300, auxiliary contact failure/VFD fault for injection pump P-300: 

Test auxiliary contact failure/VFD fault for injection pump P-300 by pulling the fuse in the 

panel that provides the signal to the PLC that the pump is being called to run and is running.  

With the fuse out of the panel, the operation of transfer pump P-200 and both extraction well 

pumps should be disabled, solenoid valve SV-900 should remain closed, motorized valve 

XCV-200 should remain closed, and an alarm should be indicated by the PLC. Once proper 

functionality is confirmed, replace the fuse and restart the system; the system should return to 

normal operation. 

 

LAHH-700 through LAHH-704, high-high level at infiltration trenches: 

Generally, the level transducers for the infiltration trenches will be kept dry within the trench 

still well; therefore, a wet bucket test will be required to test the functionality of the high-high 

level alarm at the infiltration trenches. At each infiltration trench, remove the level transducer 

and secure within a 5-gallon bucket at a level approximately half way inside of the bucket. Fill 

the buck with water and adjust the high-high level alarm set point until a positive alarm test is 

achieved. If the level transducer in the infiltration trench still well is typically submerged in 

water during normal operations, the high-high level alarm set point can be adjusted to a depth 

below the normal/current depth in the trench still well. This should prompt transfer pump P-

200, injection pump P-300, and both extraction well pumps to shut down; solenoid valve SV-

900 to close; motorized valve XCV-200 to close; and an alarm should be indicated by the 

PLC. Once proper functionality is confirmed, replace the level transducers and restart the 

system; the system should return to normal operation. 

 

LAHH-705 through LAHH-708, high-high level at injection wells: 

Test the injection well high-high level alarm by adjusting the high-high level set point at the 

PLC to a depth below the existing water level in the injection well. This should prompt transfer 

pump P-200, injection pump P-300, and both extraction well pumps to shut down; solenoid 

valve SV-900 to close; motorized valve XCV-200 to close; and an alarm should be indicated 

by the PLC. Once proper functionality is confirmed, restore the normal operating high-high 
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level set point for the injection well level transducer; the system should return to normal 

operation. 

 

TAL-800, low building temperature: 

Test the low building temperature alarm by adjusting the low temperature set point to a 

temperature greater than the current building temperature. This should prompt an alarm at the 

PLC. Once proper functionality is confirmed, restore the normal operating low building 

temperature set point. 

 

LAHH-800, high-high level in the building sump: 

The level transducer for the building sump will be kept dry; therefore, a wet bucket test will be 

required to test the functionality of the high-high level alarm. Remove the level transducer and 

secure within a 5-gallon bucket at a level approximately half way inside the bucket. Fill the 

buck with water and adjust the high-high level alarm set point until a positive alarm test is 

achieved. An alarm condition should prompt transfer pump P-200, injection pump P-300, and 

both extraction well pumps to shut down; solenoid valve SV-900 to close; motorized valve 

XCV-200 to close; and an alarm should be indicated by the PLC. Once proper functionality is 

confirmed, replace the level transducer and restart the system; the System should return to 

normal operation. 

 

AAH-800, high oxygen concentration within the building: 

Test the high oxygen concentration alarm by adjusting the high oxygen concentration set point 

to a set point lower normal oxygen levels in the building. This should prompt an alarm at the 

PLC. Once proper functionality is confirmed, restore the normal operating high oxygen 

concentration set point. 
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I. Scope and Application 

This Standard Operating Procedure (SOP) describes the chain-of-custody, handling, 

packing, and shipping procedures for the management of samples to decrease the 

potential for cross-contamination, tampering, mis-identification, and breakage, and to 

insure that samples are maintained in a controlled environment from the time of 

collection until receipt by the analytical laboratory.

II. Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training, 

including 40-hour HAZWOPER training, Department of Transportation (DOT) training, 

site supervisor training, and site-specific training, as needed. In addition, ARCADIS 

field sampling personnel will be versed in the relevant SOPs and possess the skills 

and experience necessary to successfully complete the desired field work.  

III. Equipment List

The following list provides materials that may be required for each project.  Project 

documents and sample collection requirements should be reviewed prior to initiating 

field operations:

• indelible ink pens (black or blue);

• polyethylene bags (resealable-type);

• clear packing tape, strapping tape, duct tape;

• chain of custody  

• DOT shipping forms, as applicable

• custody seals or tape;

• appropriate sample containers and labels,;

• insulated coolers of adequate size for samples and sufficient ice to maintain 

4°C during collection and transfer of samples;

• wet ice;

• cushioning and absorbent material (i.e., bubble wrap or bags);
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• temperature blank

• sample return shipping papers and addresses; and

• field notebook.

IV. Cautions

Review project requirements and select appropriate supplies prior to field mobilization.

Insure that appropriate sample containers with applicable preservatives, coolers, and 

packing material have been supplied by the laboratory.

Understand the offsite transfer requirements for the facility at which samples are 

collected.  

If overnight courier service is required schedule pick-up or know where the drop-off 

service center is located and the hours of operation.  Prior to using air transportation, 

confirm air shipment is acceptable under DOT and International Air Transport 

Association (IATA) regulation

Schedule pick-up time for laboratory courier or know location of laboratory/service 

center and hours of operation.

Understand DOT and IATA shipping requirements and evaluate dangerous goods 

shipping regulations relative to the samples being collected (i.e. complete an 

ARCADIS shipping determination).  Review the ARCADIS SOPs for shipping, 

packaging and labeling of dangerous goods.  Potential samples requiring compliance 

with this DOT regulation include:  

• Methanol preservation for Volatile Organic Compounds in soil samples 

• Non-aqueous phase liquids (NAPL)

V. Health and Safety Considerations

Follow health and safety procedures outlined in the project/site Health and Safety Plan 

(HASP).
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Use caution and appropriate cut resistant gloves when tightening lids to 40 mL vials.  

These vials can break while tightening and can lacerate hand.  Amber vials (thinner 

glass) are more prone to breakage.

Some sample containers contain preservatives.  

• The preservatives must be retained in the sample container and should in no 

instance be rinsed out.  

• Preservatives may be corrosive and standard care should be exercised to 

reduce potential contact to personnel skin or clothing.  Follow project safety 

procedures if spillage is observed.

• If sample container caps are broken discard the bottle.  Do not use for sample 

collection.

VI. Procedure

Chain-of-Custody Procedures

1. Prior to collecting samples, complete the chain-of-custody record  header 

information by filling in the project number, project name, and the name(s) of the 

sampling technician(s) and other relevant project information. Attachment 1 

provides an example chain-o- custody record 

2. Chain-of-custody information MUST be printed legibly using indelible ink (black 

or blue).

3. After sample collection, enter the individual sample information on the chain-of-

custody:

a. Sample Identification indicates the  well number or soil location that the 

sample was collected from. Appropriate values for this field include well 

locations, grid points, or soil boring identification numbers (e.g., MW-3, X-

20, SB-30). When the depth interval is included, the complete sample ID 

would be “SB-30 (0.5-1.0) where the depth interval is in feet.   Please 

note it is very important that the use of hyphens in sample names and 

depth units (i.e., feet or inches) remain consistent for all samples entered 

on the chain-of-custody form. DO NOT use the apostrophe or quotes in 

the sample ID.  Sample names may also use the abbreviations “FB,” 

“TB,” and “DUP” as prefixes or suffixes to indicate that the sample is a 

field blank, trip blank, or field duplicate, respectively.  NOTE:  The sample 
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nomenclature may be dictated by the project database and require 

unique identification for each sample collected for the project.  Consult 

the project data management plan for additional information regarding 

sample identification.

b. List the date o  sample collection. The date format to be followed should 

be mm/dd/yy (e.g., 03/07/09) or mm/dd/yyyy (e.g. 03/07/2009).

c. List the time that the sample was collected. The time value should be 

presented using military format. For example, 3:15 P.M. should be 

entered as 15:15.

d. The composite field should be checked if the sample is a composite over 

a period of time or from several different locations and mixed prior to 

placing in sample containers.  

e. The “Grab”. field should be marked with an “X” if the sample was 

collected as an individual grab sample. (e.g. monitoring well sample or 

soil interval).

f. Any sample preservation should be noted.

g. The analytical parameters that the samples are being analyzed for should 

be written legibly on the diagonal lines. As much detail as possible should 

be presented to allow the analytical laboratory to properly analyze the 

samples. For example, polychlorinated biphenyl (PCB) analyses may be 

represented by entering “PCBs” or “Method 8082.” Multiple methods 

and/or analytical parameters may be combined for each column (e.g., 

PCBs/VOCs/SVOCs or 8082/8260/8270). These columns should also be 

used to present project-specific parameter lists (e.g., Appendix IX+3 

target analyte list.  Each sample that requires a particular parameter 

analysis will be identified by placing the number of containers in the 

appropriate analytical parameter column. For metals in particular, indicate 

which metals are required.  

h. Number of containers for each method requested.  This information may 

be included under the parameter or as a total for the sample based on 

the chain of custody form used.

i. Note which samples should be used for site specific matrix spikes.

j. Indicate any special project requirements.
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k. Indicate turnaround time required.

l. Provide contact name and phone number in the event that problems are 

encountered when samples are received at the laboratory.

m. If available attach the Laboratory Task Order or Work Authorization forms

n. The remarks field should be used to communicate special analytical 

requirements to the laboratory. These requirements may be on a per 

sample basis such as “extract and hold sample until notified,” or may be 

used to inform the laboratory of special reporting requirements for the 

entire sample delivery group (SDG). Reporting requirements that should 

be specified in the remarks column include: 1) turnaround time; 2) contact 

and address where data reports should be sent; 3) name of laboratory 

project manager; and 4) type of sample preservation used.

o. The “Relinquished By” field should contain the signature of the sampling 

technician who relinquished custody of the samples to the shipping 

courier or the analytical laboratory.

p. The “Date” field following the signature block indicates the date the 

samples were relinquished. The date format should be mm/dd/yyyy (e.g., 

03/07/2005).

q. The “Time” field following the signature block indicates the time that the 

samples were relinquished. The time value should be presented using 

military format. For example, 3:15 P.M. should be entered as 15:15.

r. The “Received By” section is signed by sample courier or laboratory 

representative who received the samples from the sampling technician or 

it is signed upon laboratory receipt from the overnight courier service. 

3. Complete as many chain-of-custody forms as necessary to properly document 

the collection and transfer of the samples to the analytical laboratory.

4. Upon completing the chain-of-custody forms, forward two copies to the 

analytical laboratory and retain one copy for the field records.

5. If electronic chain-of-custody forms are utilized, sign the form and make 1 copy 

for ARCADIS internal records and forward the original with the samples to the 

laboratory.
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Handling Procedures

1. After completing the sample collection procedures, record the following

information in the field notebook with indelible ink:

• project number and site name;

• sample identification code and other sample identification information, if 

appropriate;

• sampling method;

• date;

• name of sampler(s);

• time;

• location (project reference); 

• location of field duplicates and both sample identifications;

• locations that field QC samples were collected including equipment blanks, 

field blanks and additional sample volume for matrix spikes; and

• any comments.

2. Complete the sample label with the following information in indelible ink:

• sample type (e.g., surface water);

• sample identification code and other sample identification information, if 

applicable;

• analysis required;

• date;

• time sampled; and

• initials of sampling personnel;
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• sample matrix; and

• preservative added, if applicable.

3. Cover the label with clear packing tape to secure the label onto the container 

and to protect the label from liquid.

4. Confirm that all caps on the sample containers are secure and tightly closed.

5. In some instances it may be necessary to wrap the sample container cap with 

clear packing tape to prevent it from becoming loose.

6. For some projects individual  custody seals may be required.  Custody seal 

evidence tape may be placed on the shipping container or they may be placed 

on each sample container such that the cooler or cap cannot be opened without 

breaking the custody seal.  The custody seal should be initialed and dated prior 

to relinquishing the samples.

Packing Procedures

Following collection, samples must be placed on wet ice to initiate cooling to 4°C 

immediately.  Retain samples on ice until ready to pack for shipment to the laboratory.

1. Secure the outside and inside of the drain plug at the bottom of the cooler being 

used for sample transport with “Duct” tape.

2. Place a new large heavy duty plastic garbage bag inside each cooler

3. Place each sample bottle wrapped in bubble wrap  inside the garbage bag.  

VOC vials may be grouped by sample in individual resealable plastic bags). If a 

cooler temperature blank is supplied by the laboratory, it should be packaged 

following the same procedures as the samples. If the laboratory did not include 

a temperature blank, do not add one. Place 1 to 2 inches of cushioning material 

(i.e., vermiculite) at the bottom of the cooler.

4. Place the sealed sample containers upright in the cooler.

5. Package ice  in large resealable plastic bags and place inside the large garbage 

bag in the cooler. Samples placed on ice will be cooled to and maintained at a 

temperature of approximately 4°C.
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6. Fill the remaining space in the cooler with cushioning material such as bubble 

wrap. The cooler must be securely packed and cushioned in an upright position 

and be surrounded (Note: to comply with 49 CFR 173.4, filled cooler must not 

exceed 64 pounds).

7. Place the completed chain-of-custody record(s) in a large resealable bag and 

tape the bag to the inside of the cooler lid.

8. Close the lid of the cooler and fasten with packing tape.

9. Wrap strapping tape around both ends of the cooler.

10. Mark the cooler on the outside with the following information: shipping address, 

return address, “Fragile, Handle with Care” labels on the top and on one side, 

and arrows indicating “This Side Up” on two adjacent sides.

11. Place custody seal evidence tape over front right and back left of the cooler lid, 

initial and date, then cover with clear plastic tape.

Note: Procedure numbers 2, 3, 5, and 6 may be modified in cases where laboratories 

provide customized shipping coolers. These cooler types are designed so the sample 

bottles and ice packs fit snugly within preformed styrofoam cushioning and insulating 

packing material.

Shipping Procedures

1. All samples will be delivered by an express carrier within 48 hours of sample

collection.  Alternatively, samples may be delivered directly to the laboratory or 

laboratory service center or a laboratory courier may be used for sample pickup. 

2. If parameters with short holding times are required (e.g., VOCs [EnCore™ 

Sampler], nitrate, nitrite, ortho-phosphate and BOD), sampling personnel will 

take precautions to ship or deliver samples to the laboratory so that the holding 

times will not be exceeded.

3. Samples must be maintained at 4°C+2°C until shipment and through receipt at 

the laboratory

4. All shipments must be in accordance with DOT regulations and ARCADIS 

dangerous goods shipping SOPs.
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5. When the samples are received by the laboratory, laboratory personnel will 

complete the chain-of-custody by recording the date and time of receipt of 

samples, measuring and recording the internal temperature of the shipping 

container, and checking the sample identification numbers on the containers to 

ensure they correspond with the chain-of-custody forms.

Any deviations between the chain-of-custody and the sample containers, broken 

containers, or temperature excursions will be communicated to ARCADIS immediately 

by the laboratory.

VII. Waste Management

Not applicable

VIII. Data Recording and Management

Chain-of-custody records will be transmitted to the ARCADIS PM or designee at the 

end of each day unless otherwise directed by the  ARCADIS PM.  The sampling team 

leader retains copies of the chain-of-custody forms for filing in . the project file.  Record 

retention shall be in accordance with project requirements.

IX. Quality Assurance

Chain-of-custody forms will be legibly completed in accordance with the applicable 

project documents such as Sampling and Analysis Plan (SAP), Quality Assurance 

Project Plan (QAPP), Work Plan, or other project guidance documents. A copy of the 

completed chain-of-custody form will be sent to the ARCADIS Project Manager or 

designee for review.

X. References

Not Applicable
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EXECUTIVE SUMMARY 

It is ARCADIS’ policy that our staff will not enter confined spaces of any type unless it is 
absolutely necessary.  If it becomes necessary to enter confined spaces, this standard, at a 
minimum will be strictly followed.  A summary of the important requirements for managing the 
risks of confined spaces are summarized below.  

• Potential confined spaces in the work area that could be purposely or mistakenly entered by 
ARCADIS or subcontractor staff must be identified as confined spaces.  Entry is forbidden 
into these spaces until they are classified.  If no entry is necessary, classification is not 
required. 

• If entry is or may be required, the spaces must be evaluated and classified as to being 
permit-required or non-permit required confined spaces.  The client or property owner may 
have done this already, but this must be verified. 

• Non-Permit Required Confined Spaces 

o Entry into non-permit required confined spaces is allowed but only it has been 
appropriately evaluated and verified that all hazards are adequately controlled - 
TRACK 

o Personnel entering non-permit required spaces must complete confined space 
awareness training per ARCADIS training requirements 

• Permit-Required Confined Spaces 

o Permit-required confined spaces must be marked to identify them as such if not 
already. 

o A thorough hazard analysis of the space and the activities that could create hazards 
in the space must be completed – TRACK 

o A permit package must be completed prior to any entry, including the evaluation 
form, the permit form and the confined space entry checklist 

o All hazards must be appropriately controlled and verified before entry 

o Permit must be reissued for each entry and cancelled at the completion of an entry.  
Cancelled permits should be maintained in the project files. 

o An air monitoring plan and implementation of the plan is required for the entry 

o Entrants must be outfitted with appropriate equipment including PPE and rescue 

o A pre-planned rescue plan is required including identification of rescue services and 
trained personnel 

• Awareness level confined space training is required for all staff who work where confined 
spaces may be present.  Those who enter or serve as Attendants, Entry Supervisors or 
Rescuers must complete classroom training approved by Corporate H&S 
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1.  POLICY  

It is ARCADIS’ policy that staff will not enter confined spaces of any type unless it is absolutely 
necessary.  If it becomes necessary to enter confined spaces, this standard, at a minimum will be 
strictly followed.   

2. PURPOSE AND SCOPE 

2.1 Purpose 

This standard sets forth the accepted practice for confined space entry and establishes 
the requirement for a Confined Space Entry Permit protocol to effectively mitigate or 
eliminate the hazards presented by entry into confined spaces.  

2.2 Scope 

This standard applies to all employees of ARCADIS-US who may work around or in 
confined spaces.  Only trained and authorized personnel are permitted to enter confined 
spaces, supervise confined space activities, serve as an attendant during confined space 
activities and perform entry or non-entry rescues from confined spaces. 

3. DEFINITIONS 

See Definitions in Exhibit 1.  

4. RESPONSIBILITIES 

4.1 Attendants 

• An Attendant is prohibited from monitoring the activities of more than one confined 
space entry. 

• An Attendant must be stationed and remain stationed outside the permit space at all 
times during entry operations. The Attendant may have no other duties besides those 
listed in this section. 

• All Attendants must have training and instruction in their duties and responsibilities 
regarding confined space entry. The following are assigned duties: 

o Maintain an accurate count of all entrants in the confined space 

o Monitor activities both inside and outside the confined space to verify the 
continued safety of entrants 

o Maintain visual contact or verbal communication with all entrants in the 
confined space at all times 
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o Order evacuation of the confined space if an uncontrolled hazard develops, 
either within or outside the confined space, or upon observing a behavioral 
effect of hazard exposure among entrants 

o Warn unauthorized persons away from the confined space 

o Participate in non-entry rescue 

o Summon rescue and other emergency services 

• Attendants must maintain current certification in basic first aid and cardiopulmonary 
resuscitation (CPR). 

• Under no circumstances should the Attendant attempt rescue of entrants by entering 
the confined space.  

• In addition to a dedicated Attendant a second standby employee must be present in 
the area within sight or call to assist as necessary.   This standby person could be the 
Entry Supervisor if different than the Attendant.   

4.2 Authorized Entrants 

Entrants must have training and instruction in their duties and responsibilities regarding 
confined space entry.  All authorized entrants must: 

• Recognize the hazards which may be faced during entry, as well as the signs and 
symptoms of exposure to the hazard(s). 

• Shall confirm that all isolation, Lock/Out and Tag/outs have been completed prior to 
entry into confined space. 

• Maintain visual contact and/or verbal communications with the Attendant at all times. 

• Use the PPE, air monitoring and testing equipment that has been provided. 

• Maintain an awareness of all external barriers required to protect from external 
hazards (e.g., blanking, blocking and lockout) and the proper use of those barriers. 

• Obey evacuation orders given by the Attendant, Entry Supervisor, automatic alarm 
activation, or when self-perceived. 

4.3 Entry Supervisors (also see Training and Duties of Entry Supervisor) 

• Issue, authorize, and post the Entry Permit prior to any confined space entry. 

• Interface with the client representative to identify hazards associated with the client’s 
confined space. 

• Review existing confined space data (if any) recorded by the client. 
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• Review the client’s confined space standard. 

• Investigate the client’s permit entry protocol, ensuring that any identified hazards and 
previous experience with the confined space is properly communicated. 

• Coordinate entry operations with the client’s employees when both client and 
ARCADIS employees will be working in or near a permit space. 

• Coordinate rescue assistance with either the client’s in-house rescue team and/or the 
offsite rescue assistance specified by the client. The offsite rescue assistance 
specified by the client must have direct rescue experience in the client’s identified 
confined space or be provided an opportunity to examine the space and practice a 
rescue. 

• Verify that the client takes the necessary precautions in notifying their employees that 
our employees will be entering the confined space. 

• Review the lockout/tagout and isolation measures implemented by the client. 

• Immediately report any unusual or unforeseen confined space entry hazard to 
Corporate Health and Safety prior to authorizing entry. 

• Should test all atmosphere conditions prior to entry and shall complete and maintain 
the confined space permit form, and have it accessible for review on the job site at all 
times. 

• Offer all entrants an opportunity to review the confined space entry testing results 
and an opportunity to request a reevaluation of the permit space in the presence of 
the entrant if the entrant has reason to believe that the evaluation of the space may 
not have been adequate. 

• Upon completion of the entry covered by the permit, and after all entrants have exited 
the permit space, cancel the Entry Permit. 

• Verify that copies of the completed and canceled Entry Permits are properly 
disseminated to Corporate Health and Safety and retained with the project files, as 
specified in Section 8.0I – Records.   

• Identify and label confined spaces under ARCADIS long-term control. 

The Entry Supervisor may also function as the Attendant; therefore, the Entry Supervisor 
must have the training specified for an Attendant and will assume the duties listed for either 
the Entry Supervisor or Attendant. 

4.4 Corporate H&S with Division and Practice Experts  

On an annual basis, review and update, as necessary, this standard.  In addition, review 
cancelled entry permits periodically to ensure conformance to this standard.  Provide the 
initial confined space entry training and retraining, or recommend qualified training provider, 
to all Entry Supervisors, entrants and Attendants.  Provide technical assistance regarding 
confined space entry protocol, atmospheric testing equipment, PPE, hazard assessment 
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and research information on unusual hazards.  Audit project-specific confined space entry 
for compliance with this SOP.  Retain a file of cancelled Confined Space Entry Permits for 
annual review. 

4.5 Principal in Charge (PIC), Project Manager (PM), and Task Manager (TM)  

Are responsible to: 

• Verify that all confined spaces and entry protocols are properly identified and 
addressed within the project work plan, project health & safety plan, and/or other 
project-related documents.   

• Verify that their divisional or project team employees have received the proper confined 
space training provided by Corporate Health & Safety or qualified training source prior 
to conducting confined space entry activities.  

• Verify that the proper confined space entry equipment, including PPE, atmospheric 
testing equipment and safety equipment, is available for use by their divisional 
employees.  

• Verify that copies of the completed and canceled Entry Permits are properly 
disseminated to Corporate Health and Safety and retained with the project files.  

• Identify client requirements and assure they are communicated to the project team. 

4.6 Health and Safety Plan Writers and Reviewers  

Utilize this standard as guidance to ensure the appropriate identification, assessment and 
control of confined space spaces and associated entries for documentation in project 
HASPs 

4.7 Rescue Services 

Two types of rescue may be initiated during confined space work, entry rescue and non-
entry rescue.  Rescue services in this standard refer to both entry rescue and non-entry 
rescue.  Entry rescue is typically provided by an outside service such as a local fire 
brigade.  ARCADIS employees are prohibited from conducting entry rescues, and will 
only participate in non-entry rescue if trained to do so.   

Whenever ARCADIS or subcontractor personnel enter a permit-required confined space, 
a written plan must be in place for the rescue of those employees from the space, as 
needed.  The rescue service must: 

• Be available and always be on alert for all confined space entries as required. 

• Be familiar with all equipment used for the task. 

• Have proper training and preparation for confined space rescue. 

• Use the PPE and rescue equipment necessary for making rescues from confined 
spaces. 
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• Know basic first aid and cardiopulmonary resuscitation (CPR); at least one member 
of the rescue service shall hold current certification in first aid and CPR. 

• Perform assigned rescue duties competently. 

• Receive the required authorized entrants’ training. 

• Practice making confined space rescues using the following: 

o Dummies, mannequins or actual people 

o Representatives spaces to simulate the types of confined spaces from which 
the rescue is be performed 

• Complete training at least once every 12 months, with training certification reviewed 
by the Entry Supervisor. 

• Have ready access to the appropriate PPE and equipment necessary to safely 
retrieve injured or collapsed personnel from the confined space 

• Consider ready access to first aid provisions during job planning 

• Gather information on every confined space entry task, including exact location, 
immediately prior to work commencing and before and after breaks 

4.8 All ARCADIS Employees  

Use the TRACK process described below regularly and frequently.  In addition, 
employees read and understand all documented hazard identification and risk 
assessments conducted using the HARC process and documented in HASPs, JSAs, and 
other written plans that are associated with their work.  ARCADIS employees will: 

• Participate in entry operations only if trained and authorized to do so 

• Never enter a confined space without an authorized Attendant, Entry Supervisor, and 
a completed Entry Permit 

• Never attempt entry rescue within a confined space unless trained in entry rescue 

• If unexpected conditions arise during entry, immediately notify other entrants, 
evacuate the space and inform the Entry Supervisor 

5. PROCEDURES AND PRACTICES 

Structures or facilities that could be deemed confined spaces may include but not be limited to: 

• Enclosed drains or sewers 

• Excavations and trenches 

• Process vessels and exchanges 
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• Road and rail tankers 

• Silos 

• Storage tanks 

• Sumps 

• Well vaults 

• Crawl spaces 

A confined space can be permitted or non-permitted, which is determined by through the 
completion of a comprehensive evaluation of hazards to appropriate controls are implemented to 
ensure entry is completed safely. 

5.1 What is a Confined Space? 

A Confined Space is any enclosed space which: 

• Is large enough and so configured that an employee can bodily enter and perform 
work. 

• Has limited or restricted means for entry or exit. 

• Is not intended for continuous employee occupancy.  

5.2 What is a Permit-Required Confined Space? 

A Permit-Required Confined Space is a confined space that has one or more of the 
following characteristics: 

• Contains or has a known potential to contain a hazardous atmosphere. 

• Contains a material with the potential for engulfment of an Entrant. 

• Has an internal configuration such that an Entrant could be trapped or asphyxiated by 
inwardly converging walls or a floor which slopes downward and tapers to a smaller 
cross-section. 

• Contains any recognized safety or health hazard capable of causing injury or death. 

• Contains job-introduced hazards such as welding, cutting, grinding, hot riveting, 
burning, heating, or the introduction or sources of ignition within the confined space, 
asbestos or lead containing material removal, or the use of flammable or toxic 
cleaning solvents. 
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5.3 What is Confined Space Entry? 

Entry constitutes the act by which an employee intentionally passes through an opening 
into a permit-required confined space. Entry is considered to have occurred as soon as any 
part of the employee’s body breaks the plane of the opening into the space. 

5.4 What are the Potential Hazards of a Confined Space? 

All parties involved in confined space entry will be competent to recognize hazards that 
may be associated with a confined space.  The parties involved, as part of the evaluation 
process, will perform a hazard analysis and assessment of the space to identify 
associated hazards for each space identified if entry is required.  Appropriate controls will 
then be implemented before entry.  The potential hazards of a confined space include but 
are not limited to: 

• Presence of flammable substances and oxygen enrichment which can lead to fire or 
explosion (Chemical). 

• Toxic gases, fumes or vapors which can result in acute local or systemic health 
effects (Chemical). 

• Inert gases which can result in asphyxiation (Chemical). 

• Oxygen-deficient atmospheres which can result in asphyxiation (Chemical). 

• Liquids or solids that can engulf an Entrant (Mechanical, Motion). 

• Extreme temperatures which can result in heat-stress, cold stress, or mental acuity 
decline (Environment). 

• Mechanical or electrical equipment which can result in bodily injury if contacted 
(Mechanical, Electrical). 

• Working at heights when entering and exiting which can result in falls (Gravity). 

• Slippery or uneven walking surfaces (Gravity, Mechanical). 

• Elevated noise levels from activities and echoing (Sound). 

• Low light levels (Radiation, Environment). 

• Stressful, confined work areas (Personal safety). 

• Poisonous or biting insects or animals, bacteria, biological materials, sanitary wastes 
(Biological). 
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5.5 Confined Space Identification and Evaluation 

On an ARCADIS project site or work location, information about confined spaces, 
including their location and characteristics, near the work site must be obtained from the 
owner or operator of the confined space. In turn, ARCADIS will then inform its 
subcontractors, as appropriate. 

In addition, prior to the initiation of activities, ARCADIS will: 

• Verify the location of the identified confined spaces and confirm no others exist in its 
work area 

• Evaluate each space in accordance with the criteria defined in this Program utilizing 
the Confined Space Evaluation Form and Instruction Guide.  This form then becomes 
part of the Entry permit package if entry is necessary.   

• Classify the confined spaces as to whether they are permit- or non-permit required.  
This may include additional consulting with the client, outside agencies and other 
necessary entities, as appropriate. ARCADIS can upgrade the classification beyond 
the client’s classification; however ARCADIS will not downgrade the classification. 

• Ensure the spaces are marked accordingly by either the client, site owner, or 
ARCADIS, as appropriate.   

Permit-required confined spaces will be marked as indicated below or similarly: 

Danger - - Permit-Required Confined Space, Do Not Enter 

Non-permit required spaces may also be marked as appropriate to notify others that it is 
a confined space. 

5.6 General Requirements for Confined Space Entry 

5.6.1 Communications 

Prior to any confined space entry, a communication system will be established.   

For communication during a permit-required space, there should be an established 
system between: 

• the Attendant and the Entrant 

• the Attendant and the Entry Supervisor 

• The Attendant and the assigned Rescuers.  The Attendant will be in constant and 
direct communication with the Entrants.   

Acceptable forms of communication between the Entrant and the Attendant are: 

• Hand signals, as long as the Entrants are in constant view of the Attendant 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
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• Intrinsically safe portable radios 

The appointed rescue team(s) shall be informed of every permit-required confined space 
entry task, including the exact location, both immediately prior to work commencing and 
before and after work breaks.  Intrinsically safe portable radios or cellular telephones of 
summoning help from a rescue service shall be available. 

5.6.2 Confined Space Entry Equipment 

Confined space entry, whether it be permit or non-permit required entry may require a 
variety of equipment.  This will be evaluated as part of the hazard analysis and evaluation 
process.  This equipment may include, but not limited to the following: 

• Signs, barricades or other devices to control access to the confined space and to 
control the area around the confined space where people will be working. 

• Energy control devices as specified by the ARCADIS Lockout / Tagout (LOTO) 
Control of Hazardous Energy standard. 

• Entry devices – ladder, tripod and winch, harness or other mechanism to allow safe 
entry and non-entry rescue – rescue equipment is required for all permit-required 
spaces. 

• Safety equipment – fire extinguishers, lights, cooling vests. 

• Ventilation equipment – fans, blowers or other methods to maintain safe atmospheric 
conditions within the space. 

• Air monitoring – meters to measure the air quality, at a minimum confined space 
entry meters will be able to measure oxygen, lower explosive limit (LEL), hydrogen 
sulfide (H2S) and Carbon monoxide (CO) – these may not be necessary for non-
permit required spaces. 

• Personal Protective Equipment – selected based on the hazards. 

Other equipment may be required based on the nature of the entry and the activities.  For 
example, self-contained breathing apparatus may be necessary for external rescuers for 
entry rescuers.  All equipment must be appropriate for the activities of the entry and be 
approved or certified as specified by regulatory requirements. 

5.7 Non-Permit-Required Confined Space Requirements 

If the site, as a result of the evaluation process, is revealed to contain any non-permit 
required confined spaces, ARCADIS will inform affected employees.  Entry into these 
spaces can be made as follows: 

• Entry into a non-permit confined space will be allowed only after review of the 
inventory/ evaluation form to determine what potential hazards may exist. 
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• Entry into the non-permit confined space will occur only after all hazards, if any, have 
been eliminated. 

If there are changes in the use or configuration of a non-permit confined space, the space 
in question must be re-evaluated to determine if any hazards exist.  If the hazards cannot 
be eliminated, the space must be reclassified as a permit required confined space. 

Non-Permit Entry is permitted when all atmospheric, egress and other recognized hazards 
can be eliminated.  If this is a sustainable situation, the confined space can be entered as a 
non-permit required entry. The confined space entry checklist must still be completed.  

5.8 Reclassifying a Permit-Required to a Non-Permit-Required Confined Space 

To reclassify a space from permit required to non-permit required, the following 
procedures must be used: 

• Without entering the space, if all the hazards in the space can be eliminated, 
(including atmospheric or potential atmospheric hazards), the space may be 
reclassified as a non-permit required. 

• If it is necessary to enter the space to eliminate existing hazards, all requirements for 
permit required confined space entry must be followed.  Once testing or inspection 
during this entry demonstrates that the hazards within the space have been 
eliminated, the space may be reclassified as a non-permit required. 

• Prior to reclassifying a permit required confined space to a non-permit required 
confined space, all relevant data that demonstrates the basis for the reclassification 
must be documented and referenced on the evaluation form.  

5.9 Permit-Required Confined Space Entry 

After a confined space is determined to be permit-required and entry is necessary to 
complete the activities, ARCADIS staff will: 

• Complete the entry permit package which includes the completed evaluation form, 
the entry permit, and the entry checklist. 

• Evaluate the hazards external to the confined space that may impact the confined 
space operations including but not limited to pedestrians and vehicles 

• Determine the appropriate hazard controls appropriate for the space using the hazard 
control hierarchy of eliminate, substitute, isolate, engineer out, administratively 
manage, and provide personal protective equipment 

• Develop an appropriate air monitoring program based on the characteristics of the 
space 

• Identify competent Entry Supervisor, Attendant, Entrants and Rescue personnel and 
establish procedures for the coordination of these staff 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Checklist%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Permit%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Checklist%20Form_US_Rev6%20-%201%20November%202010.doc
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5.9.1 Entry Permit Package and Process 

The Confined Space Entry Permit Package is made up of the completed Evaluation form, 
the Entry Permit, and the Entry Checklist.  The Entry Permit will be:  

• Completed, signed and issued by the Entry Supervisor who will verify that the confined 
space has been properly evaluated, isolated, drained, washed, purged, flushed 
ventilated, and tested as appropriate, and that the Entry Checklist and the Evaluation 
form are completed and part of the permit package. 

• Posted at the entrance to the space and remain for the duration of the entry 

• Weather-protected to maintain integrity.  

In addition, prior to authorizing the Entry Permit, the Entry Supervisor, along with the 
attendant and Entrants must ensure the following, as applicable.  

• All mechanical apparatus (such as agitators) within or connected to the confined 
space are de-energized, locked-out, and tagged as per the ARCADIS 
Lockout/Tagout standard. 

• All lines connected to the confined space where the nature of the service could 
present a hazard, such as nitrogen, steam, solvent, acid, or hot water, are isolated 
from the confined space. Acceptable isolation methods include removing a valve, 
spool piece, or expansion joint, and blanking or capping the opened end; inserting a 
suitable full-pressure blank in the piping between connecting flanges; and/or closing 
and locking at least two valves in the pipeline and locking open to atmosphere a 
chain valve between the two closed and locked valves.  

• All electrical equipment in and around the confined space is de-energized and locked 
out. 

• For confined spaces which have contained a known hazardous chemical (e.g., 
vessels, storage tanks), have been thoroughly cleaned by appropriate means, e.g., 
overflowing with water, steaming, etc. 

• For confined spaces containing known atmospheric hazards, mechanical ventilation 
is operating to maintain atmospheric hazards within permit parameters.  

• The atmosphere of the confined space is initially checked to verify that it contains 
acceptable levels of oxygen (19.5 to 23.5%) and is free of hazardous levels of 
explosive/combustible or toxic gases or vapors. The Atmospheric Testing Section, of 
this standard lists the air quality specifications which must be met. These 
specifications are also listed on the Entry Permit. Continuous air monitoring may be 
required depending on the nature of the confined space, as well as the activity(ies) to 
be conducted within the confined space. 

• All necessary entry equipment (e.g., retrieval lines, PPE, respiratory protective 
equipment) is available, in good condition, and functional. 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Permit%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Checklist%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Permit%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Entry_Checklist%20Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Confined%20Space%20Forms/ARC%20HSFS003_Confined_Space_Evaluation_Form_US_Rev6%20-%201%20November%202010.doc
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• All Entrants and Attendants have received the appropriate confined space entry 
training. 

• All rescue arrangements are in-place as per the section on Outside Rescue 
Assistance, and that an adequate means of communicating with outside assistance is 
immediately available to the attendant. 

The Entry Permit must be canceled and all Entrants ordered to evacuate the confined 
space when any one of the following conditions arises: 

• A change in initial atmospheric conditions which may jeopardize the continued health 
and safety of Entrants is detected. 

• The attendant must leave the work station. 

• The attendant is called on to perform duties which do not allow him/her to fulfill 
his/her duties as an attendant. 

• Whenever ordered by the attendant due to factors external to the confined space 
which may jeopardize the continued safety and health of Entrants. 

• At the end of the work shift and/or whenever a different group of Entrants and 
Attendants will take charge of the confined space. 

• Whenever Entrants self-perceive danger and self-initiate evacuation. 

• At the termination of confined space entry. 

• At the end of the work shift in which the entry occurs. 

5.9.2 Other Confined Space Entry Permit Requirements 

Additional Entry Permit package requirements are: 

• A separate Entry Permit must be generated for each confined space. However, a single 
Entry Permit may be generated for entry into multiple sewer system manholes in a 
continuous sewer system. 

• The completed permit package is valid for one shift only. A new permit and checklist 
must be completed with each new entry.  However, if the activities are the same as 
those evaluated on the evaluation form, a new evaluation form is not required.   

• A new completed and signed Entry Permit Package must be issued for each new crew 
of Entrants and Attendants. 
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5.9.3 Evaluation of External Hazards 

Prior to any confined space entry, hazards external to the space will be evaluated to 
ensure protection of Entrants and others.  This evaluation is done as part of the 
ARCADIS TRACK process, the development of JLAs for the job, and the daily tailgate 
meeting on site.  These external hazards may also be evaluated through the 
development of the site specific health and safety plan. 

5.9.4 Atmospheric Testing 

All confined spaces will be tested for atmospheric hazards as outlined below.  Results of 
this testing will be documented on the Entry permit.  

• Each confined space will be initially tested prior to the Entry Supervisor authorizing 
entry. 

• Each confined space will also be tested continuously or at intervals as specified by 
the Entry Supervisor based on the characteristics and hazards identified associated 
with the space, even when mechanical ventilation is utilized. 

• The following are the testing sequence and acceptable air quality criteria: 

o Oxygen content for all confined space entry must be 19.5 to 23.5% (Oxygen 
must be measured first) 

o Combustible gas or vapor must not exceed 10% of its Lower Explosive Limit 
(LEL) 

o Toxic gas or vapor must not exceed 50% of the OSHA Permissible Exposure 
Limit (PEL) or other published exposure guidelines whichever is lower 

o Carbon monoxide must not exceed 10 parts per million (ppm) 

o Hydrogen sulfide must not exceed 0.5 ppm 

• If it is necessary to enter a confined space where any of the following atmospheric 
conditions exist, all Entrants must wear either a NIOSH approved self-contained 
breathing apparatus (SCBA) of at least 60-minute duration or an air line respirator 
with emergency SCBA, as delineated below. 

o Initial atmospheric testing indicates conditions outside the parameters listed 
on the Entry Permit.  However, no entry will be made, even with respiratory 
protection, if  combustible gases/vapors are greater than 10% of the LEL or 
oxygen is greater than 23%  

o Initial atmospheric testing indicates conditions within permit parameters, but 
where the quality of the atmosphere remains questionable 

o Despite initial atmospheric testing results, activities to be performed while in 
the confined space would endanger Entrants by creating a sudden change in 
atmospheric conditions within the space.  This activities may include but are 
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not limited to welding, painting, coating, cutting, using solvents, or agitating 
bottom sediments 

o Mechanical ventilation will not maintain atmospheric hazards within permit 
limits 

• Under no circumstances is entry into a confined space having an IDLH condition 
(less than 19.5% oxygen or >5% of the LEL) permitted by any employee of 
ARCADIS. (10% of the LEL is safe from a flammability standpoint, but may pose 
certain other hazards from a health risk, thus, entry is not permitted if conditions 
measure more than 5% of the LEL) 

• Results of all atmospheric testing must be recorded on the Confined Space Entry 
Permit and/or an attached air monitoring log found in the HASP. 

• Entrants and their representatives have the opportunity to participate in all air 
monitoring and air monitoring instrument calibration, and to review all air monitoring 
data prior to entry to the space. 

5.9.5 Mechanical Ventilation 

Mechanical ventilation may be: 

• Utilized to maintain the atmospheric conditions hazards within entry limits.  

• Used to force clean air into a space or remove contaminated air from the space. 

Ventilation systems must be set up to adequately ventilate all areas of the space and be 
locked in the “on” position.  The space must be evacuated if the system fails. 

Air intake must be positioned to prevent the introduction of air contamination into the 
confined space (e.g., away from vehicle exhaust, tank vents). 

5.9.6 Work Practices 

The following Work Practices must be followed for Permit-Required Confined Space Entry. 

• All Entrants must wear a retrieval line secured on one end to the Entrant by a full-
body harness, or parachute harness, and the end secured outside the space unless 
this creates more of a hazard.   

• If there is not a fixed retrieval line, a suitable means for rescue appropriate for the 
configuration of space, must be provided.  

• For vertical-entry spaces, the lifeline must be secured to a lifting or other mechanical 
retrieval device affixed to a suitable anchor point. Reliance on manually lifting an 
Entrant from a vertical confined space is prohibited. If more than one Entrant is 
entering the space, each line shall be clearly marked to identify the Entrant and the 
mechanical retrieval system must be rated for multiple Entrant use. 
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• Whenever a ladder is required for entry, it must be secured and not withdrawn while 
anyone remains within the confined space, except as necessary to permit extraction 
during rescue. 

• Adequate, explosion proof illumination must be provided for entry as necessary.  

• Electrical equipment used within a confined space must be explosion-proof and be 
inspected prior to use to verify good working condition. The equipment must utilize a 
ground fault interrupt and/or be properly grounded. 

• Whenever the confined space is structured such that visual contact cannot be 
maintained between Entrants and the attendant, intrinsically-safe, two-way radios 
must be utilized to maintain continuous contact between Entrants and Attendants. 

• All confined spaces must be isolated prior to entry. 

• Prior to opening or removing lids, covers, access doors, or hatches of a confined 
space, precautions must be taken to determine if it is safe to do so. 

• Whenever entering spaces with permanent ladders, all rungs must be inspected to 
verify they are in safe and useable condition. 

• When working in a vertical confined space, precautions must be taken to prevent 
equipment and personnel from falling into the confined space opening. Tools should 
be lowered and removed from the space using a basket or sling to prevent falls and 
falling objects. 

• A re-evaluation of the hazards associated with the space will be conducted if it is 
believed or known that conditions in the space have changed, or if an Entrant 
requests re-evaluation or air monitoring. 

• If ARCADIS staff must enter a space with staff from one or more other employers, no 
entry will take place until the entry supervisors from each employer coordinate 
activities and determine and communicate the entry, operations, and exit and rescue 
procedures for the multi-employer space.  Responsibilities and designation of each 
authorized position will be reviewed and authorized positions will be appropriate 
staffed with qualified personnel. 

5.10 Confined Space Rescue 

Rescue services will be provided and be prepared for permit-required confined space 
entries. Non-entry rescues can be performed by qualified and trained ARCADIS staff.  
Entry rescues will be performed by external sources that are qualified and competent to 
perform entry rescues.  

5.10.1 Non-Entry Rescue 

ARCADIS staff or an external rescue team can provide non-entry rescue if they are 
property trained and qualified. This training must be completed at least annually and 
include the actual use of the rescue equipment that will be used during the confined 
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space entry over which they will provide rescue services.  In addition, at least one person 
on the rescue team must be currently certified in first aid and CPR.   

Non-entry rescue will involve the use of retrieval systems or methods to assist in the 
rescue unless the retrieval equipment increases the overall risk of the entry or does not 
contribute to the rescue of the Entrants.   

For non-entry retrieval, non-entry rescuers shall: 

• Ensure the use of a full body harness with a retrieval line attached at the center of the 
Entrant’s back near shoulder level or above the Entrant’s head by each authorized 
Entrant. 

• Attach the other end of the retrieval line to a mechanical device or fixed point outside 
the confined space in such a manner that rescue can begin as soon as the rescuer 
becomes aware that rescue is necessary. 

• Set up a mechanical device and make it ready to retrieve personnel from vertical type 
confined spaces more than 4 feet deep. 

• Use the material safety data sheets or written information if an injured Entrant is 
exposed to a hazardous substance. 

• Provide medical personnel treating the exposed Entrant with the material safety data 
sheet or written information. 

5.10.2 Outside Entry Rescue Assistance 

If the Entry Supervisor determines entry rescue may be necessary, an assessment will be 
completed to verify that the designated rescue service: 

• Has adequate resources, training and equipment to provide services for the scope of 
the planned entry.  

• Is within a reasonable response distance/time. 

Such rescue assistance must be coordinated with either the client’s designated confined 
space rescue team and/or with a local emergency response team. The selected rescue 
services must be offered an opportunity to inspect the confined space prior to initiating the 
entry. Documentation of this offer and the status of the site visit, if conducted, must be 
maintained by the entry supervisor. 

As appropriate, entry shall progress only after proper notification and verification of 
adequacy of outside rescue assistance prior to the actual entry activity. 

An adequate means of communication (e.g., cellular telephone for contacting offsite 
emergency assistance, air horn, or two-way radio for summoning the rescue team) must be 
immediately available to the attendant. 
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5.11 Annual Review of the Confined Space Entry Program 

At least annually, ARCADIS will review the confined space program to determine if 
revisions are required to ensure it is adequate.  This review will be accomplished using 
cancelled entry permits from within the last year, reading and updating this written 
standard, and via on-site assessments of entry activities.  Based on this review, the 
program and procedures will be revised as appropriate, and then communicated to 
appropriate staff. 

6. TRAINING 

All employees who work in the area of potential confined spaces or who enter non-permit required 
spaces will be trained in awareness level training in order to recognize confined spaces and to 
understand their hazards.  This training is provided during initial and refresher HazWoper training or 
through specific confined space awareness training. 

For entry to permit-required confined spaces, all parties involved including the entry supervisor, 
Attendants, Entrants and rescuers will take classroom, hands-on training pursuant to their activities.   
Additional training is provided to these employees if their duties change, or if new hazards are 
encountered, or if special procedures or activities occur.  Site specific training is also provided to 
address those site-specific hazards and confined spaces encountered on each project.   

Rescuers will receive hands-on training pertinent to the type of rescue services they will provide as 
described in the Rescue section of this document. 

All training provided to ARCADIS employees must be reviewed and approved by Corporate Health 
& Safety and will be managed through the ARCADIS training center. 

Documentation of training certification received by attendance at any training course including 
externally provided training courses will be kept by the employee with copies provided to the 
ARCADIS training center.   

7. REFERENCES 

● Confined Space Entry Evaluation Form and Instruction Guide – found on the Community Page 
of the H&S Team Site 

● Confined Space Entry Checklist – found on the Community Page of the H&S Team Site 

● Confined Space Entry Permit – found on the Community Page of the H&S Team Site 

● ARCADIS Health and Safety Standard ARC HSFS010– Health and Safety Planning 

● ARCADIS Health and Safety Standard ARC HSFS004 – Control of Hazardous Energy 
(Lockout/Tagout) 
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8. RECORDS 

• Training records will be kept by the individual employee with copies of such certificates kept 
by the ARCADIS training system.  Training dates and times will be kept by the ARCADIS 
training system. 

• Confined Space entry permits and cancelled permits will be kept in the project files with 
copies of cancelled permits kept by Corporate H&S. 

• Copies of all HASPs that document confined space procedures will be kept in the project 
files. 

9. APPROVALS AND HISTORY OF CHANGE 

Approved By: Michael Thomas, CIH, CPEA, Director H&S Environmental Division 

 

History of Change 

Revision Date Revision Number Reason for Change 

5 May 2008 01 Original document 

21 Jan 2009 02 Removed reference to Sewer System 
Manhole Checklist 

27 Jan 2009 03 Corrected discrepancy in acceptable CO 
levels between Section 5.3.3 and checklist 

in Exhibit1 

29 April 2009 04 Modified and added to several sections to 
provide more detail per the request of 

several client via ISN 

1 November 
2009 

05 Modified to include enhancements to the 
procedures and to meet BP Control of Work 

Defined Practice for Confined Spaces 

1 November 
2010 

06 Modified format to include an Executive 
Summary.  Also, reviewed and edited text 

to simplify the text. 
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Exhibit 1 – Definitions 

Attendant is a trained authorized individual stationed outside the confined space whose sole duty 
is to monitor authorized entrants inside the confined space. 

Blanking or Blinding is the absolute closure of a pipe, line or duct by the fastening of a solid plate 
that completely covers the bore and that is designed to withstand the pressure of the pipe, line or 
duct with no leakage beyond the plate. 

Confined Space is any enclosed space which is large enough and so configured that an employee 
can bodily enter and perform work, has limited or restricted means for entry or exit, and is not 
intended for continuous employee occupancy. Confined spaces include, but are not limited to, 
storage tanks, vessels, pits, boilers, flues, manholes, ventilation system ductwork, sewers, vaults, 
pipelines, silos, storage hoppers, diked areas, and wells greater than 4 feet deep. 

Confined Space Entry Permit is the document which defines the conditions of confined space 
entry, the reasons for entering the confined space, the anticipated hazards of the entry, a listing of 
atmospheric monitoring equipment, and acceptable atmospheric conditions. The Entry Permit 
identifies the rescue and other contacts which must be summoned in the case of an emergency, 
provides a listing of authorized attendants and entrants, the date of entry to the confined space, and 
the expiration of the Entry Permit. For the purposes of this HSP, the Confined Space Entry Permit 
package consists of the Confined Space Entry Checklist (Exhibit 1), the Confined Space Entry 
Permit (Exhibit 2), and the Confined Space Evaluation Form (Exhibit 3). The Entry permit package 
must be re-issued at the beginning of each shift. 

Double block and bleed – the closure of a line, duct, or pipe by closing and locking or tagging two 
inline valves and by opening and locking or tagging a drain or vent valve in the line between the two 
closed valves. 

Engulfment is the surrounding and effective capturing of a person by a liquid or finely divided (flow-
able) solid substance that can cause death by filling or plugging the respiratory system or exert 
force on the body to cause death by strangulation, constriction or crushing 

Entrants are employee’s who are trained and authorized to enter a confined space. 

Entry constitutes the act by which an employee intentionally passes through an opening into a 
permit-required confined space. Entry is considered to have occurred as soon as any part of the 
employee’s body breaks the plane of the opening into the space. 

Entry Supervisor is the trained, competent and authorized employee responsible for determining 
if acceptable entry conditions are present at a permit space where entry is planned, for authorizing 
entry and overseeing entry operations, and for terminating entry. The Entry Supervisor may also 
serve as an authorized attendant. 

Hazardous Atmosphere is an atmosphere which exposes employees to a risk of death, 
incapacitation, injury, or acute illness from one or more of the following: 

• An atmospheric concentration of any substance in excess of 50% of its established 
permissible exposure limit (PEL); or in the absence of a PEL, its assigned threshold limits 
value (TLV) or other value listed on the Material Safety Data Sheet (MSDS) for the 
chemical constituent whichever is lower. 
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• A flammable gas, vapor, or mist in excess of 5% of its lower explosive limit (LEL). 

• An airborne combustible dust at a concentration that obscures vision at a distance of 5 
feet or less or is above the LEL. 

• An atmospheric oxygen concentration below 19.5% (oxygen-deficient atmosphere) or 
above 23.5% (oxygen-enriched atmosphere). 

• An atmosphere which is immediately dangerous to life and health. 

Hot Work Permit – the written authorization to perform operations (for example, riveting, welding, 
cutting, burning, and heating) capable of providing a source of ignition. 

Immediately Danger to Life and Health (IDLH) means any condition which poses an immediate 
threat to loss of life; may result in irreversible or immediate-severe health effects; may result in 
eye damage, irritation, or other conditions which could impair escape from the confined space. 

Inerting – the displacement of the atmosphere in a permit space by a noncombustible gas (such 
as nitrogen) t such an extent that the resulting atmosphere is non-combustible.  This procedure 
produces an IDLH oxygen deficient atmosphere. 

Isolation involves removing equipment/systems in and around the space from service. This 
includes but is not limited to lockout/tagout, double blanking and bleeding, disconnecting and 
securing or restraining equipment. 

Lower Explosive Limit (LEL) is the minimum concentration (percentage) of a flammable gas that 
will propagate a flame in the presence of an ignition source.  The more explosive the gas, the lower 
the LEL.  LEL is usually expressed as a percentage (from zero to 100 percent explosive) and is 
often used interchangeably with lower flammability limit 

Non-Permit Confined Space is a confined space that does not contain or have the potential to 
contain any hazards capable of causing death or serious physical harm. 

Oxygen-deficient Atmosphere is an atmosphere containing less than 19.5 percent oxygen by 
volume. 

Oxygen-enriched Atmosphere is an atmosphere containing more than 23.5 percent oxygen by 
volume. 

Permit-Required Confined Space (Permit Space) is a confined space that has one or more of the 
following characteristics: 

• Contains or has a known potential to contain a hazardous atmosphere 

• Contains a material with the potential for engulfment of an entrant 

• Has an internal configuration such that an entrant could be trapped or asphyxiated by 
inwardly converging walls or a floor which slopes downward and tapers to a smaller 
cross-section 

• Contains any recognized safety or health hazard capable of causing injury or death. 
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• Contains job-introduced hazards such as welding, cutting, grinding, hot riveting, burning, 
heating, or the introduction or sources of ignition within the confined space, asbestos or 
lead containing material removal, or the use of flammable or toxic cleaning solvents 

• Is an excavation or trench that is deeper than three feet. 

Prohibited Condition is any condition in a permit space that is not allowed by the permit during the 
period when entry is authorized 

Rescue Service is the team or entity designated to rescue personnel from confined spaces 

Self-rescue is an entrant’s ability to escape unaided from a confined space 

Retrieval system – the equipment (including a retrieval line, chest or full-body harness, wristlets, if 
appropriate, and a lifting device or anchor) used for non-entry rescue of persons from confined 
spaces. 

 

 



 ARCADIS HS Standard 
Electrical Safety Standard 

Revision Number 
07 

Implementation Date 
26 March 2007 

ARCADIS HS Standard No. 
ARC HSFS006 

Revision Date 
14 April 2011 

Author 
Tony Tremblay 

Page 1 of 23 
Approver 

Mija Coppola 
 
 
EXECUTIVE SUMMARY 

This Health and Safety Standard (HSS) sets forth minimum requirements for ARCADIS personnel to 
conduct work involving electricity. There are various physical controls protecting personnel from the 
hazards related to electricity including: insulation, guarding, grounding, de-energizing equipment and 
electrical protective devices. In addition, administrative procedures such as safe work-practices, 
employee training, routine maintenance, inspections and program audits also provide administrative 
controls to appropriately and adequately protect ARCADIS personnel.  

• The HSS for conducting electrical work apply to projects and operations conducted at ARCADIS 
offices, project sites, client facilities, and any other work-related location where ARCADIS employees 
carry-out activities that directly or indirectly expose these employees to hazards of electricity. 

• An Electrical Energy Control Program must be established for each project or activity where 
ARCADIS personnel (including subs) perform work on devices with electrical energy sources. This 
program is developed for the control of potentially hazardous electrical energy when ARCADIS 
personnel are engaged in the installation testing, servicing (trouble-shooting) and/or maintenance of 
equipment. 

• All electrical equipment used on the project or activity is listed by a national testing laboratory for the 
specific application for which it is used. 

• All electrical equipment, which is routinely serviced or is being troubleshooting while energized by 
ARCADIS/subcontractor, is inventoried and listed in the project Health and Safety Plan (HASP). 

• Only Qualified Persons will be permitted to work on electrical conductors or circuit parts that have not 
been put into an electrically safe work condition. 

• Only Qualified Persons shall perform testing work within the Limited Approach Boundary of energized 
electrical conductors or circuit parts operating at 50 volts or more. 

• All electrical equipment (e.g. switchboards, panel boards, industrial control panels, motor control 
centers, etc.) in areas that are likely to require examination, adjustment, servicing (trouble-shooting), 
or maintenance while energized, are labeled (NFPA 70E compliant) to warn Qualified Persons and 
others of the potential electrical shock and arc flash hazards. 

• When working outside or in damp or wet environments, only Ground Fault Circuit Interrupters (GFCI) 
or GFCI protected receptacles shall be used. 

• When working on energized electrical conductors or circuit parts that are not placed in an electrically 
safe work condition (i.e., for the reasons of increased or additional hazards or infeasibility per section 
130.1 of NFPA 70E), work to be performed shall be considered energized electrical work and shall be 
performed by written permit only. 

• Work within the Arc Flash Protection Boundary will require the use of Personal Protective Equipment. 
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1. POLICY 

Minimizing the risk of incidents is the fundamental criterion to be satisfied when working on, 
performing maintenance activities on, and/or installing electrical equipment. The core criteria to this 
standard are as follows:  

• Anything that has been, could be, or is charged with electricity is considered to be energized until 
the employee has conducted a verification test and knows with certainty that it is no longer 
energized and is controlled with an appropriate lockable device and cannot be energized during 
the time ARCADIS staff is in contact with or in the vicinity of that item. 

• Appropriate safe work practices and controls, as required by this policy and associated ARCADIS 
procedures, are employed to prevent electric shock, arc flash burns or other injuries resulting 
from either direct or indirect electrical contacts. Specific work practices and controls are to be 
consistent with the nature and extent of the associated electrical hazards.  

• All servicing of electrical equipment shall be performed by Qualified Persons who operate in strict 
compliance with ARCADIS electrical safety requirements, including Lockout/Tagout (LOTO), arc-
flash, and shock hazard safety requirements.  Qualified individuals shall possess working 
knowledge of the various systems upon which work is being performed. 

• Routine work is planned carefully, following the ARCADIS TRACK process, and scheduled well in 
advance. Work assignments are planned to include the competently Qualified Personnel to 
perform the work. All electrical work will only be performed once all appropriate equipment has 
been procured, including all required Personal Protective Equipment (PPE) and analytical 
equipment (appropriately-rated digital voltmeter, etc.) and LOTO equipment, as appropriate. 

• When emergency work is required (including trouble-shooting), electrical safety is not 
compromised in favor of maintaining the project schedule or budget. Equipment outages 
(including de-energization and LOTO) are scheduled in lieu of working on energized equipment, 
whenever possible. When power shutdown is not possible, a signed Energized Electrical Work 
Permit from a Qualified Employee must be provided (Exhibit 2). Note: testing, troubleshooting and 
voltage measuring is excluded from the permit requirement, but must only be conducted by 
Qualified Persons. 

• No ARCADIS employee works on or installs electrical equipment that requires electrical power 
source of equal to or greater than 480 volts unless appropriately qualified and approved by 
ARCADIS Corporate H&S. 

This Electrical Safety Standard does not include design requirements for electrical equipment and/or 
work on or directly associated with electrical generation, transmission, or distribution installations. The 
PLC panels that ARCADIS designs/builds are excluded from this standard as this work is covered by 
other standard requirements established by the ARCADIS Technical Knowledge and Innovation 
group. 
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2. PURPOSE AND SCOPE 

2.1 Purpose 

2.1.1 Prevention 

The basic purpose of the ARCADIS electrical safety Health and Safety Standard (HSS) is to 
prevent accidents, injuries and equipment damage. Electrical accidents are caused by a 
combination of the following controllable factors: 

• Insufficient training or knowledge of the hazards and hazard controls 

• At-risk behaviors or work practices  

• Inappropriate equipment and/or installation 

• Workplaces made unsafe by the environment 

• Insufficient preparation for the expected task 

There are various physical controls protecting personnel from the hazards related to 
electricity including: insulation, guarding, grounding, de-energizing equipment and electrical 
protective devices. In addition, administrative procedures such as safe work-practices, 
employee training, routine maintenance, inspections and program audits also provide 
administrative controls to appropriately and adequately protect ARCADIS personnel. This 
HSS sets forth minimum requirements for ARCADIS personnel to conduct work involving 
electricity. 

2.1.2 Defining Hazards  

This HSS addresses electrical work as the hazardous energy source. The HSS make 
reference to the control of hazardous energy LO/TO program and the Hand/Power Tools 
HSS. Employees covered by this standard must also follow the ARCADIS LO/TO HSS ARC 
HSFS004 and the ARCADIS Hand/Power Tool HSS ARC HSFS008. 

2.1.3 Providing Guidance 

The standard and procedures also provide guidance and minimum training and competency 
requirements for ARCADIS employees, who potentially face a risk of electrical shock, arc 
flash, or related injuries, when they are working with or are in/and around electrical 
equipment.   
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2.2 Scope 

2.2.1 HSS Application 

The HSS for conducting electrical work apply to every project and all operations conducted at 
ARCADIS offices, project sites, client facilities, and any other work-related location where 
ARCADIS employees carry-out activities that directly or indirectly expose these employees to 
hazards of electricity.  

2.2.2 Exposure  

This HSS applies to all ARCADIS US work operations conducted involving electrical systems 
where employees may be exposed to energized electrical parts and/or those parts that have 
been de-energized. 

3. DEFINITIONS 

There are a number of definitions associated with this standard and associated procedures. These 
definitions are presented in Exhibit 1 of this document.  

4. RESPONSIBILITY 

4.1 PICs, Project Managers, Task Managers and Corporate Service Managers 

Are responsible for implementing this HSS on any project that poses electrical hazards to 
ARCADIS employees or employees of its subcontractors, clients, and other organizations 
present in the vicinity of work controlled by ARCADIS. These individuals are responsible for 
communicating and appropriately managing subcontractors, ensuring that employees have 
appropriate training and qualifications, and for reviewing all opportunities of electrical work 
performed by or supervised by ARCADIS as specified in this standard and procedure. These 
individuals are responsible for involving the appropriate ARCADIS H&S Staff and for ensuring 
that all subcontractors have been communicated with concerning the minimum H&S 
requirements for the activity involving electricity. 

4.2 Division HS Directors 

Are responsible for communicating with all PICs, PMs, APMs, Location Leaders, and 
Corporate Services Managers within ARCADIS and ensuring they are aware of this HSS and 
for ensuring it is being implemented effectively. 

4.3 Operations Managers and Supervisors 

Operations managers and supervisors that have oversight management for the health and 
safety of employees in their respective operations assures that appropriate time is provided 
to facilitate the development of electrical control procedures and for personnel training. 

4.4 ARCADIS Employees 
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ARCADIS employees are responsible for implementing the TRACK (Think through the task, 
Recognize the hazard, Assess the risk, Control the risk, Keep H&S first in all things) process 
before any and all work related to electricity and adhere to this electrical standard and 
associated electrical procedures set forth by ARCADIS Corporate H&S and communicate 
H&S concerns, issues and questions to their supervisor or their respective Health and Safety 
contact prior to initiating work. 

5. STANDARDS AND PRACTICES 

5.1 Procedure 

The following elements support this ARCADIS Electric Safety HSS. Each element, briefly 
described below, has its own detailed procedure and is associated with this standard. 

5.1.1 Electrical Energy Control Program 

An Electrical Energy Control Program is established for each project or activity where 
ARCADIS personnel (including subs) perform work on devices with electrical energy sources. 
This program consists of energy control procedures (including the identification of the 
hazardous energy sources as required by the Control of Hazardous Energy Standard - ARC 
HSFS004), employee training requirements, and periodic inspections to ensure that before 
any employee performs any servicing (trouble-shooting, and includes the testing of this 
equipment during the build-out) or maintenance on a machine or equipment where the 
unexpected energizing, startup or release of stored energy could occur and cause injury, the 
machine or equipment shall be isolated from the energy source and rendered inoperative. 
The Electrical Energy Control Program also includes a general section on installation 
requirements and safeguards. Refer to ARCADIS Control of Hazardous Energy 
(Lockout/Tagout) Procedure ARC HSFS004 for an Equipment Specific LO/TO Procedure 
template. 

This Electrical Energy Control Program can be part of the project’s health and safety plan or 
JLA. 

5.1.2 Electrical Energy Control Procedure 

An Electrical Energy Control Procedure is developed, documented and utilized for the control 
of potentially hazardous electrical energy when ARCADIS personnel are engaged in the 
installation testing, servicing (trouble-shooting) and/or maintenance of equipment. The 
Electrical Energy Control Procedure includes specific requirements for the installation of 
electrical equipment. This procedure serves as the Electrical Energy Control Procedure. 

5.1.3 Protective Devices  

Protective Devices (e.g. locks, tags, chains, wedges, key blocks, adapter pins, self-locking 
fasteners, or other hardware) and Personal Protective Equipment (PPE) is provided, 
specified in the Electrical Task Hazard Assessment sheets (Exhibit 8), and used by ARCADIS 
personnel. These devices and PPE are used for isolating, securing or blocking of machines 
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or equipment from electrical energy sources, and during servicing (trouble-shooting) 
equipment, and installation of this equipment. 

5.1.4 Assessment Procedure 

An Assessment Procedure is developed to cover the specifications required for periodic 
assessments. These assessments, to be conducted periodically (at least annually) of each 
project employing Electrical Energy Control Procedure(s), ensures that the Electrical Energy 
Control Procedure(s) and the requirements of Electrical Energy Control Program are being 
followed. Details on the control of hazardous energy are outlined in the ARCADIS Control of 
Hazardous Energy (Lockout/Tagout) Procedure ARC HSFS004. 

5.1.5 Electrical Safety Training 

ARCADIS provides Electrical Safety Training to include the arc flash safety training to 
appropriate personnel to ensure that the purpose and function of the Electrical Energy 
Control Program and Procedures are understood and that the knowledge and skills required 
for the safe operation (including, servicing, maintenance, and installation) are acquired. 

5.1.6 Outside Personnel 

Whenever outside servicing personnel (Contractors/Subcontractors) are to be engaged in 
activities covered by the control of hazardous energy sources (re: Control of Hazardous 
Energy Standard - ARC HSFS004) and this HSS, ARCADIS and the outside servicing 
employer shall inform each other of their respective energy control procedures 

Per NFPA 70E, when ARCADIS contracts with a subcontractor to perform electrical work, it 
serves as the Host Employer and has certain responsibilities and will inform the subcontractor 
of: 

• Known electrical hazards that are related to the subcontractor’s work, and that might 
not be recognized by the subcontractor or its employees.  If work is being performed by 
a subcontractor on client owned and operated equipment, ARCADIS will coordinate 
communication to verify that the electrical subcontractor has the required information. 

 
• Information about ARCADIS’ installation that the subcontractor needs to make the 

appropriate electrical hazard assessments and analyses 
 

In addition, ARCADIS will report observed subcontractor-related issues related to electrical 
safety as appropriate. 
 
The ARCADIS subcontractor will: 

  
• Ensure that each of its employees is instructed in the hazards communicated to it by 

ARCADIS in addition to ensuring that its employees meet all training and qualification 
requirements of NFPA 70E and OSHA. 
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• Ensure that each of its employees follow the work practices required by this HSS, the 
NFPA 70E standard, and the project HASP. 

 
• Advise ARCADIS of: 

 
- Any unique hazards presented by the subcontractor’s work. 

 
- Any unanticipated hazards found during the subcontractor’s work that ARCADIS 

did not mention. 
 

- The measures the subcontractor took to correct any issues identified or raised by 
ARCADIS to the subcontractor and to prevent them from occurring again. 

5.2 Electrical Energy Control Program 

This Electrical Energy Control Program procedure provides general information and work 
requirements for ARCADIS employees working on projects. A project-specific Electrical 
Energy Control Program, which includes an electrical safety analysis to be performed as part 
of the Health and Safety Plan (HASP) development, is established for each project site where 
ARCADIS’ personnel perform work on hazardous energy sources. The following elements are 
required in a project-specific Electrical Energy Control Program: 

5.2.1 General Requirements 

• All electrical equipment used on the project or activity is listed by a national testing 
laboratory for the specific application for which it is used. 

• All electrical equipment, which is routinely serviced or is being troubleshooting while 
energized by ARCADIS/subcontractor, is inventoried and listed in the project Health and 
Safety Plan (HASP). 

• All electrical equipment (e.g. switchboards, panel boards, industrial control panels, motor 
control centers, etc.) in areas that are likely to require examination, adjustment, servicing 
(trouble-shooting), or maintenance while energized, are labeled (NFPA 70E compliant) to 
warn Qualified Persons and others of the potential electrical shock and arc flash hazards. 
The marking label will be located on the equipment so that the label is clearly visible to 
those qualified person(s) performing work or those who are not qualified. Examples of 
NFPA 70E compliant marking labels are provided in Exhibit 1. 

– Note: Exempted from arc and shock labeling requirements are equipment or 
appliances which are equipped with a cord and disconnectable plug or which operate 
on 120V alternating current (AC) or less. Such equipment is to be serviced in the 
totally de-energized state by unplugging the AC cord.  

– Safety-related work practices are employed by Qualified Persons to prevent electric 
shock or other injuries resulting from either direct or indirect electrical contacts, when 
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work is performed near or on equipment or circuits that are or may be energized 
(consistent with their training and with specific energy control procedures). 

• The specific safety-related work practices are consistent with the nature and extent of the 
associated electrical hazards. 

• System enclosures containing multiple energy sources are required to be appropriately 
labeled with a label warning of multiple energy sources, and directing operation 
personnel to the procedure for eliminating all alternate sources of energy. 

• Live parts to which an employee may be exposed are de-energized before the employee 
works on or near them, unless it is demonstrated that de-energizing introduces additional 
or increased hazards or is infeasible due to the work requiring the equipment to be 
energized, equipment design or operational limitations. 

• Live parts that operate at less than 50 volts to ground need not be de-energized if there is 
no increased exposure to electrical burns or to explosion due to electric arcs. 

• Visual inspection of portable cord and plug connected equipment and flexible cord sets 
(extension cords) is conducted before use on any shift for external defects (such as loose 
parts, deformed and missing pins, or damage to outer jacket or insulation) and for 
evidence of possible internal damage (such as pinched or crushed outer jacket). Cord 
and plug connected equipment and flexible cord sets (extension cords) that remain 
connected once they are put in place and are not exposed to damage need not be 
visually inspected until they are relocated. 

• If there is a defect or evidence of damage that might expose an employee to injury, the 
defective or damaged item are removed from service, and no employee may use it until 
repairs and tests necessary to render the equipment safe have been made. 

• When an attachment plug is to be connected to a receptacle (including on a cord set), the 
relationship of the plug and receptacle contacts shall first be checked to ensure that they 
are of proper mating configurations. 

• If the exposed live parts are not de-energized (e.g., for reasons of increased or additional 
hazards or infeasibility), other safety-related work practices are used to protect 
employees who may be exposed to the electrical hazards involved. 

• Such work practices serve to protect employees against contact with energized circuit 
parts directly with any part of their body or indirectly through some other conductive 
object. 

• When working outside or in damp or wet environments, only Ground Fault Circuit 
Interrupters (GFCI) or GFCI protected receptacles shall be used. 
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• Employees may not enter spaces containing exposed energized parts, unless illumination 
is provided that enables the employees to perform the work safely.  Where lack of 
illumination or an obstruction precludes observation of the work to be performed, 
employees may not perform tasks near exposed energized parts. Employees may not 
reach blindly into areas which may contain energized parts. 

• Conductive articles of jewelry and clothing (such a watch bands, bracelets, rings, key 
chains, necklaces, metalized aprons, cloth with conductive thread, or metal headgear) 
may not be worn if they might contact exposed energized parts. Note: However, such 
articles may be worn if they are rendered nonconductive by covering, wrapping, or other 
insulating means. 

• For conductive materials and equipment that are in contact with any part of an 
employee's body, employees are instructed (through daily tailgate meetings, job briefings, 
review of the health and safety plan, etc.) to handle these materials/equipment  in a 
manner that will prevent them from contacting exposed energized conductors or circuit 
parts. If an employee must handle long dimensional conductive objects (such as ducts 
and pipes) in areas with exposed energized electrical parts, the work practices will be 
instituted (such as the use of insulation, guarding, and material handling techniques) to 
minimize the hazard. 

5.2.2 Working on or Near Exposed De-energized Electrical Equipment Requirements 

See ARCADIS Standard Operating Procedure ARC HSFS004 - Control of Hazardous Energy 
for LO/TO requirements. 

5.2.3 Disconnecting and Over-current Protection Requirements 

• All circuits are protected from over-current conditions based upon the current-carrying 
capacity of the conductors being used. Note: The only grounded conductor that can be 
opened without opening all other phase conductors is the control circuit neutral of a 
starter via an auxiliary contact of the overload but only if the overload relay and motor 
contactor are in the same enclosure.   

• No overcurrent devices are incorporated into any permanently grounded conductor 
unless the device opens all conductors simultaneously.  

• Overcurrent protection devices, circuit breakers, and disconnect switches are placed so 
that they are readily accessible for maintenance and use, reasonably protected from 
physical damage, and located, shielded, or enclosed to prevent personal injury from 
arcing, moving parts, or accidental operation. No easily ignitable materials are placed in 
the vicinity of any overcurrent protection devices. 

• Circuit breakers and disconnect switches are clearly labeled to indicate the energized 
and de-energized positions, as well as the equipment or circuit it supplies. All circuit 
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breaker panels fuse boxes, and control panels are securely mounted and constructed 
with close fitting doors or panels to prevent unauthorized access or injury.   

• All circuit breaker fused switches and non-fused switches used as a disconnect means 
shall be capable of being locked in the off position. 

• All electrical panels, devices, and boxes located out of doors or in wet locations are 
placed in a weatherproof enclosure or cabinet. 

5.2.4 Grounding Requirements 

• All electrical circuits are grounded in accordance with NEC and National Electric Safety 
Code (NESC) regulations. Any conductor used as a ground is clearly identifiable and 
distinguishable from all other conductors. 

• Any grounded conductor or grounding terminal on a receptacle, cord, or device is not 
utilized for any purpose other than grounding. 

• NEC 250.52(A)(5) states: “Rods and pipe electrodes shall not be less than 2.44 m (8 ft.) 
in length. 

• NEC 250.52(A) (5)(b) states, “Grounding electrodes of stainless steel and copper or zinc 
coated steel shall be at least 15.87 mm (5/8 in.) in diameter, unless listed and not less 
than 12.70 mm (1/2 in.) in diameter.” Listing agencies CSA, ETL, MET, UL, etc., will only 
list rods that are greater than ½ inch in diameter and that have the correct minimum 
amount of copper or zinc (galvanized) mil thickness coating. 

• All grounding rods are tested after installation with a suitable earth/ground resistance 
tester to ensure minimal resistance (25 ohms or less). If the resistance measurement is 
greater than 25 ohms, an additional grounding rod must be installed at least 6 feet from 
the original grounding rod, and bonded together (with the correct size bonding jumper 
according the sizing table of Article 250) to create one grounding electrode. 

• Equipment grounding conductors shall be sized not less than the minimum conductor 
size listed in the equipment grounding conductor sizing table of Article 250 of the latest 
edition of the NEC. Equipment grounding conductors are sized based on the overcurrent 
protective device and not the ungrounded conductor size. 

• When temporarily bonding and grounding equipment, the leads are attached to the 
grounding point first. When disconnecting temporary bonding or grounding leads, 
disconnect the grounding point last. Appropriate PPE must be worn according to NFPA 
70E safe work practices. 

• The equipment end is attached and removed using insulated tools or similar means.  
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• Prior to use, all equipment, receptacles, electrical power tools, portable light strings, cord-
sets, etc., are inspected and instrument tested by a qualified person to ensure ground 
circuit continuity. 

• Additional tests are performed prior to returning equipment to service following repairs, or 
an incident that may have caused damage, or at intervals not to exceed three months. All 
tests are recorded, including equipment type and number, repairs made, and date of test. 
No equipment, tool, or devices are put into service if damaged. 

• All portable tools, lights, or devices utilize three-conductor, grounded cord-sets unless 
protected by an approved system of double insulation. All temporary 120-volt, single 
phase, 15- and 20-ampere receptacles are installed with GFCI for personal protection. 
GFCI receptacles shall be tested to ensure proper operation. If the test button does not 
trip the receptacle, a portable in-line GFCI protective device shall be used.  

• Where permanent receptacles are installed without GFCI protection, in-line GFCI 
receptacles are utilized between the permanent receptacle and the portable powered 
device. 

5.2.5 Temporary Wiring Requirements 

• General 

– A certified, licensed electrician installs temporary wiring.  

– Any portable lighting units will have a protective guard surrounding the light bulb. 

– Spent light bulbs are replaced promptly and disposed of according to federal, state, 
provincial, local jurisdiction, or client requirements. 

– No exposed or empty sockets are permitted. 

– If any receptacles are required for use in wet locations, they are contained in a 
weatherproof enclosure. The integrity of the weatherproof enclosure is not affected 
when a plug is inserted. 

– Extension cords are not fastened with staples, hung from nails, or suspended by 
wire. 

– Temporary light strings are not suspended by their cords unless specifically designed 
for that purpose. Each lamp is equipped with a suitable guard. 

– All temporary lighting exposed to wet or hazardous conditions in confined spaces are 
operated at a maximum of 12 volts and protected by an approved switch near the 
entrance to interrupt the power in the event of an emergency. 
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– Extension cords are placed so as not to be damaged by sharp objects, moving 
equipment, or excessive heat. Note: Multiple extension cords should not be used to 
extend the overall length. An extension cord current rating is based on the cord’s 
length. A short cord will have smaller conductors for a given current rating than a 
longer cord of the same current rating. This is due to the impedance of the conductor. 
A shorter cord has less impedance. The manufacturer picks a conductor size at the 
cord length that when the rated current is applied to the cord, the voltage drop is 
insignificant. If the cord is extended by plugging in another cord, the impedance goes 
up and in order to have no appreciable voltage drop, the current, must be less. If the 
same current were applied to the extended cord, it could overheat. Therefore, a cord 
should be selected with the length needed for the current rating needed. Longer 
cords for a given current rating have larger conductors than shorter cords for the 
same current rating. 

– Connectors are placed above ground and protected from water, and cords are either 
suspended above walkways or covered to eliminate tripping hazards and protect the 
cord from damage. 

– Cords are not suspended by conductive material. 

– All cord sets used in wet locations will have approved plugs molded to the cord 
insulation, and all receptacles used in wet locations are contained in a weatherproof 
enclosure that is not affected when a cord-set is inserted. 

5.2.6 Working Space about Electric Equipment  

• Sufficient access in the vicinity of and working space is provided and maintained about all 
electric equipment to permit ready and safe operation and maintenance of such 
equipment. See the most current NEC for working clearance requirements. 

• The dimension of the working space in the direction of access to live parts operating at 
600 volts or less and likely to require examination, adjustment, servicing (trouble-
shooting), or maintenance while alive may not be less than indicated in Table A. In 
addition to the distances shown in Table A, workspace may not be less than 30 inches 
wide in front of the electric equipment. Working space is not required in back of 
assemblies such as dead-front switchboards or motor control centers where there are no 
renewable or adjustable parts such as fuses or switches on the back and where all 
connections are accessible from locations other than the back. 
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Table A - Working Clearances 

 Minimum Clear Distance for Condition (ft) 

Nominal voltage to 
ground  

a b c 

0-150 3 3 3 

151-600 3 3 ½ 4 

Conditions a, b, and c, are as follows:  

 Exposed live parts on one side and no live or grounded parts on the other side of the 
working space, or exposed live parts on both sides effectively guarded by suitable 
wood or other insulating material. Insulated wire or insulated bus-bars operating at not 
over 300 volts are not considered live parts.  

 Exposed live parts on one side and grounded parts on the other side.  

     Exposed live parts on both sides of the workspace [not guarded as provided in 
Condition a] with the operator between. 

  

5.2.7 Guarding of Live Parts 

Except as required or permitted elsewhere, live parts of electric equipment operating at 50 
volts or more are guarded against accidental contact by approved cabinets or other forms of 
approved enclosures.  This guarding is to be accomplished by suitable permanent, 
substantial partitions or screens so arranged that only Qualified Persons will have access to 
the space within reach of the live parts. Any openings in such partitions or screens are so 
sized and located that persons are not likely to come into accidental contact with the live 
parts or to bring conducting objects into contact with them. 

5.3 Energized Electrical Work Permit Requirement 

When working on energized electrical conductors or circuit parts that are not placed in an 
electrically safe work condition (i.e., for the reasons of increased or additional hazards or 
infeasibility per section 130.1 of NFPA 70E), work to be performed shall be considered 
energized electrical work and shall be performed by written permit only. The energized 
electrical work permit shall include, but not be limited to, the following items: 

1. A description of the circuit and equipment to be worked on and their location 

2. Justification for why the work must be performed in an energized condition 

3. A description of the safe work practices to be employed 
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4. Results of the shock hazard analysis or technique that will be used to determine 
appropriate PPE.  The standard tables with designated protection in the NFPA 70E 
standard or attached hazard Task Hazard Assessments may be used in lieu of a 
shock hazard analysis.  If a shock hazard analysis is conducted it must be performed 
by a Qualified Person with advanced training in the NFPA standard and calculation of 
shock hazards. 

5. Determination of shock protection boundaries 

6. Results of the arc flash hazard analysis 

7. The arc flash protection boundary 

8. The necessary personal protective equipment to safely perform the assigned task 

9. Means employed to restrict the access of unQualified Persons from the work area 

10. Evidence of completion of a job briefing, including a discussion of any job-specific 
hazards 

11. Energized work approval (authorizing or responsible management, safety officer, or 
owner, etc.) 

Refer to Exhibit 2 for an Energized Electrical Work Permit. 

Exemptions to Energized Electrical Work Permit Requirements. Work performed within 
the Limited Approach Boundary of energized electrical conductors or circuit parts by Qualified 
Persons related to tasks such as testing, troubleshooting, voltage measuring, etc., shall be 
permitted to be performed without an energized electrical work permit, provided appropriate 
safe work practices and personal protective equipment are provided and used. If the purpose 
of crossing the Limited Approach Boundary is only for visual inspection and the Restricted 
Approach Boundary will not be crossed, then an energized electrical work permit shall not be 
required. 

5.4 Voltage Meters 

5.4.1 Work Practice Controls 

This section identifies general work practice controls that employees are expected to comply 
with while using handheld electrical measurement tools (voltage meters). ARCADIS Electrical 
Safety standard controls include, but are not limited to, the following: 

• Only Qualified Persons shall perform testing work within the Limited Approach Boundary 
of energized electrical conductors or circuit parts operating at 50 volts or more 

• Every electrical conductor or circuit part must be considered energized until proven 
otherwise. 

• No bare-hand contact is to be made with exposed energized electrical conductors or 
circuit parts above 50 volts to ground. 
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• De-energizing an electrical conductor or circuit part and making it safe to work on is in 
itself a potentially hazardous task. 

• Use a logical approach to determine potential hazard(s) of task. 

• Assess the environment before taking the measurement. 

• Do not work alone in hazardous areas. 

• Wear appropriate Personal Protective Equipment (PPE) as determined by NFPA 70E. 
Refer to the Electrical Task Hazard Assessment sheets. 

• Make sure your volt meter is rated for the measurement environment. 

• Be familiar with and know how to use your test equipment prior to any hazardous 
measurements. 

• Inspect your meter prior to every use:  check for a broken case, worn test leads or a 
faded display. Use the meter’s own continuity testing function to check for internal breaks 
and check test lead resistance: 

1. Insert lead in V/Ω and COM inputs. 

2. Select Ω, touch probe tips. Good leads are 0.1 – 0.3 Ω 

• Use the meter’s own test capability to ensure that the fuses are in place and working 
right: 

1. Plug test lead in V/Ω input. Select Ω 

2. Insert probe tip into mA input. Read value. 

3. Insert probe tip into A input. Read Value. 

A good fuse should show a value close to zero. Check your meter manual for the 
specified range of acceptable readings. 

• It is a good practice to measure voltage at the point of the lowest available energy. For 
example, if you are measuring voltage on a breaker panel, identify the lowest-rated 
breaker available, and make your measurement there. This way, you have more 
protection between yourself and the potential hazard. 

• Effective steps should be taken to obtain the best reading within the necessary envelope 
of safety. If conditions require that both of your hands remain free for a safe 
measurement, set the instrument down; use the instrument’s bail stand (if it has one). 
Better yet, use a magnetic hanger to hang the unit at eye level on the edge of the panel. 
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Don’t try to watch the meter while you make your measurement - always keep your eyes 
on your test probes. 

• When taking single-phase measurements, always connect the neutral lead first, the hot 
lead second. After taking your reading, disconnect the hot lead first, the grounded lead 
second. 

• When testing for voltage, use the three point test method. 

1. Test a similar known live circuit first 

2. Test the “circuit to be tested” 

3. Re-test the first known live circuit. 

This process verifies your test instrument is working properly - an important part of your 
personal safety. 

• When making measurements in or around high energy three phase distribution panels, 
use test probes with a minimum amount of exposed metal at the probe tips, such as .12 
in (4 mm) metal tip probes. This reduces the risk of an accidental arc flash from probe 
tips being inadvertently shorted together between phases. 

• Keep one hand in your pocket or out of the panel and the measurement circuit. You don’t 
want to offer a closed circuit. Whenever possible, use a properly rated alligator clip to 
attach the black test lead to the circuit under test. This gives you a free hand to probe 
with the red test lead. 

• ARCADIS has completed various task related electrical hazard assessments for 
employee review and reference. If a hazard assessment has not been conducted, 
employees must use Stop Work Authority and complete a Hazard Analysis before 
proceeding. Refer to Exhibit 8 for the Electrical Task Hazard Analysis. 

5.4.2 Voltage Meter Requirements 

Voltage meters used by employees must be certified as meeting IEC 61010-1 by third party 
independent testing laboratories. Recognized independent third party testing laboratories 
include the Canadian Standards Association (CSA), Technischer Überwachungsverein 
(TUV), or Underwriters Laboratory (UL). The independent testing laboratory's mark shall 
appear on the exterior of the instrument. 

Note: Instruments for use in North America shall be UL listed and CSA certified to the 
following standards: 

• UL 3111-1 "Standard for Safety for Electrical Measuring and Test Equipment, Part 
1” – General Requirements 
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• UL 3111-2-031 "Handheld Probe Assemblies for Electrical Measurement and 
Test" 

• UL 3111-2-032 "Standard for Safety for Handheld Current Clamps for Electrical 
Measurement and Test" 

• CSA C22.2.1010 "Safety Requirements for Electrical Equipment for Measurement, 
Control, and Laboratory Use – General Requirements" 

• ISA/ANSI 82.01 "Safety Standard for Electrical and Electronic Test Measuring, 
Controlling, and Related Equipment – General Requirements" 

Note: Instruments for use in Europe shall be CE marked and listed by third party 
independent testing laboratories. 

Voltage testing equipment for general use must be a Category III meter rated at 600 Volts for 
protection against transient voltages (IEC 61010-1). Instruments used outdoors or in 
outbuildings shall be at least IEC 61010-1 Category IV at 600 Volts. Dependant on the 
application, it may be necessary to specify instruments capable of measuring higher voltages. 
All handheld electrical measurement tools used by employees shall be rated for the nominal 
voltage of the system or component being measured. (refer to Exhibit 4) 

As specified in IEC 61010-1, section 9.5.2, overcurrent protection shall be provided within the 
instrument, and not in the probes or leads. Overcurrent protection shall not be incorporated in 
instrument probes, so as to prevent a false negative reading while measuring energized 
equipment. Overcurrent protection may be in the form of fuses, circuit breakers, thermal 
cutouts, and impedance–limiting circuits or similar means to prevent excessive energy from 
being drawn into the instrument. 

The design of the instrument probes shall minimize the potential for contact with exposed 
energized parts while performing measurements. Handheld electrical measurement tools 
shall be equipped with spring-loaded, retractable covers on the instrument probes or flared 
finger guards. The maximum exposed probe length shall not exceed ¾ inch (1.90 cm) 

Handheld electrical measurement tools shall be inspected before each use for damaged 
insulation on leads and other obvious physical damage. Damaged test instruments shall not 
be used until authorized repairs have been completed. 

All handheld electrical measurement tools shall be tested prior to, and after use, with a known 
energized electrical source to ensure that the instrument is functioning correctly (Live-Dead-
Live approach). 

Handheld electrical measurement tools shall not be modified without the written consent of 
the original equipment manufacturer. The replacement of any defective components must be 
with identical components to the original or as authorized by the original equipment 
manufacturer. 
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5.5 Approach Boundaries to Energized Electrical Conductors or Circuit Parts 

5.5.1 Shock Hazard Analysis 

A shock hazard analysis shall determine the voltage to which personnel will be exposed, 
boundary requirements, and the personal protective equipment necessary in order to 
minimize the possibility of electric shock to personnel. 

5.5.2 Shock Protection Boundaries 

The shock protection boundaries identified as Limited, Restricted, and Prohibited Approach 
Boundaries are applicable to the situation in which approaching personnel are exposed to 
energized electrical conductors or circuit parts. Reference NFPA 70E Table 130.2(C) for the 
distances associated with various system voltages. 

In certain instances, the Arc Flash Protection Boundary might be a greater distance from the 
exposed energized electrical conductors or circuit parts than the Limited Approach Boundary. 
The Shock Protection Boundaries and the Arc Flash Hazard Boundary are independent of 
each other. 

5.6 Training, Qualification, and Equipment Requirements 

5.6.1 Qualified Persons 

"Qualified Person" definitions: 

• Level I:  Qualified to work on energized 50 - 120 VAC control systems on qualified 
sites (Qualified sites have been audited for NFPA 70E Hazard Analysis, and have 
been assigned a value of 0 or 1 in regards to hazard risk categories as determined by 
NFPA 70E.  Other requirements will be discussed).  This is the lowest level of 
qualified individual in the qualification management system.  The prerequisites 
include training and expertise in the use of a digital voltmeter, schematic diagram 
interpretation and training in all applicable electrical safety programs, including NFPA 
70E and LOTO.  This assumes that the employee is equipped with all applicable PPE 
and all appropriate tools and metering equipment. 

• Level II:  Qualified to work on energized 120 VAC control systems on qualified sites 
(see above), and to service de-energized switchgear of operating voltages of up to 
600 VAC.  This Qualification level allows qualified individuals the opportunity to 
service deenergized 480 VAC equipment, including such tasks as changing fuses, 
testing components, visual inspections, etc.  It will not permit work on any exposed, 
energized 480 VAC circuits or switchgear. 

• Level III Qualified Persons are qualified to work on energized power systems and 
controls up to 600 VAC providing an Energized Electrical Work Permit is completed 
(excluding troubleshooting activities) and approved and appropriate PPE and safe 
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work practices are employed.  This includes motor controls, switchgear and variable 
frequency drives of 600 VAC or less. 

• Level IV:  Qualified to work on electrical systems of greater than 600 VAC. 

• In addition, this standard applies to Infrastructure and PM/CM staff that provide 
oversight of System/Electrical Installs:  There will be situations where engineers 
and/or construction oversight personnel will need to be within the arc flash boundary 
to perform inspections/oversight of work completed by subcontractors or Qualified 
Personnel. These staff will need the NFPA 70E training as well and must wear all 
appropriate PPE as outlined within this HSS and NFPA 70E. 

5.6.2 Electrical Hazards  

Employees who face a risk of electrical hazards by the electrical installation (e.g., systems 
that meet the National Electrical Code and OSHA requirements) are trained per the 
requirements described below. Employees in these groups do not require training if their work 
does not bring them within the Limited Approach Boundary (as determined by NFPA 70E 
Table 130.2(C)) of electric circuits—operating at 50 volts or more to ground—for a hazard to 
exist. Note: Persons outside the arc flash boundary wearing no arc flash protection may still 
receive second-degree burns, which are considered “curable” burns. 

5.6.3 Energized Parts 

Qualified persons working on or near exposed energized parts receive training in the 
following: 

• The skills and techniques necessary to distinguish exposed energized parts from other 
parts of electric equipment. 

• The skills and techniques necessary to determine the nominal voltage of exposed live 
parts.  

• The clearance distances specified for working on or near exposed energized parts and 
the corresponding voltages to which the qualified person will be exposed. 

• Trained in the latest requirements of NFPA 70E. 

5.6.4 Energized Equipment 

Qualified persons’ whose work on energized equipment involves either direct contact, or 
contact by means of tools or materials, are trained on how to work safely on energized 
circuits. This training includes the precautionary work practices, personal protective 
equipment, insulating and shielding materials, and the use of insulated tools. Exposed live 
work must not be done without an Energized Electrical Work Permit. (Exhibit 2 and NFPA 70 
E, Annex J).  
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5.6.5 Qualified and Unqualified Employee Training  

Training for qualified employees will involve classroom and on-the-job training, as 
appropriate. This training involves some customization to reflect the scope of work performed 
within project or type of equipment (e.g. PCL cabinets, etc.).  The training course will be 
approved by Corporate H&S. 

Unqualified employees (those who do not work on equipment-including trouble shooting) will 
at a minimum, complete an approved on-line electrical safety awareness course that 
discusses to some degree NFPA 70E, including [but not limited to] compliance with the 
Limited Approach Boundaries for shock protection as determined by NFPA 70E Table 
130.2(C). 

5.6.6 Training Timeframe  

Training is performed before the employee is assigned duties involving work around or on 
electrical systems (including trouble-shooting). 

5.6.7 Ongoing Training  

Retraining and refresher training is performed whenever inspections indicate that an 
employee does not have the necessary knowledge or skills to safely work on or around 
electrical systems. Retraining is also performed when policies or procedures change, NFPA 
70E or OSHA Standard is revised/updated and/or new equipment or systems are introduced 
into the work area. 

5.7 Personal Protective Equipment Related to Hazard Analysis and Hazard Risk 
Category Classification 

To determine the appropriate PPE necessary to conduct electrical work on energized 
equipment, it is necessary to complete an electrical hazard analysis of the equipment as 
discussed in section 5.2.  This hazard analysis will be conducted on projects where exposed 
energized equipment will require maintenance, troubleshooting or be encountered.  The 
hazard analysis will result in determining  Hazard Risk Categories  of 0 through 4  by applying 
Tables 130(C)(9) in the current NFPA 70E.  Based on the determined category, the 
appropriate PPE will be specified for the job as specified in the table shown in Exhibit 3. 

The Electrical Task Hazard Assessments, included as Exhibit 8, have been generated for 
typical ARCADIS staff activities associated with energized electrical equipment. These 
Electrical Task Hazard Assessments detail the Shock Protection Boundaries (Limited, 
Restricted and Prohibited), Flash protection boundary, Hazard/Risk Category, Need for 
Voltage-Rated Tools or Gloves, and Required PPE, including FR clothing rating  (and can be 
used in lieu of a shock hazard analysis) 

Nonmelting, flammable fiber garments shall be permitted to be used as underlayers in 
conjunction with FR garments in a layered system for added protection. If nonmelting, 
flammable fiber garments are used as underlayers, the system arc rating shall be sufficient to 
prevent breakopen of the innermost FR layer at the expected arc exposure incident energy 
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level to prevent ignition of flammable underlayers. Meltable fibers such as acetate, nylon, 
polyester, polypropylene, and spandex shall not be permitted in fabric underlayers 
(underwear) next to the skin (exception:  an incidental amount of elastic used on nonmelting 
fabric underwear or socks shall be permitted). 

5.8 Program Auditing 

On occasion, the ARCADIS electrical safety program will be audited (Loss Prevention 
Observations or similar) to help ensure that the principles and procedures of the electrical 
safety program are being followed. The frequency of audit shall be determined by Project 
Managers, based on the complexity of the procedures and the type of work being covered. 
Where the audit determines that the principles and procedures of the electrical safety 
program are not being followed, appropriate corrective actions/revisions will be made. 

6. TRAINING 

See below references for training requirements.  In addition, training requirements are outlined in 
Section 5 above. 

7. REFERENCE DOCUMENTS AND ASSOCIATED STANDARDS 

7.1 National Electrical Code (NEC) - NFPA 70 

The NEC is the accepted standard for protection of persons and property from electrical 
installations. Familiarization with NFPA 70 is required for any one whose responsibility is 
designing, installing, verifying and maintaining safe and compliant electrical systems. 
Information can be found through the NFPA website with a membership or printed and 
electronic versions of the code can be purchased from NFPA and other suppliers. 

7.2 National Electrical Installation Standards 

The NEIS gives definition to "neat and workmanlike manner" as required by the National 
Electrical Code. Each standard is submitted for approval by the American National Standards 
Institute (ANSI). 

7.3 National Electrical Safety Code (NESC) 

The NESC is a product of the Institute of Electrical and Electronics Engineers (IEEE). This 
code provides information on the installation, operation, and maintenance of electrical 
systems. The intent of the publication is the safeguarding of persons performing the work. 
Information, like the NEC, is available with IEEE membership or by buying a printed or 
electronic version of the code. 

7.4 National Fire Protection Association (NFPA) 

The NFPA is the definitive source for everything related to fire protection. The association has 
developed numerous standards that have been adopted by federal, state, and local 
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jurisdictions as enforceable standards. The NFPA website has plenty of free information but 
more specific information is restricted to members only. 

7.5 National Institute for Occupational Safety and Health (NIOSH) 

NIOSH is similar in mission to OSHA but differs by the singular perspective that NIOSH is the 
federal agency responsible for the prevention of work related disease and injury, and is part 
of the Centers for Disease Control and Prevention. 

7.6 Occupational Health and Safety Administration (OSHA) 

OSHA is the main governmental source for effective safety practices. The OSHA website is a 
vast, readily accessible information resource with a thorough search engine. 

7.7 NFPA 70E: Standard for Electrical Safety in the Workplace 

This standard addresses electrical safety requirements for employee workplaces that are 
necessary for the practical safeguarding of employees during activities such as the 
installation, operation, maintenance, and demolition of electric conductors, electric 
equipment, signaling and communications conductors and equipment, and raceways for the 
following:  

1. Public and private premises, including buildings, structures, mobile homes, recreational 
vehicles, and floating buildings 

2. Yards, lots, parking lots, carnivals, and industrial substations FPN 

3. Installations of conductors and equipment that connect to the supply of electricity 

4. Installations used by the electric utility, such as office buildings, warehouses, garages, 
machine shops, and recreational buildings, that are not an integral part of a generating 
plant, substation or control center. 

7.8 Other related ARCADIS Documents: 

Control of Hazardous Energy Procedure (ARC HSFS004) Exhibit 2 – Energized Electrical 
Work Permit 

8. RECORDS 

• Audit Records 

• Inspection and testing records 

• Complete Energized Electrical Work Permits 
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9. APPROVALS AND HISTORY OF CHANGE 

Approved by: Mija A. Coppola, Corporate Director of Health & Safety 

 

                                          History of Change 

Revision Date Revision Number Reason for change 

26 March 2007 01 Original document 

28 June 2007 02 Enhanced for regulatory requirement 
additions 

6 September 2007 03 Changing over to new template format 

25 February 2008 04 Template change 

10 March 2009 05 Modified to address elements of NFPA 
70E and based on review of procedure.  
Process improvements 

6 September 2010 06 Changed author from Mike Thomas to 
Tony Tremblay.   Electrical Task Hazard 
Assessment Sheets inserted; NFPA 70E 
reference tables added; Energized 
Electrical Work Permit requirement 
clarified; Grounding Rod information 
added; LO/TO program reference 
included; Tagging of defective 
equipment language added; Reference 
to hand/power tools HS Standard added; 
Level III Qualified Electrical person 
definition modified; Volt Meter Specific 
Information added. 

14 April 2011 07 Section 5.8 Program Auditing added and 
clarified use of NFPA 70E compliant 
labels on equipment 
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Exhibit 1 - Definitions 

Following are terms and definitions used in the electrical safety standard and associated procedures. 

Affected Employee - An employee/worker whose job requires him/her to operate or use a machine or 
equipment on which servicing or maintenance is being performed under lock-out/tag-out, or whose job 
requires him/her to work in an area where servicing or maintenance is being performed. An affected 
employee is not allowed to apply or remove locks or tags. 

Arc Flash Hazard – A dangerous condition associated with the possible release of energy caused by an 
electric arc.  An arc flash hazard may exist when energized electrical conductors or circuit parts are 
exposed or when they are within equipment in a guarded or enclosed condition, provided a person is 
interacting with the equipment in such a manner that could cause an electric arc. Under normal operating 
conditions, enclosed energized equipment that has been properly installed and maintained is not likely to 
pose an arc flash hazard. Refer to NFPA 70E Table 130.7 (C)(9) for examples of activities that could pose 
an arc flash hazard. 

Arc Flash Hazard Analysis – A study investigating a worker’s potential exposure to arc flash energy, 
conducted for the purpose of injury prevention and the determination of safe work practices, arc flash 
protection boundary, and the appropriate levels of PPE. 

Arc Flash Protection Boundary – An approach limit at a distance from exposed live parts, within which 
a person could receive greater than a second-degree burn if an electrical arc flash were to occur. In those 
cases where detailed arc flash hazard analysis calculations are not performed for systems that are 
between 50 volts and 600 volts, the Arc Flash Protection Boundary shall be 4.0 ft, based on the product of 
clearing time of 2 cycles (0.033 sec) and the available bolted fault current of 50 kA or any combination not 
exceeding 100 kA cycles (1667 ampere seconds). When the product of clearing times and bolted fault 
current exceeds 100 kA cycles, the Arc Flash Protection Boundary shall be calculated. 

Arc Flash Suit – A complete Flame Resistant (FR) clothing and equipment system that covers the entire 
body, except for the hands and feet.  This includes pants, jacket and beekeeper-type hood fitted with a 
face shield. 

Authorized Employee - An employee/worker who locks out or tags out machines or equipment in order 
to perform servicing or maintenance on that machine or equipment. Only authorized employees may 
apply or remove locks or tags. 

Bonding - Bonding is the conductive connection of all non-current-carrying metal parts for the purpose of 
providing a low-resistance, effective fault-current path from the point of a fault back to the source of 
electricity, which is the closest transformer upstream from the faulted circuit. Connected to establish 
electrical continuity and conductivity. 

Because of the water factor, it is very important to bond ALL non-circuit metal parts together to form a 
single bonding path back to the source of electricity. 

Cabinet - An enclosure designed either for surface or flush mounting, and provided with a frame, mat, or 
trim in which a swinging door or doors are or may be hung. 

Certified - Equipment is "certified" if it (a) has been tested and found by a nationally recognized testing 
laboratory (e.g. UL certified) to meet nationally recognized standards or to be safe for use in a specified 
manner, or (b) is of a kind whose production is periodically inspected by a nationally recognized testing 
laboratory, and (c) it bears a label, tag, or other record of certification.  



 ARCADIS HS Standard Name 
Electrical Safety Standard 

Revision Number 
07 

Implementation Date 
26 March 2007 

ARCADIS HS Standard No. 
ARC HSFS0006 

Revision Date 
14 April 2011 

Author 
Tony Tremblay 

Page E2 of E20 Approver 
Mija Coppola 

 
Circuit breaker  

• 600 volts nominal, or less - A device designed to open and close a circuit by non-automatic means 
and to open the circuit automatically on a predetermined overcurrent without damage to itself when 
properly applied within its rating. 

• Over 600 volts, nominal - A switching device capable of making and opening a circuit current paths 
under normal and abnormal circuit conditions, including short circuit conditions.   

Conductor 

• Bare - A conductor having no covering or electrical insulation whatsoever. 

• Covered - A conductor encased within material of composition or thickness that is not recognized as 
electrical insulation. 

• Insulated - A conductor encased within material of composition and thickness that is recognized as 
electrical insulation.  

Deenergized - Free from any electrical connection to a source of potential difference and from electrical 
charge; not having a potential different from that of the earth. 

Device - A unit of an electrical system that carries or controls electric energy as its principal function.  

Disconnecting Means - A device, or group of devices, or other means by which the conductors of a 
circuit can be disconnected from their source of supply. 

Electrical Safe Condition – Per NFPA 70E, an electrical safety condition is achieved by completing all of 
the following: 

• Determine all sources of electrical supply (drawings, diagrams, etc.) 

• Open disconnecting device for each source 

• Visually verify all blades of disconnecting devices are fully open or drawout-type breakers are 
withdrawn 

• Apply lockout/tagout devices in accordance with AUS Control of Hazardous Energy 
(Lockout/Tagout) Standard (ARC HSFS004) 

• Test each phase conductor using adequately rated voltage detector 

• Ground phase conductors where possibility exists for induced or stored energy 

Electric Shock Hazard – A dangerous condition associated with the possible release of energy caused 
by contact or approach to energized electrical conductors or circuit parts. 

Enclosed - Surrounded by a case, housing, fence or walls which will prevent persons from accidentally 
contacting energized parts.  

Enclosure - The case or housing of apparatus, or the fence or walls surrounding an installation to prevent 
personnel from accidentally contacting energized parts, or to protect the equipment from physical 
damage.  
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Energized - Connected to an energy source or containing residual or stored energy. 

Energized Electrical Conductors and Circuit Parts – Safe Work Condition:  Energized electrical 
conductors and circuit parts to which an employee might be exposed shall be put into an electrically safe 
work condition before an employee works on or near them, unless work on energized components can be 
justified. Refer to LFR LO/TO Program. 

Energized Electrical Conductors and Circuit Parts – Unsafe Work Condition:  Only “Qualified 
Persons” shall be permitted to work on electrical conductors or circuit parts that have not been put into an 
electrically safe work condition. 

Energy Isolating Device - A mechanical device that physically prevents the transmission or release of 
energy, including but not limited to a manually operated electrical circuit breaker, a disconnect switch, a 
manually operated switch by which the conductors of a circuit can be disconnected from all ungrounded 
supply conductors and no pole can be operated independently, a line valve, a block, and any similar 
device used to block or isolate energy. Push buttons, selector switches, interlocks, and other control 
circuit-type devices are not energy-isolating devices. 

Energy Source - Any source of electrical, mechanical, hydraulic, pneumatic, chemical, thermal, or other 
energy source. 

Equipment - A general term including material, fittings, devices, appliances, fixtures, apparatus, and the 
like, used as a part of, or in connection with, an electrical installation. 

Exposed  

• (As applied to live parts.) Capable of being inadvertently touched or approached nearer than a safe 
distance by a person. It is applied to electrical conductors or parts not suitably guarded, isolated, or 
insulated. 

• (As applied to wiring methods.) On or attached to the surface or behind panels designed to allow 
access. 

Flame-Resistant (FR) - The property of a material whereby combustion is prevented, terminated, or 
inhibited following the application of a flaming or non-flaming source of ignition, with or without 
subsequent removal of the ignition source. 

Ground - A conducting connection, whether intentional or accidental, between an electrical circuit or 
equipment and the earth, or to some conducting body that serves in place of the earth. 

Grounded - Connected to earth or to some conducting body that serves in place of the earth.  

Grounded conductor - A system or circuit conductor that is intentionally grounded.  

Grounding conductor - A conductor used to connect equipment or the grounded circuit of a wiring 
system to a grounding electrode or electrodes.  

Grounding conductor, equipment - The conductive path installed to connect  normally non-current-
carrying metal parts of equipment together and to the system grounded conductor or the grounding 
electrode conductor, or both. 
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Grounding electrode conductor - The conductor used to connect the system grounded conductor or the 
equipment to a point on the grounding electrode or to a point on the grounding electrode system. 

Ground-fault circuit-interrupter (GFCI) - A device intended for the protection of personnel that functions 
to deenergize a circuit or portion thereof within an established period of time when a current to ground 
exceeds some predetermined value that is less than that required to operate the overcurrent protective 
device of the supply circuit.  

Guarded - Covered, shielded, fenced, enclosed, or otherwise protected by means of suitable covers, 
casings, barriers, rails, screens, mats, or platforms to remove the likelihood of approach or contact by 
persons or objects to a point of danger. 

Incident Energy – The amount of energy impressed on a surface, a certain distance from the source, 
generated during an electrical arc event.  One of the units used to measure incident energy is calories per 
centimeter squared (cal/cm2). 

Isolated - Not readily accessible to persons unless special means for access are used.  

Labeled - Equipment or materials to which has been attached a label, symbol, or other identifying mark of 
an organization that is acceptable to the authority having jurisdiction and concerned with product 
evaluation, that maintains periodic inspection of production of labeled equipment or materials, and by 
whose labeling the manufacturer indicates compliance with appropriate standards or performance in a 
specified manner.  

NFPA-70E Example Labels:  

 

     

Limited Approach Boundary – An approach limit at a distance from an exposed live part, within which a 
shock hazard exists. Limited Approach Boundaries are based on phase-to-phase nominal voltage levels 
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and may be found in NFPA 70E Table 130.2(C). Unqualified Persons must maintain the Limited Approach 
Boundary from parts, circuits, or conductors that are exposed and energized. 

Listed - Equipment, materials, or services included in a list published by an organization that is 
acceptable to the authority having jurisdiction and concerned with evaluation of products or services, that 
maintains periodic inspection of production of listed equipment or materials or periodic evaluation of 
services, and whose listing states that either the equipment, material, or services meets appropriate 
designated standards or has been tested and found suitable for a specified purpose.. 

Lock-out - The placement of a lock-out device on an energy isolating device, in accordance with an 
established procedure, ensures that the energy isolating device and the equipment being controlled 
cannot be operated until the lock-out device is removed. 

Lock-out/Tag-out (LOTO) – The placement of a lock-out device and associated identifying tag on an 
energy-isolating device, in accordance with an established procedure, to ensure that this device and the 
equipment being controlled cannot be operated until the lock-out device and associated tag is removed. 

Lock-out Device - A device that utilizes a positive means such as a lock, either key or combination type, 
to hold an energy isolating device in the safe position and prevent the energizing of a machine or 
equipment. Included are blank flanges and bolted slip blinds. 

Outlet - A point on the wiring system at which current may be taken to supply utilization equipment. 

Overcurrent - Any current level that is in excess of the rated current of equipment or the capacity of a 
conductor. It may result from overload (see definition), short circuit, or ground fault.  

Overload - Operation of equipment in excess of normal, full-load rating, or of a conductor in excess of 
rated ampacity that, when it persists for a sufficient length of time, would cause damage or dangerous 
overheating. A fault, such as a short circuit or ground fault, is not an overload. Systems should 
incorporate suitable overload protection devices to prevent damage should such a situation occur.  Fuses 
and circuit breakers are commonly installed for this purpose. 

Other Employees - Personnel other than authorized or affected employees whose work is or may be in 
an area where lock-out and tag-out procedures may be used. 

Personal Protective Equipment (PPE) - Rated protective equipment, including personal protective 
equipment for eyes, face, head, and extremities; protective clothing; respiratory devices; and protective 
shields and barriers. Such equipment must be provided, used, and maintained in a sanitary and reliable 
condition wherever necessary by reason of hazards of processes or environment, chemical hazards, 
electrical hazards, radiological hazards, or mechanical irritants encountered in a manner capable of 
causing injury or impairment in the function of any part of the body through adsorption, inhalation or 
physical contact. 

Panel board - A single panel or group of panel units designed for assembly in the form of a single panel; 
including buses, automatic overcurrent devices, and with or without switches for the control of light, heat, 
or power circuits; designed to be placed in a cabinet or cutout box placed in or against a wall or partition 
and accessible only from the front.  

Power outlet - An enclosed assembly that may include receptacles, circuit breakers, fuse holders, fused 
switches, buses and watt-hour meter mounting means; intended to supply and control power to mobile 
homes, recreational vehicles or boats, or to serve as a means for distributing power required to operate 
mobile or temporarily installed equipment.  
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Prohibited Approach Boundary – An approach limit at a distance from an exposed live part within which 
work is considered the same as making contact with the exposed live part. Prohibited Approach 
Boundaries may be found in NFPA 70E Table 130.2(C). Only Qualified Persons utilizing rated PPE may 
enter a Prohibited Approach Boundary. 

Qualified Person - One who has skills and knowledge related to the construction and operation of the 
electrical equipment and installations and has received safety training to recognize and avoid the hazards 
involved. 

• Whether an employee is considered to be a "qualified person" will depend upon various 
circumstances in the workplace. It is possible and, in fact, likely for an individual to be considered 
qualified" with regard to certain equipment in the workplace, but "unqualified" as to other equipment. 
This includes: 

– The skills and techniques necessary to distinguish exposed live parts from other parts of 
electric equipment. 

– The skills and techniques necessary to determine the nominal voltage of exposed live parts, 
and 

– Clearance distances and the corresponding voltages to which the qualified person will be 
exposed. 

• An employee who is undergoing on-the-job training and who, in the course of such training, has 
demonstrated an ability to perform duties safely at his or her level of training and who is under the 
direct supervision of a qualified person is considered to be a qualified person for the performance of 
those duties.  

Readily accessible - Capable of being reached quickly for operation, renewal, or inspections, without 
requiring those to whom ready access is requisite to climb over or remove obstacles or to resort to 
portable ladders, chairs, etc. 

Receptacle - A receptacle is a contact device installed at an outlet for the connection of a single 
attachment plug. A single receptacle is a single contact device with no other contact device on the same 
yoke. A multiple receptacle is a single device containing two or more receptacles.  

Restricted Approach Boundary – An approach limit at a distance from an exposed live part within which 
there is an increased risk of shock, due to electrical arc over combined with inadvertent movement, for 
personnel working in close proximity to the live part. Restricted Approach Boundaries may be found in 
NFPA 70E Table 130.2(C). Only Qualified Persons may enter into a Restricted Approach Boundary. 

Service equipment - The necessary equipment, usually consisting of a circuit breaker or switch and 
fuses, and their accessories, located near the point of entrance of supply conductors to a building or other 
structure, or an otherwise defined area, and intended to constitute the main control and means of supply 
and cutoff of the  electrical service to a premise. 

Shock Hazard - A dangerous condition associated with the possible release of energy caused by contact 
or approach to energized electrical conductors or circuit parts. 

Switchboard - A large single panel, frame, or assembly of panels  that  has switches, buses, instruments, 
overcurrent and other protective devices mounted on the face, back or both. Switchboards are generally 
accessible from the rear as well as from the front and are not intended to be installed in cabinets. 
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Servicing and/or Maintenance - Workplace activities such as constructing, installing, setting up, 
adjusting, inspecting, modifying,  maintaining and/or servicing machines or equipment,  including 
troubleshooting . These activities include but are not limited to lubrication, cleaning or un-jamming of 
machines/equipment, and making adjustments or tool changes that creates employee exposure to 
unplanned energizing or startup of equipment, or the release of hazardous energy. 

Setting Up - Any work performed to prepare a machine or equipment for its normal production operation. 

Tag-out -The placement of a tag-out device on an energy isolating device in accordance with an 
established procedure to ensure that the energy isolating device and the equipment being controlled 
cannot be operated. 

Tag-out Device - A prominent warning device, including a tag and a means of attachment that  can be 
securely fastened to an energy isolating device in accordance with an established procedure to indicate 
that the energy isolating device and the equipment being controlled may not be operated. 

Testing – Determining that machinery, equipment, or equipment parts are de-energized through the 
proper application of approved test equipment designed to test for the presence or absence of voltage. 

Verify - Operating equipment controls for the purpose of determining that equipment cannot be restarted 
after an energy-isolating procedure has been performed and before maintenance or repair work is 
initiated. 

Voltage, nominal - A value assigned to a circuit or system for the purpose of conveniently designating its 
voltage class (as 120/240, 480Y/277, 600, etc.). The actual voltage at which a circuit operates can vary 
from the nominal within a range that permits satisfactory operation of equipment.  

Voltage to ground - For grounded circuits, the voltage between the given conductor and that point or 
conductor of the circuit that is grounded; for ungrounded circuits, the greatest voltage between the given 
conductor and any other conductor of the circuit.. 
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Exhibit 2 – Energized Electrical Work Permit 

Energized Electrical Work Permit 

Part 1. To be completed by the requester:               Job/Work Order  

Number___________________ 

1. Description of circuit/equipment/job location:____________________________________________________ 

2. Description of work to be done:_______________________________________________________________ 

3. Justification of why the circuit/equipment cannot be de-energized or the work deferred until the next schedule outage: 

____________________________________________________________________________________________________

____________________________________________________________________________________________________

___________________________________      ______________  

Requester/Title          Date 
 

Part 2. To be completed by the electrically Qualified Persons doing the work:  Check when complete 

1. Detailed Job Description procedure to be used in performing the above detailed  work: 

_______________________________________________________________________________________ 

_______________________________________________________________________________________ 

2. Description of the Safe Work Practices to be employed:___________________________________________ 

_______________________________________________________________________________________ 

3. Results of the Shock Hazard Analysis:_________________________________________________________ 

_______________________________________________________________________________________ 

4. Determination of Shock Protection Boundaries:__________________________________________________ 

_______________________________________________________________________________________ 

5. Results of the Flash Hazard Analysis:_________________________________________________________ 

_______________________________________________________________________________________ 

6. Determination of the Flash Protection Boundaries:_______________________________________________ 

_______________________________________________________________________________________ 

7. Necessary personal protective equipment to safely perform the assign task:___________________________ 

_______________________________________________________________________________________ 

8. Means employed to restrict the access of unQualified Persons from the work area:_______________________ 

_______________________________________________________________________________________ 

9. Evidence of completion of a Job Briefing including discussion of any job-related hazards:__________________ 

________________________________________________________________________________________ 

10. Do you agree the above described work can be done safely?     Yes   No  (if no, return to the requester) 
 

Electrically Qualified Person(s)     Date 
 
 
Electrically Qualified Person(s)    Date 
 

Part 3:  Approval(s) to perform the work while electrically energized: 

 Manufacturing Manager     Maintenance/Engineering Manager 
 
 Safety Manager      Electrically Knowledgeable Person 
 
 General Manager       Date 
 
Note:  Once the work is complete, forward this form to the site Safety Department for review and retention. 
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Exhibit 3 
Personal Protective Equipment Requirements for Work Being Done On Energized Electrical Equipment and/or In Arc Flash Boundary 
 

 Hazard / Risk Category 

PPE 0 1 2 2* 3 4 

Leather gloves As Needed X X X   

Insulated rubber 
gloves with leather 

protectors 

Depends on 
activity 

Depends on activity Depends on activity Depends on activity Depends on activity Depends on activity 

Arc-rated gloves     X X 

Long sleeve shirt  X      

Long pants X      

Arc-Rated Nomex 
coveralls 

 
X (min arc rating of 4)    

OR 
X (min arc rating of 8)    

OR 
X (min arc rating of 

8)    OR 

X to meet arc rating of 
25 for total FR 

clothing 
AND 

X (to meet min arc rating 
of 40)   OR 

Flame Resistant (FR)-  
Arc-Rated Long 

sleeve shirt /long 
pants 

 X (min arc rating of 4) X (min arc rating of 8)  
X (min arc rating of 

8)  
X (to meet min arc 

rating of 25)  
X (to meet min arc rating 

of 40) 

Arc-Rated Flash suit 
jacket and pants 

    
X to meet arc rating of 

25 for total FR 
clothing 

X (to meet min arc rating 
of 40) 

Arc rated face shield  
X (min arc rating of 4) 

OR 
X (min arc rating of 8)   

OR 
X (min arc rating of 

8)   OR 
  

Arc rated arc flash 
suit hood 

 X X (min arc rating of 8) 
X (min arc rating of 

8) 
X X ( min arc rating of 40) 

Safety glasses or 
Goggles 

X X X X X  X   

Balaclava (Sock 
hood) 

   
Use with Face 

Shield (Category 
2*) 

  

Hearing protection X (inserts) X (inserts) X (inserts) X (inserts) X (inserts) X (inserts) 

Hardhat (rated for 
electrical) 

 X X X X X 
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 Hazard / Risk Category 

PPE 0 1 2 2* 3 4 

FR Hardhat Liner     X X  

Leather boots  As Needed X X X X 

Arc-rated jacket, 
parka, or rainwear 

 As Needed As Needed As Needed  As Needed 

 
Notes: 
If work is being done outdoors, may need arc-rated coats, rainwear, etc.;  
Underlayers. Meltable fibers such as acetate, nylon, polyester, polypropylene, and spandex shall not be permitted in fabric underlayers (underwear) next to the 
skin. 
Specific Notes: 
Combination insulated rubber gloves with leather protectors is acceptable 
 Non-melting (per ASTM F 1506-00) or untreated natural fiber (fabric weight at least 4.5 oz/yd2) 
 If using FR pants and shirts as noted, long pants of non-melting or natural fiber fabric do not need to be worn; However, if using coveralls as noted, 
undergarments of non-melting or untreated natural fiber must be worn 
Must have wrap around guarding to protect face, forehead, ears and neck 
Selection required.  See NFPA 70E 
Other options: 

1. Two sets of Nomex coveralls (inner coverall with minimum arc rating of 4 and other one with minimum arc rating of 5) over non-melting or untreated 
natural fiber long sleeve shirt and pants 
2. Total FR clothing system and hood with a minimum arc rating of 25 

 As required based on activity.  See NFPA 70E 
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Exhibit 4 - International Electrotechnical Commission 61010 Volt Meter Categories 

Transient Overvoltage Category (<1,000 Volts) 
Overvoltage 

Category 
Brief Description Examples 

CAT IV Three phase at utility 
connection, any outdoor 
conductors 

• Refers to the origin of the installation, i.e., where 
low-voltage connection is made to utility power. 

• Electric meters, primary overcurrent protective 
equipment 

• Outside and service entrance, service drop from 
pole to building, run between meter and panel 

• Overhead line to detached building, 
underground line to well pump 

CAT III Three phase at 
distribution including 
single-phase 
commercial lighting 

• Equipment in fixed installations, such as 
switchgear and polyphase motors 

• Bus and feeder in industrial plants 
• Feeders and short branch circuits, distribution 

panel devices 
• Lighting systems in large buildings 
• Appliance outlets with short connections to 

service entrance 
CAT II Single phase receptacle 

connected loads 
• Appliance, portable tools, and other household 

similar loads 
• Outlet and long branch circuits 

o Outlets more than 10 meters (30 feet) 
from Cat III sources 

o Outlets at more than 20 meters (60 feet) 
from Cat IV sources 

CAT I Electronics • Protected electronic equipment 
• Equipment connected to (source) circuits in 

which measures are taken to limit transient 
overvoltages to an appropriate low level 

• Any high-voltage, low-energy source derived 
from a high-winding resistance transformer, such 
as the high-voltage section of a copier 
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Exhibit 5 - NFPA 70 E Table 130.2(C) Approach Boundaries to Live Parts for Shock Protection 
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Exhibit 6 - Hazard/Risk Category Classifications NFPA Table 130.7 (C) (9) (a) 
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Exhibit 7 – NFPA 70E Electrical Hazard Risk Analysis Flow Chart 
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Exhibit 8 - Electrical Task Hazard Assessment Worksheet Links 

Task Assessment Checklist for:  

Panelboards Rated at Less Than 240 Volts - Perform Infrared Thermography and other non-contact 
inspections outside the restricted approach boundary  

Panelboards Rated at Less Than 240 Volts - Operating a Circuit Breaker or Fused Switch with the Cover 
ON  

Panelboards Rated at Less Than 240 Volts - Operating a Circuit Breaker or Fused Switch with the Cover 
OFF  

Panelboards Rated at Less Than 240 Volts - Working on Energized Electrical Conductors and Circuit 
Parts, Including Voltage Testing 

Panelboards Rated at Less Than 240 Volts - Removing/Installing Circuit Breakers or Fused Switches  

Panelboards Rated at Less Than 240 Volts - Removing Bolted Covers (to Expose Bare, Energized Parts) 

Panelboards Rated at Less Than 240 Volts - Opening Hinged Covers (to Expose Bare, Energized 
Electrical Conductors and Circuit Parts) 

Panelboards Rated at Less Than 240 Volts - Working on Energized Electrical Conductors and Circuit 
Parts of Utilization Equipment fed directly by a Branch Circuit of the Panelboard 

Panelboards or Switchboards Rated >240 Volts and up to 600 Volts (with molded case or insulated case 
circuit breakers) - Perform Infrared Thermography and other non-contact inspections outside the 
restricted approach boundary 

Panelboards or Switchboards Rated >240 Volts and up to 600 Volts (with molded case or insulated case 
circuit breakers) - Operating a Circuit Breaker or Fused Switch with the Enclosure Cover ON 

Panelboards or Switchboards Rated >240 Volts and up to 600 Volts (with molded case or insulated case 
circuit breakers) - Operating a Circuit Breaker or Fused Switch with the Enclosure Cover OFF 

Panelboards or Switchboards Rated >240 Volts and up to 600 Volts (with molded case or insulated case 
circuit breakers) - Working on Energized Electrical Conductors and Circuit Parts, including Voltage 
Testing 

Panelboards or Switchboards Rated >240 Volts and up to 600 Volts (with molded case or insulated case 
circuit breakers) - Working on Energized Electrical Conductors and Circuit Parts of utilization equipment 
fed directly by a branch circuit of the panelboard or switchboard 

Common Tasks on Systems Rated 600 Volts and Below - Removing/Replacing a Light Fixture Ballast  

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Prfrm%20Infared%20Thermography.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Prfrm%20Infared%20Thermography.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-%20Op%20Crct%20Brkr%20Fsd%20Swtch%20w%20Cover%20ON.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-%20Op%20Crct%20Brkr%20Fsd%20Swtch%20w%20Cover%20ON.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Op%20Crct%20Brkr%20Fsd%20Swtch%20w%20Cover%20OFF.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Op%20Crct%20Brkr%20Fsd%20Swtch%20w%20Cover%20OFF.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Wrkng%20Enrgzd%20Elec%20Cond%20Crct%20Prts.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Wrkng%20Enrgzd%20Elec%20Cond%20Crct%20Prts.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Remv-Install%20Crct%20Brkrs%20Fsd%20Swtchs.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Remv%20Bolted%20Covers.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Opening%20Hinged%20Covers-to%20Exp.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Opening%20Hinged%20Covers-to%20Exp.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Enrgzd%20El%20Cnd%20Crct%20Prts%20Util%20Eqp%20fd%20by%20Br%20Crc.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20Lss%20Thn%20240%20V-Enrgzd%20El%20Cnd%20Crct%20Prts%20Util%20Eqp%20fd%20by%20Br%20Crc.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Prfrm%20Infared%20Thermography.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Prfrm%20Infared%20Thermography.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Prfrm%20Infared%20Thermography.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Cvr%20ON.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Cvr%20ON.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Cvr%20OFF.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Cvr%20OFF.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20incl%20V%20Tstng.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20incl%20V%20Tstng.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20incl%20V%20Tstng.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20Util%20Eqp%20fd%20by%20Br%20Crc.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20Util%20Eqp%20fd%20by%20Br%20Crc.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Pbrds%20240-600%20V-Enrgzd%20Elc%20Cnd%20Crct%20Prts%20Util%20Eqp%20fd%20by%20Br%20Crc.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Rem%20or%20Repl%20Light%20Fixt%20Ballast.doc�
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Common Tasks on Systems Rated 600 Volts and Below - Replacing a 15 or 20-Amp Receptacle or 
Switch  

Common Tasks on Systems Rated 600 Volts and Below - Disconnecting/Reconnecting Utilization 
Equipment Rated Less than 240 Volts  

Common Tasks on Systems Rated 600 Volts and Below - Disconnecting/Reconnecting Utilization 
Equipment Rated at 240 Volts to 600 Volts  

Common Tasks on Systems Rated 600 Volts and Below - Voltage Testing at Utilization Equipment Rated 
Less than 240 Volts  

Common Tasks on Systems Rated 600 Volts and Below - Voltage Testing at Utilization Equipment Rated 
at 240 Volts to 600 Volts  

600 Volt Class Motor Control Centers (MCCs) - Perform Infrared Thermography and other non-contact 
inspections outside the restricted approach boundary  

600 Volt Class Motor Control Centers (MCCs) - Circuit Breaker, Fused Switch or Starter Operation with 
the Enclosure Doors Closed OR Reading a panel meter while operating a meter switch 

600 Volt Class Motor Control Centers (MCCs) - Working on Energized Electrical Conductors and Circuit 
Parts, including Voltage Testing  

600 Volt Class Switchgear (with power circuit breakers or fused switches) - Perform Infrared 
Thermography and other non-contact inspections outside the restricted approach boundary 

600 Volt Class Switchgear (with power circuit breakers or fused switches) - Circuit Breaker, Fused Switch 
or Starter Operation with the Enclosure Doors Closed OR Reading a panel meter while operating a meter 
switch 

  

600 Volt Class Switchgear (with power circuit breakers or fused switches) - Working on Energized 
Electrical Conductors and Circuit Parts, including Voltage Testing 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Repl%2015%20or%2020-Amp%20Recpt%20or%20Swtch.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Repl%2015%20or%2020-Amp%20Recpt%20or%20Swtch.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Disc%20or%20Recon%20Utiliz%20Eqp%20less%20than%20240.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Disc%20or%20Recon%20Utiliz%20Eqp%20less%20than%20240.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Disc%20or%20Recon%20Utiliz%20Eqp%20240-600%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Disc%20or%20Recon%20Utiliz%20Eqp%20240-600%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Vltg%20Tstng%20Equip%20Less%20thn%20240%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Vltg%20Tstng%20Equip%20Less%20thn%20240%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Vltg%20Tstng%20Equip%20240-600%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/Cmmn%20Tasks%20600%20V%20Below-Vltg%20Tstng%20Equip%20240-600%20V.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Perf%20Infared%20Thermography%20and%20other.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Perf%20Infared%20Thermography%20and%20other.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Crct%20Brkr%20Fsd%20Swtch%20w%20Encl%20Drs%20Closed.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Crct%20Brkr%20Fsd%20Swtch%20w%20Encl%20Drs%20Closed.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Wrkng%20on%20Enrgzd%20Elec%20Cndctrs%20Crct%20Prts.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Mtr%20Cntrl%20Cntrs%20-%20Wrkng%20on%20Enrgzd%20Elec%20Cndctrs%20Crct%20Prts.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Switchgear%20-%20Perf%20Infared%20Thermography%20and%20other.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Switchgear%20-%20Perf%20Infared%20Thermography%20and%20other.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Swtichgear%20-%20Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Drs%20Closed.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/Electrical%20Task%20-%20Hazard%20Assessment%20Checklists/600%20VC%20Swtichgear%20-%20Crct%20Brkr-Fsd%20Swtch%20w%20Encl%20Drs%20Closed.doc�
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EXECUTIVE SUMMARY 

Through the use of personal protective equipment (PPE), ARCADIS employees are protected 
from occupational hazards in the event that engineering and administrative controls are not 
sufficient or practical. PPE will be provided to ARCADIS employees at no cost following training 
on the proper use and maintenance of PPE. 

Project managers are responsible for assessing potential hazards on a worksite and determining 
the applicable PPE. 

Project personnel are responsible for understanding and utilizing “Stop Work Authority” should a 
hazard present itself that was not previously identified or in doses higher than anticipated. 

PPE selection will be based on an evaluation of the performance characteristics of the PPE 
relative to the following: 

• The requirements and limitations of the tasks or work environment 

• The task-specific conditions and duration 

• The hazards and potential hazards identified at the site 

PPE may be categorized into levels A, B, C or D. 

• Level A offers the highest skin and respiratory protection 

• Level B offers a high degree of respiratory protection with lesser levels of skin   
 protection 

• Level C is used when the concentration and type of airborne substance is known, 
 and the criteria for using an air purifying respirator are met 

• Level D offers the least skin and respiratory protection  

PPE training will include, at minimum: 

• When and what PPE is necessary 

• How to put on, adjust, wear and take off the PPE 

• Limitations of the PPE 

• Proper care, maintenance, useful life, and proper disposal of PPE 
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1. POLICY 

It is the policy of ARCADIS to assess the workplace to identify and assess hazards in order to 
appropriately implement controls for those hazards. In addition, it is ARCADIS policy to supply 
personal protective equipment (PPE) for employees in a working environment where engineering 
and administrative controls are not feasible or effective in the control of hazards. ARCADIS will 
train and supply this PPE at no cost to the employee. 

2. PURPOSE AND SCOPE 

2.1 Purpose 

The purpose of PPE is to shield or isolate individuals from the chemical, physical and 
biologic hazards that may be encountered in their work environment. A hazard analysis 
or assessment will be performed before a job task is begun to evaluate if PPE is 
necessary to protect an employee from identified hazards and determine the type of PPE 
required. This analysis will include the identification of hazards/suspected hazards and 
their routes of exposure. 

Combinations of protection may be needed to provide the appropriate level of protection 
for any given work environment. The level of PPE may change during a job, so periodic 
evaluation will be done to ensure that the most appropriate PPE is being used. Over-
protection, as well as under-protection, can be hazardous and should be avoided where 
possible. 

Subcontractors and other non-ARCADIS employees must supply their own PPE. 
ARCADIS will not supply PPE to any non-ARCADIS employees unless specific 
arrangements and agreements are made with the other party.  

This Health and Safety Standard (HSS) provides guidance on the proper selection, use, 
care and maintenance of PPE. 

2.2 Scope 

Whenever possible, engineering, substitution and administrative controls will be used to 
reduce or eliminate hazards, but when they are not feasible, practical or adequate, PPE 
will be used to protect employees from exposure to hazards during ARCADIS-related 
work tasks.  

3. DEFINITIONS 

Definitions related to personal protective equipment can be found in Exhibit 1.  
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4. RESPONSIBILITIES 

4.1 ARCADIS Management 

Responsible for providing resources for the acquisition of PPE and for the conduct of 
hazard assessments. 

4.2 Project Managers 

Project Managers are responsible, as part of the project hazard assessment, for 
determining PPE necessary to complete the project. In addition, the Project Manager is 
responsible for determining client requirements with respect to PPE. Project Managers 
notify health and safety staff of biological, chemical and physical hazards present or 
potentially present on the site. Project Managers are also responsible for ensuring that 
project staff has the appropriate and applicable training for PPE use prior to those staff 
beginning work. 

4.3 Corporate Health and Safety 

Corporate Health and Safety is responsible for keeping this standard up-to-date with 
current regulatory requirements and best practices and for assisting in determining the 
appropriate PPE for a particular task and work environment and for assisting in the 
identification of appropriate vendors of such PPE. 

4.4 Health and Safety Staff 

Project Health and Safety Staff including designated Writers and Reviewers of Project 
Health and Safety Plans (HASPs) are responsible for developing control processes and 
techniques on specific projects based on the physical, chemical and biological hazards 
expected to be encountered on project facilities. 

4.5 ARCADIS Staff 

ARCADIS staff is responsible for completing PPE training as required by this policy and 
standard, and for following all hazard control processes designated by the Project 
Manager, Project Health and Safety Staff and the project HASP. If project personnel 
believe that a hazard is present that was not previously identified or is at levels that are 
higher than expected, they should stop work and notify project health and safety staff or 
the project manager immediately and not proceed until authorized. 

5. PROCEDURE 

5.1  Minimum PPE Requirements 

All staff that regularly conduct field work or visit project sites outside of office 
environments will be issued a field bag that contains, at a minimum, the following PPE: 

• An ARCADIS logo’d hardhat 
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• Two pair of safety glasses, one clear pair and one tinted pair, or one pair of 

prescription safety glasses with transitional lenses 

• Hearing protection 

• A minimum, Type 2 reflective vest in either orange, lime green or yellow 

• Steel toe safety boots 

Office locations will stock extra bags with the equipment listed above for use by other 
staff that do not regularly go to field locations. Additional PPE and H&S equipment will be 
issued to staff based on the hazards they face on specific projects (i.e. respirators, 
goggles, chaps, etc.). 

No ARCADIS staff should arrive at a field or project site without this minimum PPE. 

5.2  The PPE Program 

The basic objectives of a PPE program are to protect the wearer from safety and health 
hazards; and to prevent injury to the wearer from incorrect use and/or malfunction of the 
PPE. This document serves as the overall ARCADIS PPE program and is used as 
guidance for the development of a project-specific PPE program which becomes part of a 
project-specific health and safety plan. A project-specific PPE program in combination 
with this HSS will address the following:  

• PPE selection based upon site hazards (Hazard Identification/Assessment).  

- Identify the hazards/suspected hazards and their potential routes of exposure 
(e.g., skin, inhalation, ingestion or eye contact). 

• The use and limitations of the equipment including limitations during temperature 
extremes and under certain medical conditions; 

• The work mission duration; 

• Maintenance, storage, decontamination and disposal of PPE; 

• Training including proper fit and how to properly put on and take off PPE; 

• PPE inspection procedures prior to, during, and after use; and 

• Periodic evaluation of the effectiveness of the PPE program. 

5.3  PPE Selection 

The use of PPE can itself create significant worker hazards, such as heat stress, physical 
and psychological stress and impaired vision, mobility and communication. Over-
protection, as well as under-protection, can be hazardous and should be avoided where 
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possible. Site or project-specific health and safety plans take into consideration 
engineering, substitution, and administrative controls first as a means to eliminate/reduce 
the need for PPE. When it is not feasible or practical to eliminate the use of PPE, PPE 
selection will be based on an evaluation of the performance characteristics of the PPE 
relative to the following: 

• The requirements and limitations of the tasks or work environment;  

• The task-specific conditions and duration; and 

• The hazards and potential hazards identified at the site. 

The level of protection will be increased whenever it is shown that increased protection is 
necessary to reduce employee exposures to the hazards. It may be decreased when it is 
shown that this will not result in hazardous exposure to employees.  

5.4  Levels of PPE Protection 

For work on hazardous sites, a combination of PPE may be categorized into levels A, B, 
C, or D with level A offering the highest level of protection and D the lowest. Monitoring 
the effectiveness of PPE will be done throughout a project to ensure that the appropriate 
level of protection is being worn. These levels of protection are described below. 

5.4.1 Level A Protection 

Level A PPE offers the highest level of respiratory and skin protection and should be 
worn when: 

• The hazardous substance has been identified and requires the highest level of 
protection of the skin, eyes, and respiratory system based on either: 

– The measured (or potential) high concentrations of atmospheric gases, vapors, 
or particulates; or 

– If site operations and work functions involve a high potential for splash, 
immersion, or exposure to unexpected vapors, gases, or particulates which are 
harmful to skin eyes, or the respiratory system. 

• There is a known or suspected high degree of hazard to the skin and skin contact is 
possible. 

• Conducting work in a confined, poorly ventilated area and the other criteria requiring 
Level A PPE have not been determined. 

Level A equipment includes: 

• NIOSH approved positive pressure, full-face piece self contained breathing apparatus 
(SCBA), or positive pressure supplied airline respirator with escape SCBA; 
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• Totally encapsulating chemical-protective suit (material based on the hazard); 

• Chemical resistant outer and inner gloves (type and material based on the hazard); 

• Chemical resistant boots with steel toe and shank; 

• Disposable protective suit, gloves and boots (depending on suit construction, may be 
worn over the totally encapsulating suit); 

• Coveralls (optional, as applicable); 

• Long underwear (optional, as applicable); and  

• Hard-hat - under suit (optional, as applicable).  

5.4.2 Level B Protection 

Level B PPE offers a high degree of respiratory protection with lesser levels of skin 
protection. Level B PPE should be worn when: 

• The type and atmospheric concentration of substances have been identified and 
require a high level of respiratory protection but less skin protection;  

• The atmosphere contains less than 19.5 percent oxygen; or 

• The presence of incompletely identified vapors or gases is indicated by direct reading 
organic vapor detection instruments, but the vapors and gases are not suspected of 
containing high levels of chemical harmful to the skin or capable of being absorbed 
through the skin. Level B is the minimum level of protection that should be worn when 
there is insufficient information to determine the hazards or potential hazards of the 
substance. 

Level B PPE equipment includes: 

• NIOSH approved positive pressure, full face piece self contained breathing apparatus 
1(SCBA), or positive pressure supplied air respirator with escape SCBA; 

• Hooded chemical resistant clothing (overalls and long sleeve jacket; coveralls; one or 
two piece chemical splash suit; disposable chemical resistant overalls) (materials 
based on the hazards); 

• Chemical resistant outer and inner gloves (material based on the hazards); 

• Chemical resistant boots with steel toe and shank; 

• Coveralls (optional, as applicable); 
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• Outer chemical resistant boot covers (optional, as applicable); 

• Hard hat (optional, as applicable); and  

• Face shield (optional as applicable). 

5.4.3 Level C Protection 

Level C PPE is used when the concentration and type of airborne substance is known, 
and the criteria for using an air purifying respirator are met. It should be worn when: 

• Atmospheric contaminants, liquid splashes, or other direct contact will not adversely 
affect or be absorbed through any exposed skin;  

• The types of air contaminants have been identified, concentrations measured, and an 
air purifying respirator is available that can remove the contaminants; and 

• All criteria for the use of an air purifying respirator are met.  

Level C PPE equipment includes:  

• NIOSH approved full face or half mask air purifying respirator (with appropriate 
cartridges based on the hazards); 

• Hooded chemical resistant clothing (overalls and long sleeve jacket; coveralls; one or 
two piece chemical splash suit; disposable chemical resistant overalls) (materials 
based on the hazards); 

• Chemical resistant outer and inner gloves (materials based on the hazards); 

• Chemical resistant boots with steel toe and shank; 

• Coveralls (optional, as applicable); 

• Outer chemical resistant boot covers (optional, as applicable); 

• Hard hat (optional, as applicable);  

• Escape mask (optional, as applicable); and 

• Face shield (optional, as applicable). 

5.4.4  Level D Protection 

Level D PPE offers the least skin and respiratory protection and should be worn when the 
atmosphere contains no known hazards, and work functions preclude splashes, 
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immersions or the potential for unexpected inhalation of or contact with hazardous levels 
of any chemicals. 

Level D PPE equipment may include any or all of the following depending on the hazards 
of the site: 

• Chemical resistant boots with steel toe and shank (optional, as applicable); 

• Coveralls (optional, as applicable); 

• Gloves (optional, as applicable); 

• Outer chemical resistant boots (disposable) (optional, as applicable); 

• Safety glasses or chemical splash goggles (optional, as applicable); 

• Hard hat (optional, as applicable);  

• Escape mask (optional as applicable); and 

• Face shield (optional as applicable). 

5.5 Combinations of Protection 

Combinations of protection are acceptable if the task hazard analysis and the site 
conditions warrant modification of PPE levels.  

5.6 Equipment List 

5.6.1 Eye/Face Protection 

All employees engaged in or working in or adjacent to areas with eye-hazardous activities 
or operations, such as but not limited to flying objects and hazardous chemicals shall 
wear appropriate eye protection. 

• Safety glasses with side shields are required for impact protection and shall meet 
ANSI Standard Z87.1 requirements. 

• Chemical goggles (for protection against chemical splash). 

• Face shields (for face protection from chemical splash and are not a substitute for 
primary eye protection). 

• Full-face respirators can provide eye and face protection in lieu of safety glasses, 
goggles or face shields. 
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• Shaded eye protection meeting the minimum shade requirements established in 29 

CFR 1910.133 (for employees exposed to sources of injurious light radiation [e.g., 
welding, cutting, lasers]). 

• For prescription eye protection contact your supervisor to fill out an AOSafety order 
form available on APEX. 

5.6.2 Respiratory Protection 

Respirators will be provided and used in accordance with the ARCADIS Respiratory 
Protection Policy/Standard ARC HSGE017 and 29CFR 1910.134. 

5.6.3 Hearing Protection 

Hearing protection will be provided and used in accordance with the ARCADIS Hearing 
Conservation Policy/Standard ARC HSIH008 and 29CFR 1910.95. 

5.6.4 Foot Protection 

• Basic foot protection is required for all ARCADIS job sites and industrial locations. 
Specialized footwear will be provided as required by the nature of the work. Special 
foot protection may include, but is not limited to, chemically resistant, thermally 
shielded, metatarsal guards, etc. 

• Leather Safety Boots will be provided for employees; one pair of leather safety boots 
will be provided as necessary by ARCADIS. The employee purchasing the footwear 
is required to ensure that it meets any of the consensus standards as specified by 
OSHA 29 CFR 1910.136 which include:  

– ASTM F-2412-2005, "Standard Test Methods for Foot Protection," and ASTM 
F-2413-2005, "Standard Specification for Performance Requirements for 
Protective Footwear" 

– ANSI Z41-1999, "American National Standard for Personal Protection -- 
Protective Footwear" 

– ANSI Z41-1991, "American National Standard for Personal Protection -- 
Protective Footwear" 

– All consensus standards are incorporated by reference in OSHA 29CFR 
1910.6 

• In general, for most work done by ARCADIS, safety boots must be equipped with 
steel toes. Puncture resistant soles or in-soles equipped in the safety boots are 
project driven based on the Hazard Assessment. Some clients may require puncture 
resistant soles or in-soles. 

• The maximum expenditure or reimbursement for approved safety shoe purchases will 
be $150.  Reimbursement requests must be approved by the employee’s supervisor. 
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• Athletic-style safety shoes (“safety sneakers”) are prohibited (due to the difficulties 

created by these styles in supervising proper use of protective footwear). 

5.6.5 Head Protection 

Hard hats meeting ANSI Z89.1 will be provided to protect employees from impact, 
penetration, falling objects and/or limited electrical shock and burn, as appropriate for 
work site hazards. A hard hat must be replaced when it becomes damaged, 
contaminated (and contamination cannot be removed) or it has been struck by an object 
of sufficient size to potentially compromise its integrity. 

Hardhats must resist penetration by objects, be water resistant and slow burning, and 
have a chin strap if it is worn while working at elevation. It must be worn square on the 
head and not be pushed back, to the side or forward.  

There are two types and three classes of head protection described in ANSI standard.   

Other hazard situations to consider are: 

• In areas of heavy vegetation or in any area where hunters may be present, it is 
recommended that some type of brightly colored head protection be worn. For 
example, a bright orange or yellow baseball cap or stocking cap. 

• If cold exposure is an issue, hardhat liners are available (made specifically for the 
particular hardhat) or if a hardhat is not required, some type of insulated head 
protection such as a stocking cap should be worn. 

5.6.6 Hand Protection 

Appropriate hand protection will be provided if employee’s hands are exposed to hazards 
while on the job. 

Such as:  

• pinch points 

• sharp/pointed tools or objects 

• incorrect or inadequate tool use 

• improper use 

• rotating/energized/automated parts 

• abrasive materials 

• inadequate job planning 

• lack of/inadequate protection 
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• changing weather conditions and extreme temperatures 

• hazardous material 

• jewelry and loose clothing. 

Once these hazards are identified, the appropriate glove or hand protection must be 
selected. When choosing gloves, keep in mind: 

• Hazardous Chemicals/Substances to be Contacted 

• Nature of Contact (total immersion, splash, etc.) 

• Duration of Contact 

• Area of Protection (hand only, forearm, arm) 

• Equipment (rotating, sharp edges, etc.) 

• Grip (dry, wet, oily) 

• Thermal Protection 

• Abrasion/Cut/Puncture Resistance  

• Tear/Tensile Strength 

• Ergonomics (size, heat stress, dexterity) 

• Decontamination/Disposal 

In selecting chemically protective gloves, the toxic properties of the chemical(s) will be 
determined. Information provided on the manufacturer’s label or by chemical compatibility 
charts regarding breakthrough time, permeation rate and degradation should be 
considered during selection. 

5.6.7 Body Protection 

Protective clothing, gloves, boots, and other protective equipment will be provided as 
appropriate for the hazards associated with the tasks being performed. 

Long pants are required for all field work unless approval is granted by corporate H&S.  
Additional protection such as cooling vests may be required. In environments with 
potential biological hazards such as ticks, plants or snakes, gloves and long sleeves 
should be worn along with head protection of some kind to protect the scalp. In areas of 
roadway work or other vehicle traffic high visibility Class II safety vests will be worn. 

Chemically Protective Clothing (CPC) will be selected by evaluating the performance 
characteristics of the CPC against the requirements and limitations of the site and task-
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specific conditions. This selection should be performed by an employee with training and 
experience taking into consideration: 

• Permeation, degradation, penetration of the CPC by the chemical and; 

• Durability, flexibility, fit, temperature effects, ease of decontamination, compatibility 
with other necessary equipment (e.g., hardhats, SCBA, etc.); and duration of use that 
could affect the employees ability perform the task. 

Where required, appropriate Fire Resistant (FR) protective clothing must be used where 
there is a potential for electrical arc flash hazards (refer to the ARCADIS Electrical Safety 
Standard HSFS006 for additional information). Jobs that expose workers to fire dangers 
require the use of FR protective clothing. 

5.6.8  Specialized Equipment 

All other specialized safety equipment required for an assignment (e.g., work gloves, 
specialized protective clothing, hip boots, field rain gear, personal floatation devices) will 
be provided by ARCADIS as specified in the HASP. 

5.6.9  Extreme Cold Environments 

Supervisors are responsible for ensuring that staff is properly equipped to protect 
themselves while working in extreme cold environments. The following is suggested as 
appropriate PPE for cold conditions:  

• Hats/hat liners and gloves 

• Thermal clothing 

• Hi-Visibility clothing 

• Winter footwear 

Use of specialized equipment will be charged to projects in accordance with established 
policy and rental rates. 

5.7 Maintenance/Storage/Disposal 

5.7.1  PPE Maintenance and Disposal 

PPE must be inspected by the user before and after each use for defects, rips, tears 
and/or damaged parts. Damaged or compromised PPE will not be used and must be 
repaired before re-use or disposed. PPE must be disposed of according to the HASP and 
other project plans for the site. If non-disposable, PPE must be decontaminated and 
sanitized before being reused according to the HASP Contaminated PPE which cannot 
be properly decontaminated by normal procedures must be disposed of accordingly. 
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5.7.2 PPE Storage 

All PPE must be stored to protect against dust, sunlight, extreme heat and cold, 
excessive moisture and damaging chemicals. Storage must be in accordance with the 
manufacturer’s specifications and OSHA requirements. 

5.7.3 Contaminated Boots 

Single-use boots or boot covers which become contaminated on the job will be waste 
profiled, as necessary, and properly disposed. Work boots will be properly 
decontaminated upon exiting contaminated work zones (exclusion zones). Work boots 
that are damaged on the job must be replaced.  

6.  TRAINING 

Training in the proper use of PPE will generally be provided in conjunction with HAZWOPER 
training or via coursework selected and approved by Corporate H&S. Training will be completed 
prior to the employee’s use of PPE, when changes in the work place alter the use or type of PPE, 
and when inadequacies in the employee’s knowledge or use of PPE are noted.  

The training will include at a minimum: 

• When and what PPE is necessary; 

• How to put on, adjust, wear and take off the PPE; 

• Limitations of the PPE; and 

• Proper care, maintenance, useful life, and proper disposal of PPE. 

7.  REFERENCES (regulation citation, technical links, publications, etc.) 

29 CFR 1910.120 “Hazardous Waste Operations and Emergency Response” 

29 CFR 1910 Subpart I “Personal Protective Equipment” 

29 CFR 1910.136 Foot Protection 

29 CFR 1910.6 Incorporation by reference 
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8.  RECORDS - DATA RECORDING AND MANAGEMENT 

Records of the PPE training are retained by the employee and in the ARCADIS training database. 
Medical clearance for respirator use is maintained by the employee and ARCADIS’ medical 
vendor.  

9.  APPROVALS AND HISTORY OF CHANGE 

Approved by: Mija Coppola, Corporate Health and Safety Director  

 

 

 

History of Change 

Revision Date Revision 
Number 

Reason for change 

20 February 2009 01 Original document 

19 August 2011 02 Updated footwear protection consensus 
standards, clarified contaminated work boot 

section and updated document format 
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Exhibit 1 – Definitions 

Eye/Face Protection - Equipment designed to provide eye or face protection when exposed to 
hazards from flying particles, molten metal, liquid chemicals, acids or caustic liquids, chemical 
gases or vapors, or potentially injurious light radiation. 

Foot Protection - Footwear designed to provide foot and toe protection when working in areas 
where there is a danger of foot injuries due to falling or rolling objects, or objects piercing the 
sole, and/or where an employee's feet are exposed to electrical hazards. These include such 
measures as steel toe and boot warmers. 

Hand and Body Protection - Equipment designed to provide protection to the hands and body 
during exposures to potential hazards such as potential for skin absorption of harmful 
substances, sharp objects, abrasive surfaces, punctures, temperature extremes and chemical 
contact.  

Hazard Assessment - The process utilized to identify hazards in the workplace and to select the 
appropriate PPE to guard people against potential hazards. 

Head Protection - Equipment designed to provide protection to the head during exposure to 
potential hazards such as falling objects, striking against objects or electrical hazards.  

Hearing Protection - Equipment designed to provide protection to an individual's hearing during 
exposure to excessive noise levels and any 8hr work day with noise levels consistently 85dB or 
above.  

Personal Protective Equipment (PPE) - Equipment designed to provide protection to the wearer 
from potential hazards to the eyes, face, hands, head, feet, ears, extremities and respiratory 
system.  

Respiratory Protection - Equipment designed to provide protection to the wearer from potential 
inhalation hazards such as vapors, mists, particulates and gases. 
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1. POLICY  

It is the policy of ARCADIS to comply with OSHA’s Medical Services and First Aid Standard as it 
relates to the work we do.  According to OSHA, the employer will ensure the “ready availability of 
medical personnel”, but how this is implemented is dependent on the circumstances of each 
place of work. 

2. PURPOSE AND SCOPE 

2.1 Purpose 

This policy and standard assists ARCADIS employees in determining if the OSHA 
standard applies to their project sites, and assists in evaluating appropriate training 
needs for employees. 

2.2 Scope 

The Medical Services and First Aid standard applies to all ARCADIS offices that 
designate or expect employee(s) to act as First Aid Responders at the office location 
and/or a job site.  Employees who are not designated or expected to act as a First Aid 
Responder may render first aid voluntarily if they are trained in first aid, but their actions 
are not covered under the OSHA standard. 

If the office or job site is in near proximity to medical services, employees do not need to 
be designated or expect to act as First Aid Responders unless required to do so by a 
particular OSHA standard or client requirement.  However, if the office or job site is not in 
near proximity to medical services, an employee or employees will be designated and 
trained to render first aid. 

3. DEFINITIONS 

3.1 Near Proximity

3.2 

 – The ability to respond and start to administer first aid within 3 to 4 
minutes. 

First Aid Responder

3.3 

 – An employee designated by ARCADIS to receive First 
Aid/CPR training so that he/she can respond to emergency situations and 
administer First Aid/CPR until medical attention can be administered by medical 
professionals. 

HSS

4. RESPONSIBILITIES 

 – Health & Safety Standard 

4.1 Principal in Charge (PIC) and Project Manager (PM) – Determines if a First Aid 
Responder is required for their project site.   Ensures that employees working on 
their project sites have the proper training as required by this policy and standard. 
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4.2 Location Leader and Office H&S Coordinator

4.3 

 – Determines if a First Aid 
Responder is required for their office location.   Ensures that employees working in 
those locations have the proper training as required by this policy and standard. 

Employees 

5. PROCEDURE 

– If designated as a First Aid Responder, ensures that training is up to 
date as required by this policy and standard. 

5.1 Designation of First Aid Responders 

The PIC, PM, Location Leader, and/or Office H&S Coordinator determines if they are 
required to designate First Aid Responders at the office location and/or at any particular 
job site.  The types of accidents/injuries that could occur, location/availability of medical 
facilities, and the response time of emergency services are considered in making this 
determination. 

In the absence of an infirmary, clinic or hospital in near proximity to the workplace, an 
employee(s) will be trained to render First Aid/CPR.  This may also be necessary if 
required to do so by another standard (i.e. more stringent State standard) or a client.  
First aid supplies are readily available if an employee is designated as a First Aid 
Responder. 

If the office and/or job site is in near proximity of emergency medical services (within 3-5 
minutes of medical care), and if not required to do so by some other standard or client, 
there is no requirement to designate First Aid Responders.  However, if the decision is 
made to designate First Aid Responders, all requirements of this HSP apply. 

This HSP does not apply to employees who voluntarily obtain First Aid/CPR certification 
for their own personal benefit, and were not designated by ARCADIS as a First Aid 
Responder. 

5.2 First Aid Supplies/Kits 

Employees designated or expected to act as First Aid Responders have first aid supplies 
readily available. The type of work being done, worksite and office sites are considered 
when determining the contents of a first aid kit.  If exposure to the weather is possible, 
the contents of the first aid kit are protected. 

The OSHA standard does not specify what should be in a kit, but does reference the 
recommendations by ANSI in their Z308.1-1998 publication, “Minimum Requirements for 
Workplace First Aid Kits” which provides types of kits and basic and optional contents. 
The contents of a basic first aid kit are provided in Exhibit 1.   

The first aid kit will also contain appropriate PPE and waste disposal supplies as required 
in OSHA’s Bloodborne Pathogens standard described in the ARCADIS Bloodborne 
Pathogen HSP (ARC HSGE005).  First aid kits will not contain medications that have 
potential to cause drowsiness or contain prescription medications.  
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Some sort of routine inventory is done on all first aid kits. For job site first aid kits, the 
inventory is checked when it is initially taken to the job site, weekly thereafter, and 
anytime first aid is rendered. For office first aid kits, the inventory is checked monthly and 
anytime first aid is rendered.  An example of an inventory form is included in Exhibit 2. 

5.3 Emergency Eye Wash and Body Wash Equipment 

Where the eyes or body of an employee may be exposed to injurious corrosive materials, 
suitable facilities for emergency drenching/flushing of the eyes and body is provided 
within the “immediate” work area. 

6. TRAINING 

First Aid/CPR training occurs prior to assignment as a First Aid Responder.  Training is certified 
by the American Heart Association (AHA).  Exceptions to using the AHA need to be approved by 
the Health & Safety Department before proceeding with training through another vendor. 

In accordance with AHA guidelines, CPR certification is provided on a bi-annual (every two years) 
basis.  Due to the importance of First Aid training, certification is required bi-annually at the same 
time as the CPR certification.  Bloodborne pathogen training is required annually per OSHA’s 
Bloodborne Pathogens standard described in ARCADIS Bloodborne Pathogen HSP (ARC 
HSIH005). 

7. REFERENCES 

CFR 1910.151, “Medical Surveillance and First Aid” 

CFR 1926.50, “Medical Services and First Aid” 

OSHA Technical Links, “Medical and First Aid” 

OSHA September 2, 1993 Compliance Letter, “Definitions for ‘near proximity’ and ‘serious injury’” 

ANSI Z308.1-1998 publication, “Minimum Requirements for Workplace First Aid Kits” 

8. RECORDS 

Upon completion of the AHA First Aid/CPR course, certification cards are issued.  Copies of the 
certification cards are sent to the Area Administrator and ARCADIS Training Department. 
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9. APPROVALS AND HISTORY OF CHANGE 

Approved By: Pat Vollertsen, Director of H&S Training and Administration 

 

 

History of Change 

Revision Date 
Revision 
Number 

Reason for change 

10 January 
2008 

01 Original document 

28 April 2010 02 Add clarification of “near proximity” in section 5.1 
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Exhibit 1 – Basic First Aid Kit Contents 

(ANSI Publication Z308.1-1998 and ARCADIS Best Practice*) 

Item and Minimum Size or Volume Minimum Quantity 

Absorbent Compress, 32 sq. inches with no side smaller than 4 
inches. (81.3 sq. cm. with no side smaller than 10 cm) 

1 (sealed and sterile) 

Adhesive Bandages, 1x3 inches 2.5x7.5 cm) 16 (sterile & individually packaged) 

Adhesive Tape, 5 yards total (457.2 cm) 1 

Antiseptic application, 0.5g (0.14 fl. oz.) 10 (individual use packets) 

Burn Treatment, 0.5g (0.14 fl. oz.) 6 (individual use packets) 

Medical Exam Disposable Gloves 2 pair 

Sterile pad, 3x3 inches (7.5x7.5 cm) 4 (individually packaged pads) 

Triangular Bandage, 40x40x56 inches (101x101x142 cm) 1 

* Mouth Guard (to be used if giving mouth-to-mouth resuscitation) 1 (individually packaged) 
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Exhibit 2 – Sample First Aid Kit Inspection Form 

MONTHLY CHECK OF FIRST AID CABINET 

If any items appear missing, (responsible ARCADIS party name or vendor name) will be 
contacted that same day so that replacement supplies can be ordered.  (responsible ARCADIS 
party name vendor name

Year    

) will also inspect, replace and remove and replace out-dated items 
every ( # ) days.  

 

Date Checked Checked By Date Checked Checked By 

    

    

    

    

    

    

 

Checked by: 

1.   

2.      

3.      

Replacement:  Place an asterisk (*) beside the date a missing item(s) was noted and when the 
vendor was called; note below when replacement was delivered.   Include any other pertinent 
comments.  
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1. POLICY  

It is ARCADIS policy to inform all employees of the hazardous chemicals they may encounter 
during their work activities.   This shall be accomplished through the development and 
implementation of a location and project specific hazard communication process that includes 
Material Safety Data Sheets (MSDS), container labeling, and training.  Hazard Communication 
(HazCom) requires a written program specific to each location or job site where hazardous 
chemicals/products are used or stored. The principal goal of the written program is to inform 
employees, contractors, and subcontractors about potential hazards associated with routinely 
used chemicals/products. A checklist that will assist in evaluating conformance with this 
procedure is found in Exhibit 1. 

 
2. PURPOSE AND SCOPE 

2.1 Purpose 

The purpose of this Health and Safety Procedure (HSP) is to provide direction on the 
development and implementation of a office location or project specific HazCom program.  
Each office or job site that is subject to the HazCom standard shall have a written 
program regarding chemical use and storage. The program should describe how the 
requirements of the standard will be met. The program should address the following: 

• Master Inventory List (MIL), 

• Material Data Safety Sheets (MSDSs), and 

• Labeling system and requirements. 

• Training 

2.2 Scope 

This HazCom HSP applies to all office locations and job sites that store or use hazardous 
chemicals/products on site (office or field). Use of a hazardous chemical includes 
generation of that chemical as a byproduct. It covers the requirements of both the US 
OSHA and State, and Federal Canadian and Provincial standards. 

 
3. DEFINITIONS 

Workplace includes any office or job site where hazardous chemicals/products are stored or 
used. 

Use of a chemical means to package, handle, react, emit, extract, generate as a byproduct, or 
transfer. 
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4. RESPONSIBILITIES 

Corporate H&S Staff - assist the locations and project sites with the development and 
implementation of the required HazCom program.  In addition, provide the tools and resources for 
employees to have access to information on hazardous chemicals. 

Location Leaders and H&S Coordinators – are responsible for the development and 
implementation of a HazCom program in their location.   

Employees – are responsible for reviewing MSDS of the substances they are going to work with 
and make sure they understand all relevant information as well as take necessary precautions. 
They are responsible for ensuring that containers of hazardous chemicals they are using are 
appropriately labeled and if not, for obtaining the proper labeling.   

Managers and Supervisors – are responsible for providing the necessary resources for the 
appropriate development and implementation of an appropriate HazCom program. 

Project Managers and Principals in Charge (PICs) – are responsible for ensuring that a 
HazCom program is developed and implemented on projects where hazardous chemicals are 
utilized or encountered.  PMs and PICs are also responsible for understanding their clients’ 
requirements for HazCom and that hazardous chemical information is shared with the client.  In 
addition, PICs and PMs are responsible for ensuring their project staff has had training in 
HazCom per this HSP. 

Site Safety Officers (SSOs) – will act as the HazCom Program Coordinator for the project sites 
and shall maintain the Master Inventory List (MIL) of hazardous chemicals kept on the job Site. 
The SSO is responsible for maintaining MSDS on Site for all chemicals.  The SSO is responsible 
to communicate the location of the MSDS and the hazards associated with these chemicals to all 

project Site ARCADIS employees and subcontractors during the safety orientation.  The SSO 
shall ensure that all containers of chemicals (including drums, bags, pails, tanks, vessels, etc.) 
are labeled appropriately.  

  
5. PROCEDURE 

5.1 Written Program 

Every office within ARCADIS shall develop and maintain a written HazCom program 
specific to their location and activities.  The program should be developed using the 
template provided in Exhibit 2 of this procedure.  The program shall be reviewed 
annually.  The written program shall be maintained in a location that is accessible to each 
employee when they are in the office.  Employees shall be notified of its presence and 
how to access it.   

For project sites, the project H&S plan (HASP) shall serve as the documented written 
HazCom program for that site.  The HASP shall provide information about the chemicals 
present on the site (inventory), the location of the MSDS on site, and the labeling of 
containers.  In addition, the required training shall be part of the site orientation and the 
daily or more frequent tailgate meetings at the project site. 
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5.2 Master Inventory List (MIL) 

A MIL is an inventory of all chemicals/products found on-site. At each location or project 
site, an inventory of the hazardous chemicals present shall be completed at least once 
per year, or as new chemicals are introduced to or removed from the location and more 
often as necessary.  This inventory shall be developed into a MIL of hazardous 
chemicals. This inventory includes hazardous chemicals present in piping and those that 
may be generated as a byproduct of other activities.  

Upon completion of the inventory, it shall be determined if any of the chemicals/products 
identified are exempt from the appropriate HazCom standard that is applicable to the 
location. If the chemicals/products at the location are exempt from HazCom, it shall be 
noted on the MIL. The MIL shall be made available to all employees and should be kept 
current and accurate. The MIL for a project will be found in the HASP. A sample MIL form 
for office use is found in Exhibit 3. 

Common chemical exemptions include: 

1. Foods, drugs, or cosmetics intended for personal consumption by employees; 
 
2. Any consumer product or hazardous substance used in the workplace in the 

same manner as normal consumer use, and which use results in a duration and 
frequency of exposure which is not greater than exposures experienced by 
consumers; and 

 
3. Office products to which office workers would have non-route exposure. 

 

Exhibit 4 provides a listing of those chemicals which are commonly determined to be 
exempt in ARCADIS offices.  However, each office and project site must determine what 
is exempt by using the exemption descriptions above. 

The MIL shall be reviewed periodically. Any new chemicals/products will be added and 
those no longer in use or kept at the office or job site shall be deleted. 

5.3 Labeling 

All primary and secondary containers of hazardous chemicals/products listed on the MIL 
must be labeled. Labels or other forms of warning will be legible, in English, and 
prominently displayed on the container, or readily available in the work area. For 
employees who speak another language(s), information may be added in their language 
to the label or other form of warning. At a minimum, label information shall include: 

● Proper chemical name, 

● Appropriate hazard warnings (words, pictures, or symbols that illustrate the hazards 
of the chemical/product), and 

● Name and address of the manufacturer/importer. 
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Manufacturer labels are acceptable as long as they meet these HAZCOM criteria. Any 
chemicals/products that do not meet the basic label requirements must not be used or 
purchased. Employees shall not use chemicals/products in unlabeled containers, and if 
the chemical/product is transferred to a temporary container, the temporary container 
must also have a proper label. Periodic inspections, which can be done in association 
with the periodic MIL review, shall be performed to ensure that all containers are 
appropriately labeled. 

Exhibit 5 presents the most common labels used by manufacturers and Exhibit 4 is a 
description of the NFPA (National Fire Protection Association) chemical hazard label.  
These labels are available through the H&S vendor used by the company. 

5.4 Material Safety Data Sheets (MSDSs) 

A Material Safety Data Sheet shall be obtained and then maintained for each chemical 
subject to the HAZCOM standard. It shall be readily available to all employees who may 
utilize or be exposed to the applicable chemicals.  The MSDS is the principal means of 
conveying chemical-specific information to the user. MSDS’s must be present for each 
chemical used in the field. 

MSDS for those hazardous substances purchased or obtained by ARCADIS or are in 
their original container from the manufacturer or have been transferred from their original 
container to a secondary container, shall be those specific MSDS developed and 
provided by the manufacturer for that specific substance.  (Manufacturer MSDS often 
are found on the manufacturer’s website)   MSDS for hazardous substances identified 
in the environmental media as contaminants can be obtained as generic MSDS from an 
on-line or web-based source.  

Currently ARCADIS uses a service known as the HazMat Zone which is linked on 
the Health & Safety APEX site.)  

The MSDS shall contain at least the following: 

• Identity used on the label; 

• Physical and chemical characteristics; 

• Physical hazards; 

• Health hazards; 

• Primary route(s) of entry; 

• OSHA permissible exposure limit, ACGIH threshold limit value and any other 
exposure limit; 

• If it is listed on the NTP report on Carcinogens or has been found to be a 
potential carcinogen; 
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• Any general precautions for safe handling and any applicable control measures; 

• Emergency and first aid procedures; 

• Date of preparation or revision of the MSDS; and  

• Name, address and phone number of party responsible for the MSDS. 

A master file of MSDSs will be maintained and MSDSs shall be made readily available to 
all employees at a central office location or a readily available location at the project site. 
The MSDS master file shall be reviewed, at a minimum, annually or any time the MIL is 
updated and obsolete or outdated MSDSs shall be removed. MSDSs removed from the 
master file shall be retained for at least 30 years. 

5.5 Non-ARCADIS Employers 

If appropriate, the written program will include information regarding how other employers 
at the workplace will be provided the following: 

• Access to MSDSs for chemicals/products introduced to the workplace by 
ARCADIS; 

• Information on precautions that should be taken regarding these 
chemicals/products; and  

• Information regarding any site-specific labeling system. 

In addition, clients frequently ask for us to provide MSDS for the chemicals ARCADIS will 
bring onto their sites.  The PM shall determine if this is a requirement.  However, 
ARCADIS field staff can also ask the client or other parties working in their vicinity for 
MSDS for hazardous substances being used.   

 
6. TRAINING 

All employees who may be exposed to hazardous chemicals/products under normal operating 
conditions or in foreseeable emergency situations shall receive HazCom training. Training shall 
occur upon initial assignment to work, whenever workplace hazards change, or anytime a new 
hazard is introduced.  Training will be followed per the requirements and instruction provided by 
Archimedes and Corporate H&S. 

HazCom training shall include the following elements: 

• The requirements of the HazCom standard; 

• The location of the written HazCom program;  
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• The location of the MIL and MSDSs;  

• Instructions on reading MSDSs;  

• Details on labeling requirements and label information; 

• Operations in the workplace that involve or generate hazardous chemicals;  

• Hazards associated with chemicals/products in the workplace; 

• Methods that may be used to detect the presence of hazardous chemicals/products; and 

• Methods employees can use to protect themselves from hazardous chemicals/products 
including appropriate work practices, emergency procedures, and personal protective 
equipment (PPE). 

 
7. REFERENCES 

29 CFR 1910.1200 “Hazard Communication Standard” 

Canadian Hazard Communication Standard (WHMIS)  
http://www.hc-sc.gc.ca/ewh-semt/occup-travail/whmis-simdut/index-eng.php  
 

 
8. RECORDS 

The MSDSs shall be kept at the office location or in the project files 

Training records will be kept in the corporate training database. 

Exhibits for this Section: 
Exhibit 1 – HazCom Program Checklist   
Exhibit 2 – Template HazCom written program document 
Exhibit 3 – Master Chemical Inventory Form 
Exhibit 4 – List of Common Exemptions 
Exhibit

 
 5 – Samples of Common Container Labels 

 
 
 
 
 
 
 

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10099�
http://www.hc-sc.gc.ca/ewh-semt/occup-travail/whmis-simdut/index-eng.php�
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9. APPROVALS AND HISTORY OF CHANGE 

Approved By:   

Mija A. Coppola, Director, H&S Compliance Assurance, LPS, Communications  

 

 

History of Change 

Revision 
Date 

Revision 
Number 

Reason for change 

1 June 2009 01  Original document 
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Exhibit 1

HAZARD COMMUNICATION PROGRAM COMPLIANCE CHECKLIST 

 - HazCom Program Checklist   

 

ARCADIS Office:       Jobsite (if applicable):     

Completed By (name/job title):       Date:     

 Yes No Comments 

1.   Do you have a copy of CFR 1910.1200? 

• Have you read and understand the 
requirements?  

   

   

2.   Do you have a written program? 

• Have program responsibilities been 
assigned? 

• Does the program establish a procedure 
to review and evaluate program on an 
annual basis? 

   

   

   

3.   Has a list of all hazardous 
chemicals/substances in the office/jobsite 
been prepared?

1

• Does the program contain a method for 
updating this list? 

 

   

   

4.   Is there an MSDS for each hazardous 
chemical/substance? 

• Does the program ensure that incoming 
hazardous chemicals/substances have 
an MSDS?  

   

   

5.   Does the program ensure that all incoming 
hazardous chemicals/substances have 
labels?    

6.   Does the program address how to identify 
   

                                                      

1
 The Chemical Inventory Report Form should be used to complete this list. 
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new chemicals/substances before they are 
used? 

• Does the program address how 
employees will be informed of new 
chemicals/substances?     

7.   Do employees understand how to detect the 
release of hazardous 
chemicals/substances?    

8.   Are employees: 

• Aware of HazCom Standard 
requirements and information specific to 
this office/jobsite? 

• Familiar with hazards of the 
chemicals/substances at this 
office/jobsite? 

• Informed of the hazards of performing 
non-routine tasks? 

 

   

   

   

9.   Has training been provided in regard to 
proper work practices and PPE?      

10. Does the training: 

• Provide information on emergency 
procedures/first aid including symptoms 
of overexposure? 

• Provide an explanation of labels and 
warnings that are used in the work area? 

• Describe where employees can find the 
MSDS?  

• Describe how to read/use an MSDS? 

   

   

   

   

   

 

 

COMMENTS:               
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Exhibit 2

HAZARD COMMUNICATION PROGRAM 

 – Template HazCom Written Program for Offices 

ARCADIS OFFICE:                                                               

 

WRITTEN BY:                                                                                 DATE WRITTEN:   
   

 

REVISED BY:                                                               DATE REVISED:  

 

Applicability 

Where applicable, ARCADIS shall comply with the OSHA Hazard Communication (“HazCom”) 
standard (29CFR 1910.1200) by maintaining a hazardous chemicals list and associated MSDS; 
by ensuring that containers are labeled; and by providing training to applicable employees.  This 
written HazCom program applies to all work locations where there is potential for exposure to 
hazardous chemicals under normal working conditions or during an emergency situation.  A copy 
of the written program may be obtained from: ________________ Program Coordinator 

The ______________________, is the Program Coordinator.  The Program Coordinator will be 
available to answer questions regarding hazards and appropriate protective measures, and shall 
ensure that: 

• The written program is reviewed at least annually, updated as necessary, and that 
documentation of the reviews are kept with the plan; 

• A list of hazardous chemicals is completed on the “Master Chemical Inventory List (MIL) 
Form” and updated as necessary (see Exhibit 3 of ARC HSGE007); 

• An MSDS is available for all chemicals on the Chemical Inventory Report form except 
those that are exempt from the standard; 

• MSDS that are no longer applicable are archived and maintained for 30 years; 

• All hazardous chemicals are properly labeled; 

• All applicable employees and new hires have received training before they begin work to 
which this program applies; and 

• Safe work practices are followed in regard to hazardous chemicals. 
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Exhibit 1 of ARC HSGE007 includes a checklist that may be used as a tool to assure compliance 
with the HazCom standard 

List of Hazardous Chemicals  

The Program Coordinator shall make a list of all hazardous chemicals and will review the list at 
least annually, or more often as necessary, and maintain and update the list as necessary.  
Hazardous chemicals that are bought for and kept at a particular job site will not be included on 
this list, but shall be included in the site specific health and safety plan.  The completed MIL for 
the _________ office can be found at _________________. 

The Program Coordinator must be informed of all new hazardous chemicals purchased unless 
the chemical is being purchased for and kept at a particular job site.  Upon receiving this 
information, the Program Coordinator will update the MIL within 10 business days.  Employees in 
a position to purchase materials must adhere to purchasing department guidelines and assure 
new chemicals are not used until the MSDS information has been obtained and appropriate 
employee training occurs. 

Material Safety Data Sheets (MSDS)  

MSDS provide specific information on the chemicals used by this office.  For each chemical listed 
on the MIL  (other than those exempt from the HazCom standard), an MSDS shall be kept on file 
in a location that is easily accessible and known to all applicable employees.   

Copies of applicable MSDS for this office can be found _____________, in a [indicate if they are 
kept in a binder, folder or electronically] that is labeled ______________ [if your office maintains 
MSDS in other locations, such as work vehicle or job site, note this information here].  Applicable 
MSDS should accompany the hazardous chemical/chemicals to the jobsite, and the Project 
Manager shall ensure that each work site has applicable MSDS on hand at the job site.    

The Program Coordinator is responsible for acquiring and updating MSDS and will contact the 
chemical manufacturer or vendor if additional research is necessary or if an MSDS has not been 
supplied with an initial shipment/purchase. 

The Program Coordinator must be informed of all new hazardous chemicals purchased unless 
the chemical is being purchased for and kept at a particular job site.  

Labels and Other Forms of Warning  

All hazardous chemicals must be properly labeled and the label should list at a minimum, the 
chemical identity, appropriate hazard warnings, and the name and address of the manufacturer, 
importer or other responsible party.  The Program Coordinator can assist employees in verifying if 
containers are properly labeled and answer questions employees may have about label content. 

Chemicals should be used in the original container whenever possible.  If it becomes necessary 
to transfer a chemical to a portable/temporary container, the following rules apply:   

• If it is intended for immediate use, no labels are required for the portable/temporary container; 
or 
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• If it will not be used immediately (e.g., used over several days or by various people), a label 
that identifies the hazards (e.g., samples in Exhibit 5 of ARC HSGE007) must be completed.  

o Hazard information from the manufacturer’s hazard label should used to complete the 
temporary label. 

o The temporary label will be affixed to the temporary/portable container and removed 
once the container is no longer being used.    

o Remember, temporary labels are for internal use only and can’t be used as or replace 
shipping labels. 

Where applicable, the contents of pipes or piping systems shall be described in training sessions, 
and they do should be labeled as to their contents.  (This will be a site specific issue that should 
be addressed in site specific safety plans) 

[If you utilize stationary containers within a work area, include the following information in this 
program:  If stationary containers within a work area have similar contents and hazards, labels 
shall be posted on them to convey hazard information.] 

Non-Routine Tasks  

Where applicable, site specific health and safety plans shall address the chemical hazards 
associated with non-routine tasks (e.g., cleaning tanks, entering confined spaces, etc.).  The site 
specific plan will inform applicable employees of the hazardous chemicals to which they may be 
exposed and the precautions they must take to reduce or avoid exposure.  It will also address any 
additional training that may be required.  

Training  

All employees who work with (or are in the vicinity of) hazardous chemicals or who are potentially 
exposed to hazardous chemicals, shall receive initial training on the HazCom Standard and the 
safe use of those hazardous chemicals.  

The Program Coordinator____________________ will conduct these training sessions in a 
______________ [indicate if you will use classroom, or an online/classroom combination] format.   
[Whether you are using an online or classroom program, information specific to your office must 
be part of the training.  For example, who is the program coordinator, where is the chemical 
inventory form kept, where are the MSDS located, etc.]  Whenever a new hazard is introduced, 
additional training shall be provided to applicable employees.  

The training program shall emphasize these items:  

• A summary of the standard and this written program.  

• The chemical and physical properties of hazardous materials (e.g., flash point, vapor 
pressure, reactivity) and methods that can be used to detect the presence or release of 
chemicals (including, where applicable, chemicals in unlabeled pipes).  

• The physical hazards of applicable chemicals (e.g., potential for fire, explosion, etc.).  
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• The health hazards, including signs and symptoms of exposure, of the chemicals in work 
area and any medical condition known to be aggravated by exposure to these chemicals.  

• Procedures to protect against chemicals hazards (e.g., required personal protective 
equipment, and its proper use and maintenance; work practices or methods to ensure 
appropriate use and handling of chemicals; and procedures for emergency response).  

• Work procedures to follow to assure protection when cleaning hazardous-chemical spills and 
leaks.  

• Labeling system to be used. 

• The location of the MSDS, how to read and interpret the information on labels and MSDS, 
and how employees may obtain additional hazard information. 

The Program Coordinator or his/her designate will review the employee training program and 
make changes as necessary.  Retraining is required when hazards change or when a new hazard 
is introduced into the workplace.  

Contractors  

The Program Coordinator shall advise contractors performing work in ARCADIS offices of any 
chemical hazards that may be encountered in the normal course of their work on the premises, 
the location of MSDS, the labeling system in use, the protective measures to be taken, and the 
safe handling procedures to be used.  Each contractor bringing chemicals on-site must provide 
the Program Coordinator with the appropriate hazard information for these substances, including 
MSDS, labels, and precautionary measures to be taken when working with or around these 
chemicals.  

Project Managers for ARCADIS projects will follow the requirements of the project health and 
safety plan for communication with the contractors used on projects. 

Additional Information 

Employees can obtain further information on this written program, the hazard communication 
standard, applicable MSDS, and chemical information lists from the Program Coordinator.   
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Exhibit 3 – Master Inventory List form 



 

 

ARCADIS HS Procedure Name 
Hazard Communication 

Revision Number 
01 

 

Implementation Date 
1 June 2009 

ARCADIS HS Procedure No. 
ARC HSGE007 

Revision Date 

1 June 2009 

Author 
Mike Thomas 

Page E8 of E11 Approver 
Mija Coppola 

 

 

 



 

 

ARCADIS HS Procedure Name 
Hazard Communication 

Revision Number 
01 

 

Implementation Date 
1 June 2009 

ARCADIS HS Procedure No. 
ARC HSGE007 

Revision Date 

1 June 2009 

Author 
Mike Thomas 

Page E9 of E11 Approver 
Mija Coppola 

 

 



 

 

ARCADIS HS Procedure Name 
Hazard Communication 

Revision Number 
01 

 

Implementation Date 
1 June 2009 

ARCADIS HS Procedure No. 
ARC HSGE007 

Revision Date 

1 June 2009 

Author 
Mike Thomas 

Page E10 of E11 Approver 
Mija Coppola 

 

 

Exhibit 4

For purposes of the ARCADIS HazCom program and to comply with the Occupational Safety and Health 
Administration Hazard Communication Standard (HCS), the following categories of materials are 
exempted from the requirements of the HazCom program: 

 – List of Common Exemptions 

• Articles defined as: 

o Items that are formed to a specific shape or design during manufacture; and 

o Items that have end use functions dependent in whole or in part upon its shape or design 
during end use; and  

o Items that do not pose a physical hazard or health risk to employees; and 

o Items that, under normal use, do not release more than very small quantities (e.g., minute or 
trace amounts of a hazardous chemical). 

 Note:  If the use and/or repair of the article requires a modification that results in severe 
alterations of the article (e.g. grinding, cutting, welding, brazing, soldering, etc.), then the 
material that make up the article and any other material being used to alter the article ARE 
NOT exempted from the HazCom standard. 

• Tobacco or tobacco products. 

• Wood or wood products when handled as an article. 

• Food or alcoholic beverages. 

• Drugs intended for personal consumption by employees while in the workplace (e.g., first aid 
supplies). 

• Cosmetics. 

• Ionizing and non-ionizing radiation. 

• Biological hazards (e.g. bloodborne pathogens, snake venom, poison ivy/oak, etc.) 

• Any consumer product where the use results in a duration and frequency of exposure, which is not 
greater than the range of exposures that could reasonably be experienced by consumers when 
used for the purpose intended.   

o Examples of products used at ARCADIS that are used as a consumer would use them are: 
 window cleaner 
 paper correction fluid 
 sealed containers of cartridge toner for copiers 
 cleaning supplies in consumer-available quantities 
 dry cell batteries that could be used in consumer equipment 
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Note:  The following are examples of products that are not exempt because they are used in a 
manner not considered consumer use: 

 spray paint used for surveying, utility locates, etc, 
 lab chemicals and supplies 
 chemicals used for environmental testing equipment (pH buffers, chemical packets and 

dyes) 
 cleaning supplies associated with lab work and decontamination (e.g., Alconox 

detergent) 
 Cements and primers used for making PVC pipe connections 
 Spray lubricants used for industrial equipment maintenance (e.g., WD-40 and rust 

removers) 
 spray adhesives used as drafting supplies 
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Exhibit 5
 

 – Sample Container Labels 

These types of labels can be purchased from various vendors with pre-filled in or blank. 
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1. POLICY  

It is ARCADIS US policy that ARCADIS staff will participate in tailgate meetings to be held at 
least once daily on ARCADIS project sites that occur outside of an office environment to ensure 
that the health and safety issues of the day’s activities are understood by all affected parties and 
that appropriate controls are in place.     

2. PURPOSE AND SCOPE 

2.1 Purpose 

This standard describes the requirements for implementing an incident- and injury-free 
workplace by providing guidance on tailgate safety meetings to be performed prior to all 
projects performed by ARCADIS staff outside of an office-setting or environment.  

2.2 Scope 

This standard applies to all non-office related activities performed by ARCADIS or on behalf 
of ARCADIS.  If the site and project is controlled by ARCADIS, tailgate meetings will include 
the participation of all ARCADIS staff, ARCADIS subcontractors and other involved site 
personnel as appropriate. If the site is controlled by another party (e.g., a construction site on 
which ARCADIS is providing a resident engineer or owner’s representative), then ARCADIS 
staff should attend the tailgate meeting held by the controlling party, if one is held.  If the 
tailgate meeting does not address ARCADIS activities or is not deemed adequate, then the 
ARCADIS staff will hold their own tailgate meeting following this standard.   

If there is only one ARCADIS staff on the site for the day, then the PM and field staff will 
conduct the tailgate via phone as deemed appropriate. 

It is also ARCADIS US policy that more than one tailgate meeting may be held as appropriate 
for the activities.  

3. DEFINITIONS 

Definitions  applicable to this standard may be found in ARC HSMS000 – Health and Safety 
Management System. 

4. RESPONSIBILITIES 

Field Supervisor – In the scope of this practice, the designated field supervisor will lead or 
designate an alternative leader to lead the tailgate meeting.  In addition, the field supervisor will 
verify that in the tailgate meeting, the following are clearly established, communicated and 
reinforced, and that the workforce understands them:  
  
• A process for the transfer of control of work between work groups as appropriate and 

applicable 
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• Specific standards and policies that will be followed (e.g., Health and Safety Plan (HASP), 

Job Loss Analysis (JLA), H&S Standards, Field H&S Handbook, etc.) 
   
• Assignment of other responsibilities based on the site activities and hazards to competent 

staff 
 
Project and Task Managers – are responsible for ensuring that all appropriate hazard 
assessments have been completed, that all project requirements have been communicated to the 
field supervisor and other responsible parties, that competent personnel, based on the activities and 
hazards, have been assigned to the project, and that all employees including ARCADIS, 
subcontractors and other site personnel know of their requirement and participation in all tailgate 
meetings conducted for the project. 

Health and Safety Staff and Project Site Safety Officers or Supervisors – assist with the 
completion of hazard identification and assessments as appropriate for the project.  In addition, 
these staff will assist with determining the proper controls and provide information for the tailgate 
meetings that is relevant to the site activities and the hazards to be encountered by employees.   

Employees – are responsible for actively participating in the tailgate meetings, acknowledging 
their presence at the tailgate meetings, and participating in hazard assessments for the activities 
in which they will be involved.  Employees are responsible for understanding the hazards of their 
activities, implementing the controls for the hazards and using Stop Work Authority if they don’t 
understand the hazards, their job tasks, or if they do not feel safe. 

5. PROCEDURE 

5.1  Tailgate Meetings  
 
Tailgate meetings will be held, at a minimum, at the start of each work day, shift or task 
change. It may be necessary to hold tailgate meetings at other times based on the site, 
activities, and personnel on the site.  Tailgate meetings are usually conducted by the field 
supervisor, the site safety officer or both.  At times, the Project Manager or Task Manager 
may lead the tailgate meeting. 
 
Work crews that include a lone worker will hold a tailgate meeting by telephone with the 
Project or Task manager as appropriate.  The lone worker or small workgroup will call in at 
the end of the day to complete the tailgate meeting form per this standard.   
  
Tailgate meetings will review the planned work activities for the work period, discuss and 
resolve the risks and mitigations, discuss any health, safety, security and environment 
concerns and raise the consciousness of each worker before they start work. Utilizing the 
Tailgate Meeting form in Exhibit 1 will ensure that relevant topics are addressed. 
 
5.2 Tailgate H&S Meeting Form  
 
The Tailgate H&S Meeting Form (Exhibit 1) will be used to document the conduct of the 
tailgate H&S meeting.  Copies of the completed form will be kept in the project files. It will be 
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completed by the designated leader of the meeting during the completion of the meeting and 
for post day activities review as indicated on the form. 
 
5.3  Participation and Preparation  

 
Effective tailgate meetings require participation. When selecting the location of the meetings, 
the meeting leader will ensure it is in a place free from distraction and that allows for 
interaction and participant comfort.  This will help encourage participation.   
 

6. TRAINING 

No specific training or competence is required related to the conduct of the Tailgate Meeting.   

7. REFERENCES 

ARCADIS Health and Safety Plan standard – ARC HSFS010 

8. RECORDS 

Tailgate Meeting forms to be kept on-site and then in project files per ARCADIS project 
recordkeeping requirements 

9. APPROVALS AND HISTORY OF CHANGE 

Approved By:  Mija Coppola, Director of H&S 

 

 

History of Change 
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 Reason for change 

14 September 2009 01 Original document 

1 Feburary 2010 02 Made minor edits to text.  Also, made 
modifications to Tailgate Meeting form.  Changed 

JSA to JLA. 

22 February 2010 03 Added tagline to the Tailgate meeting form 
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Exhibit 1 –Tailgate Meeting form 
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1. POLICY  

It is ARCADIS policy that during the conduct of their work, ARCADIS and subcontractor 
employees have the authority and responsibility to Stop Work immediately in any situation when  
the Health, Safety, Security and Environment hazards and associated risks associated with work 
being performed is not clearly understood, established or controlled. This standard presents the 
requirements to be observed if and when this situation occurs. 

2. PURPOSE AND SCOPE 

2.1 Purpose 

This standard describes the authority, obligation and responsibility to stop potentially 
unsafe work at the earliest stage possible. Every ARCADIS and subcontractor employee 
is responsible for prevention of unsafe acts, behaviors or conditions, consequently 
preventing harm to people, the environment or property. 

Every ARCADIS and subcontractor employee has the authority and obligation to stop 
work that he or she considers to be unsafe. The ARCADIS leadership team is committed 
to support anyone who exercises his or her ‘Stop Work’ authority. There will be no 
negative consequences as a result of ‘Stop Work’ actions. 

2.2 Scope 

This standard applies to all activities performed by ARCADIS or on behalf of ARCADIS. A 
stop work process will include the participation of all ARCADIS, ARCADIS subcontractors 
and other involved personnel as appropriate. 

3. DEFINITIONS 

Planned ‘Stop Work’ is a ‘Stop Work’ situation previously identified in a Job Loss Analysis, 
HASP or other standard (e.g., ‘Stop Work’ trigger) 

‘Stop Work’ is the stopping of all activities associated with a task, condition, situation, action or 
activity (issue) that anyone views as potentially unsafe.  ‘Stop Work’ can be applied to the single 
issue, a group of issues, or an entire job project or site as applicable. 

4. RESPONSIBILITIES 

Senior Leaders (including Account Managers and company leadership)  

In the scope of this standard, senior leaders shall establish the clear expectation for ARCADIS 
employees and subcontractors to exercise ‘Stop Work Authority’,  create a culture where ‘Stop 
Work’ is exercised freely, resolve ‘Stop Work’ conflicts when they arise, and hold those 
accountable who do not to comply with established ‘Stop Work’ policies.  

Project Managers and Field Supervisors 

In the scope of this standard, project managers and field supervisors are responsible for 
confirming that ‘Stop Work’ requirements and obligations are understood thoroughly by ARCADIS 
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and subcontractor employees,  creating a culture where ‘Stop Work’ is exercised freely, honoring 
and responding promptly to requests to stop work, working to resolve issues to the satisfaction of 
all involved parties before operations resume, recognizing proactive participation and verifying 
that all ‘Stop Work’ actions are properly reported with required follow-up, as necessary. 

ARCADIS and Subcontractor Employees 

In the scope of this standard, ARCADIS and subcontractor employees are responsible for 
understanding their authority and obligations under ‘Stop Work,’ initiating a ‘Stop Work’ 
intervention when warranted, supporting the intervention of others and properly reporting all ‘Stop 
Work’ actions as described in this standard. ARCADIS and subcontractor employees are 
responsible for understanding the hazards of their activities, implementing the controls for the 
hazards and using ‘Stop Work’ authority if they don’t understand the hazards, their job tasks, or if 
they do not feel safe for any reason.  In addition, employees will participate in determining and 
implementing the solutions for mitigating the unsafe issue. 

5. PROCEDURE 

5.1 General Requirements:  

• ARCADIS and subcontractor employees are made aware of their obligation to ‘Stop 
Work’ for issues that they consider to be unsafe.  

•  Employees have the authority, obligation and responsibility to stop any task or 
operation where there are concerns or questions regarding the control of the hazards 
or risks associated with a task or operation that is being performed.  

• No work will resume until all ‘Stop Work’ concerns or questions have been 
adequately addressed and associated risks have been eliminated or mitigated to 
acceptable levels to the satisfaction of all parties involved.  

• All employees are made aware of the actions they shall take, including reporting, 
when stopping unsafe work.  

• All indications from personnel that the work is unsafe must be properly investigated 
as deemed appropriate for the situation. All instances of work being stopped for 
reasons of health and safety shall be recorded and  appropriately investigated.  This 
documentation may be completed using the Tailgate Meeting form or using the 
ARCADIS Incident Investigation process. 

• Any form of retaliation or intimidation directed at any individual or company for 
exercising their authority as outlined in this standard will not be tolerated. Disregard 
for the requirements in this standard shall be addressed with disciplinary actions in 
accordance with ARCADIS policy.  

• Before work begins, a responsible person shall be defined by the Project Manager for 
coordination of any ‘Stop Work’ activities, including hazard and risk assessment and 
mitigation actions following a ‘Stop Work’ intervention (refer to the Tailgate Meetings 
standard – ARC HSGE001).  
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5.2 ‘Stop Work’ process 

In general terms, ‘Stop Work’ involves:  

• Initiating a ‘Stop Work.’  

• Notifying affected employees, other personnel (including client staff) and supervision.  

• Assessing hazards and associated risks.  

• Identifying and implementing controls.  

• Resuming work once a hazard assessment and controls implementation (if 
applicable) are approved by a competent person and are satisfactory to all parties 
involved.  

5.2.1 Initiate a ‘Stop Work’  

When a person identifies a perceived or actual unsafe condition, act, error, omission, 
confusion or lack of understanding that could result in harm to persons, the environment 
or property, he or she shall immediately initiate a ‘Stop Work’ intervention.  

This intervention shall:  

• Be initiated in a positive manner.  

• Result in a stop of associated work activities, if there is an immediate risk of injury or 
accident; removal of all person(s) (also persons not directly related to the ARCADIS 
Work Team) from the area; as appropriate to the issue;  stabilization of the situation 
and making the area as safe as possible, until more permanent solutions can be 
developed and implemented as appropriate to the situation.  

• If there is no immediate risk, address the potentially unsafe issue with the person(s) 
potentially at risk and/or the person(s) causing the risk. This includes all affected 
employees of ARCADIS, subcontractor,  client and other parties. 

5.2.2 Notifying the Affected Parties 

All personnel affected by the ‘Stop Work’ situation shall be notified as soon as possible .  

5.2.3 Assessing Hazards and Associated Risks 

A competent person (e.g. task manager, field supervisor, task or job expert, H&S 
resource) shall guide the assessment for all  potential hazards and risks by involving the 
affected parties to determine the hazards and assess the associated risks, so that 
appropriate controls can be identified.  This information will be documented on the 
Tailgate Meeting form or an incident investigation form in 4Sight.    
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5.2.4 Identifying Controls 

To identify controls that eliminate risk or mitigate it to an acceptable level and to decide 
on an appropriate course of action, the following questions and others shall be 
considered:  

• How can the risk be controlled or otherwise mitigated to an acceptable level and to 
the reasonable satisfaction of the parties involved?  

• Is a competent person approving the hazard and risk assessment and the identified 
controls in order to prepare to re- start work?  

All affected parties should be in agreement with the hazard and risk assessment and 
controls identification.  

The results of the hazard and risk assessment and controls identification resulting from 
the ‘Stop Work’ shall be reported, documented and maintained on either Tailgate Meeting 
form or the incident investigation form as appropriate for the issue. 

5.2.5 Qualifiers for Stopping/Resuming Work  

The following should be considered when stopping or resuming work as the result of a 
‘Stop Work’ intervention:  

• If the ‘Stop Work’ intervention is based on a perceived (but not an actual) risk as 
determined from the hazard and risk assessment, the affected person(s), as 
appropriate, should:  

o Show appreciation to the initiator for his or her awareness and concern.  

o Proceed with work.  

o Share the learnings with the initiator and involved parties.  

• If the ‘Stop Work’ intervention is based on an actual risk that cannot be immediately 
assessed and/or controlled on site by the present employees and available 
resources, work shall be suspended. If the identified controls that mitigate the risk in 
the ‘Stop Work’ situation are not within the original scope of work, the change will be 
managed appropriately, and the JSA and HASP should be reviewed to include a 
hazard and risk assessment and identify subsequent controls.  

• If the work is in the scope of a permit, the permit issuer shall review/reissue the 
permit with the necessary changes or modifications.  

Work can be resumed only once a competent person with the appropriate level of 
authority approves the hazard and risk assessment and the implemented controls and all 
parties are satisfied with the controls.  
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5.3 Reporting  

All planned and unplanned ‘Stop Work’ interventions shall be documented on the Tailgate 
Meeting form or on the incident investigation form as appropriate to the issue.    

Adequate descriptions shall be given of the act, behavior or condition that caused the 
‘Stop Work’ intervention, its hazard and risk assessment and implemented risk 
mitigations.  

‘Stop Work’ reports, like other incident reports, shall be reviewed by H&S personnel and 
reported to senior leaders to:  

• Measure participation.  

• Determine the quality of interventions and follow-up.  

• Track common issues and identify trends and opportunities for improvement.  

• Facilitate the sharing of learnings.  

• Provide feedback from recognition programs.  

The H&S team shall regularly communicate incident details regarding the number of ‘Stop 
Work’ actions reported by practice as well as details regarding common trends and 
learnings.  

6. TRAINING 

Training on Stop Work initiation and subsequent measures as desribed in this standard will be 
conducted as follows: 

• Basic H & S implementation training for all employees performing field work 

• Annual refresher trainig 

• Tailgate meetings 

7. REFERENCES 

ARCADIS Health and Safety Plan standard – ARC HSFS010 

ARCADIS Incident Investigation Standard – ARC HSMS010 

8. RECORDS 

Tailgate Meeting forms 

Incident Investigation reports  
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2SOP: Field Equipment Decontamination

Rev. #: 3 | Rev Date:  April 26, 2010

I. Scope and Application 

Equipment decontamination is performed to ensure that sampling equipment that 
contacts a sample, or monitoring equipment that is brought into contact with 
environmental media to be sampled, is free from analytes of interest and/or 

constituents that would interfere with laboratory analysis for analytes of interest. 
Equipment must be cleaned prior to use for sampling or contact with environmental 
media to be sampled, and prior to shipment or storage. The effectiveness of the 

decontamination procedure should be verified by collecting and analyzing equipment 
blank samples. 

The equipment cleaning procedures described herein includes pre-field, in the field, 
and post-field cleaning of sampling tools which will be conducted at an established 

equipment decontamination area (EDA) on site (as appropriate). Equipment that 
may require decontamination at a given site includes: soil sampling tools; 
groundwater, sediment, and surface-water sampling devices; water testing 

instruments; down-hole instruments; and other activity-specific sampling equipment. 
Non-disposable equipment will be cleaned before collecting each sample, between 
sampling events, and prior to leaving the site. Cleaning procedures for sampling 

equipment will be monitored by collecting equipment blank samples as specified in 
the applicable work plan or field sampling plan. Dedicated and/or disposable (not to 
be re-used) sampling equipment will not require decontamination. 

II. Personnel Qualifications 

ARCADIS field sampling personnel will have current health and safety training, 
including 40-hour HAZWOPER training, site supervisor training, and site-specific 
training, as needed.  In addition, ARCADIS field sampling personnel will be versed in 

the relevant SOPs and possess the skills and experience necessary to successfully 
complete the desired fieldwork.  The project HASP and other documents will identify 
any other training requirements such as site specific safety training or access control 

requirements. 

III. Equipment List 

 health and safety equipment, as required in the site Health and Safety Plan 
(HASP) 

 distilled water 
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 Non-phosphate detergent such as Alconox or, if sampling for phosphorus 
phosphorus-containing compounds, Luminox (or equivalent). 

 tap water 

 rinsate collection plastic containers 

 DOT-approved waste shipping container(s), as specified in the work plan or field 
sampling plan (if decontamination waste is to be shipped for disposal) 

 brushes 

 large heavy-duty garbage bags 

 spray bottles 

 (Optional) – Isoprophyl alcohol (free of ketones) or methanol 

 Ziploc-type bags 

 plastic sheeting 

IV. Cautions 

Rinse equipment thoroughly and allow the equipment to dry before re-use or storage 

to prevent introducing solvent into sample medium.  If manual drying of equipment is 
required, use clean lint-free material to wipe the equipment dry. 

Store decontaminated equipment in a clean, dry environment. Do not store near 

combustion engine exhausts. 

 

If equipment is damaged to the extent that decontamination is uncertain due to 
cracks or dents, the equipment should not be used and should be discarded or 
submitted for repair prior to use for sample collection. 
 

A proper shipping determination will be performed by a DOT-trained individual for 

cleaning materials shipped by ARCADIS. 
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V. Health and Safety Considerations 

Review the material safety data sheets (MSDS) for the cleaning materials used in 

decontamination. If solvent is used during decontamination, work in a well-ventilated 
area and stand upwind while applying solvent to equipment. Apply solvent in a 
manner that minimizes potential for exposure to workers. Follow health and safety 

procedures outlined in the HASP. 

VI. Procedure 

A designated area will be established to clean sampling equipment in the field prior 
to sample collection. Equipment cleaning areas will be set up within or adjacent to 

the specific work area, but not at a location exposed to combustion engine exhaust. 
Detergent solutions will be prepared in clean containers for use in equipment 
decontamination. 

Cleaning Sampling Equipment  

 

1. Wash the equipment/pump with potable water. 

2. Wash with detergent solution (Alconox, Liquinox  or equivalent) to remove all 
visible particulate matter and any residual oils or grease. 

3. If equipment is very dirty, precleaning with a brush and tap water may be 
necessary. 

4. (Optional) – Flush with isopropyl alcohol (free of ketones) or with methanol. This 
step is optional but should be considered when sampling in highly impacted 

media such as non-aqueous phase liquids or if equipment blanks from previous 
sampling events showed the potential for cross contamination of organics.  

5. Rinse with distilled/deionized water. 

Decontaminating Submersible Pumps 

 
Submersible pumps may be used during well development, groundwater sampling, 
or other investigative activities. The pumps will be cleaned and flushed before and 

between uses. This cleaning process will consist of an external detergent solution 
wash and tap water rinse, a flush of detergent solution through the pump, followed 
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by a flush of potable water through the pump. Flushing will be accomplished by 
using an appropriate container filled with detergent solution and another contained 

filled with potable water. The pump will run long enough to effectively flush the pump 
housing and hose (unless new, disposable hose is used). Caution should be 
exercised to avoid contact with the pump casing and water in the container while the 

pump is running (do not use metal drums or garbage cans) to avoid electric shock. 
Disconnect the pump from the power source before handling. The pump and hose 
should be placed on or in clean polyethylene sheeting to avoid contact with the 

ground surface. 

VII. Waste Management 

Equipment decontamination rinsate will be managed in conjunction with all other waste 
produced during the field sampling effort.  Waste management procedures are 

outlined in the work plan or Waste Management Plan (WMP). 

VIII. Data Recording and Management 

Equipment cleaning and decontamination will be noted in the field notebook. 

Information will include the type of equipment cleaned, the decontamination location 
and any deviations from this SOP. Specific factors that should be noted include 
solvent used (if any), and source of water. 

Any unusual field conditions should be noted if there is potential to impact the 

efficiency of the decontamination or subsequent sample collection. 

An inventory of the solvents brought on site and used and removed from the site will 

be maintained in the files. Records will be maintained for any solvents used in 
decontamination, including lot number and expiration date. 

Containers with decontamination fluids will be labeled. 

IX. Quality Assurance 

Equipment blanks should be collected to verify that the decontamination procedures 
are effective in minimizing potential for cross contamination. The equipment blank is 

prepared by pouring deionized water over the clean and dry tools and collecting the 
deionized water into appropriate sample containers. Equipment blanks should be 
analyzed for the same set of parameters that are performed on the field samples 

collected with the equipment that was cleaned. Equipment blanks are collected per 
equipment set, which represents all of the tools needed to collect a specific sample. 
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X. References 

USEPA Region 9, Field Sampling Guidance #1230, Sampling Equipment 
Decontamination. 

USEPA Region 1, Low Stress (low flow) Purging and Sampling Procedure for the 
Collection of Groundwater Samples from Monitoring Wells. 
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EXECUTIVE SUMMARY 

Damaging an underground or above ground utility can result in serious injury and loss 
of life, disrupt essential services, and create significant liability to ARCADIS, clients and 
subcontractors.  Therefore, it is ARCADIS’ policy that the presence of all existing 
utilities will be investigated and cleared (to the extent feasible) by locating, marking, 
and, where appropriate, visually verifying before the start of any field operation.  The 
following requirements are mandatory under this policy: 

• A minimum of three (3) reliable lines of evidence are required for an acceptable 
utility clearance. 

• Additional lines of evidence are required if the primary lines of evidence cannot 
adequately identify subsurface, submarine or above ground utilities with 
reasonable certainty. 

• The lines of evidence used will be reasonable and appropriate for the 
conditions expected to be encountered and the type of utilities expected to be 
encountered (e.g., gas line versus an irrigation line). 

• Utility clearance information will be documented on the ARCADIS Utility and 
Structures Checklist or equivalent client provided checklist or permit presenting 
equivalent information. 

• Employees overseeing utility clearance activities will: 

o Be familiar with the contents of this standard; 

o Have one year field experience in the identification of utilities; and   

o Have training and six months experience in the proper operation and 
results interpretation of any clearance equipment used by ARCADIS 
employees, including without limitation, magnetometers and ground 
penetrating radar. 

•  All utility strikes must be reported to Corporate Health and Safety and Legal 
within 24 hours using the Utility Line and Incident Involving a Third Party 
Incidents Investigation Form.  Do not enter the incident into 4-Sight until 
approved to do so by Corporate Legal. 

  

Report Utility 
Incident Now 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
mailto:sam.moyers@arcadis-us.com;%20Michael.Fletcher@arcadis-us.com�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/Utility%20line.%203rd%20party%20investigation%20form.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/Utility%20line.%203rd%20party%20investigation%20form.docx�
mailto:sam.moyers@arcadis-us.com;%20Michael.Fletcher@arcadis-us.com�
mailto:sam.moyers@arcadis-us.com;%20Michael.Fletcher@arcadis-us.com�
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1. POLICY 

It is the practice of ARCADIS and its affiliated companies to implement appropriate, 
reasonable and practical standards within acceptable and customary industry practices 
to promote the health and safety of its employees, and avoid and mitigate exposure of 
risk in the performance of their work. In furtherance of this policy, ARCADIS promotes 
and encourages compliance by all employees with this policy and standards relating to 
work in the vicinity of subsurface, submarine or aboveground utilities. 

2. PURPOSE AND SCOPE 

2.1 Purpose 

 This standard directs general safety standards and best practices associated 
with the identification and management of subsurface, submarine and 
aboveground utilities on project sites.  

2.2 Scope 

This standard assigns responsibilities and expectations for proper utility 
clearance by both ARCADIS employees and ARCADIS subcontractors at project 
sites.   

3. DEFINITIONS 

Refer to ARC HSFS-019 Supplement 1 for definitions of terms used in this standard. 

4. RESPONSIBILITIES 

4.1 Project Manager Responsibilities 

For every project site having the potential to come into contact with utilities, 
Project Managers must ensure that: 

• The requirements of this standard are followed.  

• Local regulations governing utility clearance are followed.  

• Efforts are made to work with the client, project site representatives and 
subcontractors to identify the nature of any utilities, and to determine what 
control processes need to be implemented by ARCADIS and the 
subcontractors to prevent damage to these utilities and to properly manage 
the effects in the event there is utility damage.  

• Utility clearance activities are only delegated to a Task Manager or other 
individual meeting the requirements of section 4.2 below, as appropriate.  
However, even if the Project Manager delegates certain responsibilities, the 
Project Manager maintains primary responsibility for a complete utility 
clearance. 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%201.docx�


 

ARCADIS HS Standard Name 
Utility Clearance 

Revision Number 
07  

Implementation Date 
13 December 2006 

ARCADIS HS Standard No. 
ARCHSFS019 

Revision Date 
October 4,  2010 

Author 
Sam Moyers 

Page 3 of 8 Approver 
Tony Tremblay 

 

 

4.2 Field Personnel Responsibilities 

ARCADIS field personnel conducting work on a project site having the potential 
to come into contact with utilities have the responsibility to: 

• Read, understand, and follow this standard and complete the appropriate 
checklists during the on-site utility locate process.  

• Complete a minimum of 1 year of utility clearance related experience before 
accepting responsibility for any utility clearance tasks.  

• Complete training and have 6 months of experience in operating and 
interpreting the results of remote sensing technologies, including without 
limitation, magnetometers and ground penetrating radar, before operating 
such technologies.  

• Use their Stop Work Authority to eliminate any reasonable concern if utilities 
cannot be reasonably located.  

• Ensure that ARCADIS subcontractors conduct their own reasonable 
independent utility clearance efforts as required by ARCADIS’ standard 
subcontract, and are aware of any ARCADIS clearance standards used 
onsite.  

• Be on site during any active intrusive activities involving contractor under 
contract to ARCADIS. 

4.3 ARCADIS Subcontractor Responsibilities 

According to ARCADIS’ standard subcontract, subcontractors have agreed to 
take responsibility for any damages resulting from a utility impact cause by their 
work.  Therefore, ARCADIS subcontractors are expected to take reasonable time 
and diligence to conduct their own independent utility clearance using 
reasonable standards and processes.  Subcontractors have the responsibility to 
stop their work if utility concerns are identified and will report those concerns to 
the ARCADIS employee overseeing their work activities. ARCADIs staff should 
reinforce these responsibilities with subcontractors during job safety briefings. 

5. STANDARD  

5.1 General 

Protocols to be followed during utility clearance activities are outlined in: 

• Best Practices for Project Managers (or Their Delegates) Concerning Utility 
Clearance (ARC HSFS-019 Supplement 2). 

• Best Practices for Field Personnel Concerning Utility Clearance (ARC HSFS-
019 Supplement 3). 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%202.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%203.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%203.doc�
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5.2 Lines of Evidence 

A minimum of 3 lines of evidence are required for an appropriate utility clearance 
as defined in this standard.  Generally, the following lines of evidence may be 
utilized to meet this requirement: 

• Contact the State One Call or equivalent service (Nationwide “811” is 
acceptable) if working within the right-of-way or public areas served by such 
services.  For work on private property or in areas not served by such 
services, utilize a reputable private utility locating company to locate and 
mark the utilities. Utilization of a private utility locator is encouraged for all 
projects with subsurface or submarine utility issues. 

• Use detailed scaled site utility plans, preferably in the form of an “as-built” or 
“record” drawing, to identify and/or confirm utility locations.  

• Conduct a detailed visual site inspection to identify and/or confirm utility 
locations.  For underground utilities, conduct an inspection for structures that 
tend to indicate the presence and general location of such utilities, including, 
but not limited to manholes, vaults, valve covers, valve markers, telephone 
pedestals, transform housings, fire hydrants, spigots, sprinkler heads, air 
relief valves, backflow preventers, meters, downspouts going into the 
subsurface, power poles with wring going into the subsurface and line 
markers. Saw cut lines and concrete /asphalt repairs often yield valuable 
information regarding utility locations.  Always discuss the presence of 
utilities with the site owner, operator or occupant to identify any potential 
utilities that might not be readily identified by non intrusive clearing methods 
or may be: 

o At depths > 5 ft below ground surface; or  

o At very shallow depths (< 2ft below ground surface) such as electrical 
conduits/wiring, irrigation lines, etc.  

If one of the above lines of evidence cannot be utilized, or if using the above 
lines of evidence does not adequately identify utilities with reasonable certainty, 
one or more additional lines of evidence must be utilized.  Commonly used lines 
of evidence are listed on the Utility and Structures Checklist. 

A discussion of use and limitations associated with common utility clearance 
methods is provided in ARC HSFS-019 Supplement 4.   

The lines of evidence will be recorded on the Utility and Structures Checklist or 
equivalent client provided checklist or permit presenting equivalent information. 

5.3 Color Codes Used for Utility Markings 

The following colors are used for marking utilities. Some government agencies or 
large industrial facilities may use additional colors not provided below.  ARCADIS 
policy is to assume any paint marking or pin flag color not provided below is a 
subsurface utility marking until proven otherwise. 

View the 
Utilities and 
Structures 
Checklist 

http://search.call811.com/?query=nationwide�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%204.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
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APWA and ANSI standard Z-53.1 

5.4 Working in Close Vicinity of Subsurface Utilities 

No work will be conducted within 30 inches of a subsurface utility marking, or as 
prescribed by the utility owner, unless the utility is exposed through hand 
clearing.  Make sure to factor the diameter of the utility when determining the 30 
inch buffer zone as this may increase the distance from the actual marking (if the 
markings do not indicate diameter of utility).  

Manual clearing methods such as shoveling, using pick axes, digging bars and 
other hand tools should be used with caution.  Excessive down force, prying or 
use in poor/obstructed visibility conditions is prohibited as these tools can 
damage utilities.  

For borings and excavations, if the utility is known to be at depths where hand 
clearing is not reasonable or creates additional safety concerns, no work will be 
performed within 30 inches vertically or horizontally of the utility unless manual 
clearing is performed under the oversight of an Excavation Competent Person as 
defined in the ARCADIS Excavation and Trenching H&S standard (ARC 
HSCS005). 

For horizontal borings, to avoid potential of utility strike, damage from vibration, 
damage by pressure of the advancing boring, do not plan the drill boring location 
within 30 inches vertically of utilities. This requirement applies even if the 
operating contractor has technology that places the location to within a few 
inches. Make sure to factor the diameter of the utility when determining the 30 
inch buffer zone. 

Additional cautions are required when coring/cutting through or removing 
concrete or asphalt.  Utilities may be encased within these materials or in the 
gravel sub grade under these materials and may be damaged during the utility 
clearance process.  Always work slowly, methodically and frequently stop work to 
evaluate conditions during these work activities. 

Additional cautions for horizontal borings include gravity utilities such as sewers 
and storm drains as the depth of these utilities will change (sometimes 

http://apex/HS/Pages/default.aspx?View=%7b906E8CDF-80F7-44E0-AAE7-2B37D6CE7AAB%7d&SelectedID=8�
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significantly)  as they run across the project site. Always obtain the utility depth at 
the location where the boring will actually cross the line. 

5.5 Acceptable Clearance for Working in Vicinity of Overhead Power Lines 

No work will be performed by ARCADIS or a subcontractor where any equipment 
is within the limits specified below, unless the power line has been properly 
covered or de-energized by the owner or operator of the power line: 

Power Line Voltage 

Phase to phase (kV) 

Minimum Safe 
Clearance 

(feet) 

50 or below 10 

Above 50 to 200 15 

Above 200 to 350 20 

Above 350 to 500 25 

Above 500 to 750 35 

Above 750 to 1,000 45 

 

5.6 Reporting Utility Incidents 

ARCADIS field personnel involved with any subsurface, submarine, and above-
ground utility strikes should immediately stop work and contact the Project 
Manager to discuss the incident.  The utility strike must be reported to Corporate 
Health and Safety and Legal Departments within 24 hours.  Use the Utility Line 
and Incidents Involving a Third Party Incident Investigation Form as part of the 
notification process.  

Selected utility strike incidents may also utilize a conference call with operations 
management to review findings and lessons learned.  The Divisional Health and 
Safety Manager will make the determination concerning the need to have the 
call, and will arrange the call, if deemed necessary. 

5.7 Relationship of this standard to the Project Specific HASP 

With the exception of the Utility and Structures Checklist, this standard, including 
most supplements, are not designed to be printed off and attached to project 
HASPs.  During project health and safety planning, this standard will be reviewed 
and applicable clearance technologies and methods will be documented on the 
Utility and Structures Checklist.   

Additionally, emergency action standards specific to utility strikes should be 
addressed.  ARC HSFS-019 Supplement 5 provides general guidelines for 
emergency response to utility strikes. Applicable information may be attached to 
the Utility and Structures Checklist to facilitate communication of response 
expectations. 

ANSI standard B30.5-1994, 5-3.4.5 
 

http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/Utility%20line.%203rd%20party%20investigation%20form.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/Utility%20line.%203rd%20party%20investigation%20form.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%205.docx�
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5.8 Required Contract Terms and Conditions 

ARCADIS’ standard client and subcontractor contracts contain required terms 
and conditions defining responsibility for utility clearance and the allocation of risk 
associated with an impacted utility.  These terms and conditions have prescribed 
language concerning subsurface work that is presented in ARCADIS client 
contracts and ARCADIS subcontractor contracts.  If such provisions cannot be 
agreed upon, the reasons are documented and other risk-management actions 
should be identified, such as limits of liability, additional physical investigations, 
additional lines of evidence or utility location, assignment of risk to 
subcontractors, etc.  In addition, any changes to these terms and conditions 
require approval by Legal Services. 

6. TRAINING 

Employees responsible for coordinating or conducting utility clearance activities will be 
familiar with the requirements of this standard. 

7. REFERENCES 

• Utility and Structures Checklist 

• Utility Strike and Incidents Involving Third Parties Investigation Form 

• HSFS-019 Supplement 1, Utility Definitions 

• HSFS-019 Supplement 2, Best Practices for Project Managers (or Their Delegates) 
Concerning Utility Clearance 

• HSFS-019 Supplement 3, Best Practices for Field Personnel Concerning Utility 
Clearance 

• HSFS-019 Supplement 4, Use and Limitations Associated with Common Utility 
Clearance Methods 

• HSFS-019 Supplement 5, Emergency Action Plan guidelines for Utility Strikes 

• ARC HSCS005 Excavation and Trenching  

• Required client contract language concerning subsurface work 

• Required subcontractor language concerning subsurface work 

8. RECORDS 

8.1 Utility Clearance Records 

All records (maps, checklists and documentation of communications) used to 
determine the location of utilities should be retained and kept in the project file. 

http://apex/legal/Documents/CLIENT%20CONTRACT%20EXHIBIT%20D%20SPECIAL%20TERMS%20FOR%20FIELD.doc�
http://apex/legal/Documents/CLIENT%20CONTRACT%20EXHIBIT%20D%20SPECIAL%20TERMS%20FOR%20FIELD.doc�
http://apex/legal/Documents/SUBCONTRACT%20Schedule%20G%20Utility%20Drilling%20Geo%20Intrusive%20Services.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/utility%20checklist.xlsx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/Utility%20line.%203rd%20party%20investigation%20form.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%201.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%202.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%203.doc�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%204.docx�
http://team/SD/HS/AUS%20Community%20Information/AUS%20Procedures%20Information/ARC%20HSFS019/ARC%20HSFS%20019%20Supplement%205.docx�
http://apex/HS/Pages/default.aspx?View=%7b906E8CDF-80F7-44E0-AAE7-2B37D6CE7AAB%7d&SelectedID=8�
http://apex/legal/Documents/CLIENT%20CONTRACT%20EXHIBIT%20D%20SPECIAL%20TERMS%20FOR%20FIELD.doc�
http://apex/legal/Documents/SUBCONTRACT%20Schedule%20G%20Utility%20Drilling%20Geo%20Intrusive%20Services.doc�
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1. POLICY  

It is ARCADIS US policy to be proactive in the identification, assessment and control of health 
and safety hazards and associated risks.  To those means, any work involving trenching and 
excavation that is under the control or direction of ARCADIS or an ARCADIS subcontractor will 
be accomplished following, at a minimum, this procedure.   

It is ARCADIS’ policy that ARCADIS staff will not enter excavations and trenches unless it is 
absolutely necessary.  If there are no suitable alternatives and it becomes necessary to enter 
excavations or trenches, this procedure, at a minimum will be strictly followed. 

It is also the policy of ARCADIS to ensure an OSHA-defined Excavation Competent Person is on-
site for all excavation work under ARCADIS contractual control.  The competent person will be 
provided by the entity on site responsible for performing the excavation work unless otherwise 
required by the client.  Thus, if an ARCADIS subcontractor is conducting the excavation work, 
that subcontractor will provide the competent person.  If ARCADIS is self-performing the 
excavation services, then ARCADIS will provide a competent person whether a specialized 
subcontractor or authorized employee. 

2. PURPOSE AND SCOPE 

2.1 Purpose  

To effectively control or eliminate the hazards presented by working near or entry into 
excavations or trenches, this procedure sets forth the accepted practice for and 
establishes the requirements for workplace safety near excavations and trenches and 
employee and subcontractor entry into such. 

2.2 Scope  

This procedure along with associated checklists and the Utility Location procedure (ARC 
HSFS019) apply to all employees of ARCADIS-US. Only trained and authorized 
personnel are permitted to work near or enter excavations and trenches, perform rescue 
services, or act as the excavation competent person.   

3. DEFINITIONS 

Exhibit 1 includes relevant definitions to this procedure including that for competent person 
qualifications. 

4. RESPONSIBILITIES 

4.1 Corporate H&S with Division and Practice Experts  

On an annual basis, review and update, as necessary, this procedure.  In addition, review 
cancelled checklists periodically to ensure conformance to this procedure.  Provide the 
excavation competent person and qualified person training and retraining, or recommend 
qualified training provider.  Provide technical assistance regarding excavation and trench 
protocol, atmospheric testing equipment, PPE, hazard assessment and research 
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information on unusual hazards.  Audit project-specific excavation sites for compliance with 
this procedure.     

4.2 Principal in Charge (PIC), Project Manager (PM), and Task Manager (TM)  

PIC, PM and TMs are responsible to: 

• Verify that all excavation and trench protocols are properly identified and addressed 
within the project work plan, project health & safety plan, and/or other project-related 
documents.   

• Verify that their divisional or project team employees have received the proper training 
provided by Corporate Health & Safety or qualified training source prior to conducting 
excavation/trenching entry activities. 

• Verify that any ARCADIS employee acting as the Excavation Competent person has 
been authorized and trained to do so as noted in Exhibit 1  

• Verify that the proper entry equipment, including personal protective equipment (PPE), 
atmospheric testing equipment and safety equipment, is available for use by their 
divisional employees.  

• Verify that copies of the completed checklists are available for Corporate Health and 
Safety review and retained with the project files 

4.3 Health and Safety Plan Writers and Reviewers 

Utilize this procedure as guidance to ensure the appropriate identification, assessment 
and control of excavation and trenching hazards for documentation in project HASPs 

4.4 Entry/Work Supervisors (also see Training and Duties of Entry Supervisor) 

• Work in direct coordination with and under the direction of the project excavation 
competent person 

• Interface with the client representative to identify hazards associated with the 
client’s excavation and trenching and/or work permit programs. 

• Review existing soil sampling (if any) data or other pertinent hazard characterization 
information recorded by the client. 

• Investigate the client’s excavation/trenching protocol, to verify that any identified 
hazards and previous experience with earthwork at the site is properly 
communicated. 

• Coordinate entry operations with the client’s employees when both client and 
ARCADIS employees will be working in or near an excavation/trench. 

• Coordinate necessary rescue assistance with either the client’s in-house rescue 
team and/or the offsite rescue assistance specified by the client. The offsite rescue 
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assistance specified by the client must have applicable rescue experience and be 
within a reasonable response distance. 

• Verify that the client takes the necessary precautions in notifying their employees 
that our employees will be installing an excavation or trench. 

• Review the lockout/tagout and isolation measures implemented by the client as 
necessary based on proximity of utilities or other energy sources in the area of the 
excavation/trench 

• Immediately report any unusual or unforeseen excavation or trenching hazards to 
Corporate Health and Safety prior to authorizing entry 

• Verify that all tests and precautionary measures identified on the Daily/Periodic 
Inspection Checklist located in Exhibit 1 and the ARCADIS Utility Location Policy 
and Procedure ARC HSFS019 has been performed prior to authorizing subsurface 
work or entry into an excavation or trench 

• Offer all entrants an opportunity to review the applicable control measures and 
testing results and an opportunity to request a reevaluation as necessary  

• Issue, authorize, and have the Utility Clearance and Daily/Periodic Inspection forms 
readily available for review  

• Verify that copies of the completed clearance forms and checklists are properly 
disseminated to Corporate Health and Safety and retained with the project files, as 
specified in Section 8.0 – Records.   

4.5 Entrants 

• Qualified Employee Entrants must have training and instruction in their duties and 
responsibilities regarding the following: 

• Recognize the hazards which may be faced during entry, as well as the signs and 
symptoms of exposure to the hazard(s). 

• Maintain visual contact and/or verbal communications with the attendant at all times. 

• Use the PPE, air monitoring and testing equipment that has been provided or have 
access to the information. 

• Maintain an awareness of all required hazard controls and consult with the 
Competent Person as necessary 

• Obey evacuation orders given by the Attendant, automatic alarm activation, or when 
self-perceived. 
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4.6 Competent Person 

Meet all of the requirements specified for the Qualified Employee Entrants plus 
adequate training and experience for their duties and responsibilities to complete the 
following tasks:  

• Anticipation, identification and control of excavation and trenching hazards, as 
well as the signs and symptoms of exposure to the hazard(s), and the Authority 
to implement all corrective actions including Stopping Work. 

• Implement the ARCADIS Utility Clearance Policy and Procedure and complete 
the Daily/Periodic Excavation Inspection Checklist 

• Verify adequate training and experience of all Entrants prior to entry 

4.7 Attendants 

• An attendant must be stationed outside the excavation and be available to monitor 
operations above and below ground. The attendant may have no other duties 
besides those listed in this section. 

• All attendants must have training and instruction in their duties and responsibilities 
regarding excavation/trenching entry. The following are assigned duties. 

• Maintain an accurate count of all entrants in the excavation 

• Monitor activities both inside and outside the excavation/trench to verify the 
continued safety of entrants 

• Maintain visual contact or verbal communication with all entrants  

• Order evacuation of the excavation/trench if an uncontrolled hazard develops, either 
within or outside the space, or upon observing a behavioral effect of hazard exposure 
among entrants 

• Keep unauthorized persons away from the excavation area 

• Participate in non-entry rescue as appropriate 

• Summon rescue and other emergency services 

• Attendants must maintain current certification in basic first aid and cardiopulmonary 
resuscitation (CPR). 

4.8 All ARCADIS Employees  

Use the TRACK process described below regularly and frequently.  In addition, 
employees read and understand all documented hazard identification and risk 
assessments conducted using the HARC process and documented in HASPs, JSAs, and 
other written plans that are associated with their work.  ARCADIS employees will: 
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• Recognize the hazards of trenches and excavations  

• Understand and follow the methods for working near trenches and excavations 

• Notify the PIC, PM, TM or entry/work supervisor if they have not received appropriate 
training 

• Participate in entry operations only if trained and authorized to do so 

• Never enter an excavation/trench without completion of the required Utility Location 
Procedure, Daily/Periodic Inspection Checklist and have an authorized attendant 

• Never attempt entry rescue within a excavation unless trained in entry rescue with 
appropriate equipment available 

• If unexpected conditions arise during entry, immediately notify other entrants, 
evacuate the space and inform the designated Competent Person 

5. PROCEDURE 

5.1 General Safety Requirements for all Excavations 

• All surface obstructions must be moved or supported so as to protect employees and 
equipment.   

 

• Prior to excavation, all underground installations (water, electric, telephone, gas, etc.) 
must be located and documented in accordance with ARCADIS Utility Clearance Policy 
and Procedure ARC HSFS019. 

 

• When excavating in areas near underground installations, proper precautions must be 
taken to determine the exact location of the installations and to adequately protect and 
support them. While an excavation is open, underground installations shall be 
protected, supported or removed as necessary to protect employees. 

 

• Structural ramps that are used solely by employees as a means of access or egress 
from excavations shall be designed by a competent person.  
 

• Structural ramps used for access or egress of equipment shall be designed by a 
competent person qualified in structural design, and shall be constructed in accordance 
with the design. 
 

• Ladders used for access and egress from the excavation must extend at least 36” (3 
feet) above the landing surface. 

 

• If personnel are working in a location exposed to vehicular traffic they must be provided 
with and be required to wear reflective safety vests. Adequate, signs, barriers or other 
equivalent traffic controls must be used to protect employees. 
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• Personnel are not permitted to be beneath elevated loads handled by equipment or be 
in excavations when heavy equipment is digging in or near the excavation. 

 

• Mobile equipment located near open excavations must be adequately protected from 
falling or rolling into excavations by the use of barricades or warning devices. 

 

• All excavations over 4 feet in depth must be tested for hazardous atmospheres 
whenever personnel are required to enter and a potential exists for the existence of 
hazardous contaminants or oxygen deficiency. Excavations less than 4 feet in depth 
must be evaluated by the competent person and at the competent person's discretion 
be tested for hazardous atmospheres whenever personnel are required to enter and a 
potential exists for the existence of hazardous contaminants or oxygen deficiency. 

 

• Means of rescue including a lifeline and body harness must be used by personnel 
entering excavations with a potential for air hazards. A standby person must be 
stationed outside the excavation to tend the lifeline(s). 

 

• Water must not be allowed to accumulate in open excavations where employees are 
working. When necessary, means such as diverting natural drainage around the 
excavation or actively pumping water must be used to prevent or control water 
accumulation. 

 

• All structures adjacent to an open excavation must be supported, or a registered 
professional engineer (PE) must determine that the structure will not be affected by the 
excavation activities. 

 

• Excavated materials (spoil) must be placed no closer than 2 feet from the edge of an 
open excavation, and otherwise retained to prevent loose material from falling into the 
excavation. 

 

• Protection such as guardrails, barricades or covers must be in place to protect 
personnel from possible falls into open excavations, pits, wells and shafts. 

 

• Work tasks will be designed to limit the number of personnel required to enter any 
excavation. All tasks that can be completed remotely from outside the excavation (such 
as soil sampling) will be conducted in such a manner. 

 

• Personnel will not be allowed to enter any excavation unless adequate protective 
systems and procedures are utilized to prevent accidents and injury. 

 

• All excavations over four feet in depth shall be provided with a stairway, ladder, ramp, 
or other safe means of egress so as to require no more than 25 feet of lateral travel. As 
deemed necessary by the competent person, excavations less than 4 feet in depth will 
be provided with a stairway, ladder, ramp, or other safe means of egress so as to 
require no more than 25 feet of lateral travel. 
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5.2 Excavations Requiring Protective Systems 

This section defines excavations that require protective systems. 

• All excavations into which employees will enter, regardless of depth, where the 
potential for cave-in exists. 

• Any excavation over 4 feet in depth into which employees will enter that is not entirely 
in stable rock as defined in this procedure. 

• Any excavation near a structure, (e.g. foundations, piers, footers, walls, sidewalks, 
tanks, roadways, etc.), as required by the registered professional engineer reviewing 
the stability of the excavation and the structure. 

• All excavations over 20 feet in depth must be designed by a registered professional 
engineer regardless of whether personnel will enter it or not. 

• All excavations with adjacent structures which are located a distance less than 6 times 
the depth of the excavation away shall be reviewed by a registered professional 
engineer to determine if the stability of the structure will be affected by the excavation. 

• Support systems for an adjacent structure must be designed by a registered 
professional engineer. 

5.3 Selection and Use of Protective Systems 

5.3.1 Shoring or Shielding 

• If shoring or shielding is selected as the protective system for an excavation, soil 
classification in accordance with 1926 Subpart P Appendix A (see Section 9 of this 
procedure) is required. 

• One of the following options must be utilized for all excavations which will be shored 
or shielded. 

- Timber shoring as specified in 1926 Subpart P Appendix C must be utilized 

- Hydraulic shoring, trench jacks, air shores, or shields as required in 
1926.652 (c)(2) must be utilized following the system manufacturer’s data 

- A system which follows other tabulated data (approved by a registered 
professional engineer) must be utilized 

- The excavation must be designed by a registered professional engineer 
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5.3.2 Sloping 

• If sloping is selected as the protective system for an excavation, the excavation sides 
must be sloped at a maximum of 34 degrees (1.5 Horizontal: 1 Vertical), unless the 
procedure listed above is followed. 

• Soil classification in accordance with Section 10 of this procedure) is required for all 
excavations with sides which will be sloped greater than 34o (1.5 Horizontal: 1 
Vertical).  If it will be sloped greater than 34o, the one of the following options must be 
utilized: 

- Option 1 - assume Type C and slope 1.5/1 - probably the most common 
and preferred method for us 

- Option 2 - classify soil according to the standard and use Type A/B 
sloping requirements      

- Option 3 – use other tabulated data with PE approval 

- Option 4 – PE approval of sloping/benching design  

5.4 Atmospheric Testing for Entry 

Any excavation over 4 feet in depth with a potential for hazardous contaminants or oxygen 
deficiency must be tested for hazardous atmospheres prior to and during activities involving 
entry. After atmospheric testing, if the area is found to be oxygen deficient or a hazardous 
atmosphere exists or could exist a confined space permit must be obtained if the area will 
be entered. 

The site designated "competent person" will document initial and periodic air monitoring 
results for all activities requiring entry into the excavation. All atmospheric testing of 
excavations must be conducted in the following sequence and meet the following air quality 
criteria. 

• Oxygen content must be 19.5 to 23.5% 

• Combustible gas or vapor must not exceed 10% of its lower explosive limit (LEL) 

• Toxic air contaminant levels must not exceed 50% of the PEL or TLV for the specific 
contaminant whichever is lower 

• Carbon monoxide must not exceed 10 ppm for a 5 minute average or ceiling value of 
25 ppm 

• Hydrogen sulfide must not exceed 0.5 ppm 



 

 
ARCADIS HS Standard Name 

Excavation and Trenching 
Revision Number 

03 
Implementation Date 

12 May 2008 
ARCADIS HS Standard No. 

ARC HSCS005 
Revision Date 

9 January 2009 

Author 
Greg Ertel 

Page 9 of 17 
Approver 

Mike Thomas 

 
5.5 Location of Underground/Overhead Utilities 

• The competent person and the project manager shall both verify that local underground 
facilities location/protection agencies are notified within the required time frame prior to 
the initiation of excavation activities and meet all requirements in the ARCADIS Utility 
Location Policy and Procedure ARC HSFS019. 

• Prior to initiation of excavation or trenching operations the competent person shall 
verify that all utilities have been located. 

5.6 Daily/Periodic Inspections 

• Prior to initiation of daily excavation or trenching operations the competent person shall  
complete  a daily inspection of the excavation. 

• During excavation or trenching operations the competent person shall  complete a 
periodic inspection  after any event (e.g., thunderstorm, vibration, excessive drying) 
that may affect excavation stability. 

• The competent person shall complete the daily/periodic inspection checklist (A copy of 
the checklist is attached to this Policy as Exhibit A– Subcontractors must complete an 
equivalent inspection form) is completed for each inspection of excavation and 
trenching activities. 

5.7 Soil Classification for Selection of Protective Systems 

5.7.1 Soil Classification 

This section describes a method of classifying soil and rock deposits based on site and 
environmental conditions, and on the structure and composition of the earth deposits. This 
section contains definitions, sets forth requirements, and describes acceptable visual and 
manual tests for use in classifying soils. 

This section applies when a sloping, benching or shoring system is utilized as a method of 
protection for employees from cave-ins. 

5.7.2 Soil Classification Definitions 

5.7.2.1 Types/Classes of Soil 

Type/Class A Soils are cohesive soils with an unconfined, compressive strength of 
1.5 ton per square foot (tsf) (144kPa) or greater. Examples of cohesive soils are:  
Clay, silty clay, sandy clay, clay loam and in some cases, silty clay loam and sandy 
clay loam. Cemented soils such as caliche and hardpan are also considered Type 
A. However, no soil is Type A if the following apply. 

• The soil is fissured 
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• The soil is subject to vibration from heavy traffic, pile driving, or similar 
effects 

• The soil has been previously disturbed 

• The soil is part of a sloped, layered system where the layers dip into the 
excavation on a slope of four horizontal to one vertical (4 Horizontal:1 
Vertical) or greater 

• The material is subject to other factors that would require it to be classified as 
a less stable material 

5.7.2.1.1 Type Class B Soils 

• Cohesive soils with an unconfined compressive strength greater than 
0.5 tsf (48 kPa) but less than 1.5 tsf (144 kPa) 

• Granular cohesionless soils including angular gravel (similar to 
crushed rock), silt, silt loam, sandy loam and, in some cases, silty clay 
loam and sandy clay loam 

• Previously disturbed soils except those which would otherwise be 
classed as Type C soil 

• Soil that meets the unconfined compressive strength or cementation 
requirements for Type A, but is fissured or subject to vibration 

• Dry rock that is not stable 

• Material that is part of a sloped, layered system where the layers dip 
into the excavation on a slope less steep than four horizontal to one 
vertical (4 Horizontal:1 Vertical), but only if the material would 
otherwise be classified as Type B 

5.7.2.1.2 Type/Class C Soils 

• Cohesive soil with an unconfined compressive strength of 0.5 tsf (48 
kPa) or less 

• Granular soils including gravel, sand, and loamy sand 

• Submerged soil or soil from which water is freely seeping 

• Submerged rock that is not stable 

• Material in a sloped, layered system where the layers dip into the 
excavation or a slope of four horizontal to one vertical (4 Horizontal:1 
Vertical) or steeper 
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5.7.2.2 Methods for Classifying Soils 

Each soil and rock deposit shall be classified by a competent person as Stable 
Rock, Type A, Type B, or Type C in accordance with the definitions set forth in this 
section. The classification of the deposits shall be made based on the results of at 
least one visual and at least one manual analysis conducted by a competent 
person using tests described below, or in other recognized methods of soil 
classification and testing such as those adopted by the American Society for 
Testing Materials, or the U.S. Department of Agriculture textural classification 
system.  

The visual and manual analyses, such as those noted as being acceptable in this 
section, shall be designed and conducted to provide sufficient quantitative and 
qualitative information as may be necessary to identify properly the properties, 
factors, and conditions affecting the classification of the deposits. Visual analysis is 
conducted to determine qualitative information regarding the excavation site in 
general, the soil adjacent to the excavation, the soil forming the sides of the open 
excavation, and the soil taken as samples from excavated material. 

Observe the following: 

• Samples of soil that are excavated and soil in the sides of the excavation. 
Estimate the range of particle sizes and the relative amounts of the particle 
sizes. Soil that is primarily composed of fine grained material is cohesive 
material. Soil composed primarily of coarse grained sand or gravel is 
granular material. 

• Soil as it is excavated. Soil that remains in clumps when excavated is 
cohesive. Soil that breaks up easily and does not stay in clumps is granular. 

• The side of the open excavation and the surface area adjacent to the 
excavation. Crack like openings such as tension cracks could indicate 
fissured material. If chunks of soil spall off a vertical side, the soil could be 
fissured. Small spalls are evidence of moving ground and are indications of 
potentially hazardous situations. 

• The area adjacent to the excavation and the excavation itself for evidence of 
existing utility and other underground structures, and to identify previously 
disturbed soil. 

• The open side of the excavation to identify layered systems. Examine 
layered systems to identify if the layers slope toward the excavation. 
Estimate the degree of slope of the layers. 

• The area adjacent to the excavation and the sides of the opened excavation 
for evidence of surface water, water seeping from the sides of the 
excavation, or the location of the level of the water table. 
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• The area adjacent to the excavation and the area within the excavation for 
sources of vibration that may affect the stability of the excavation face. 

Manual analysis of soil samples is conducted to determine quantitative as well as 
qualitative properties of soil and to provide more information in order to classify soil 
properly. 

5.7.2.3 Classifications 

A. Plasticity. Mold a moist or wet sample of soil into a ball and attempt to roll it 
into threads as thin as 1/8 inch in diameter. Cohesive material can be 
successfully rolled into threads without crumbling. For example, if at least a two 
inch (50 mm) length of 1/8 inch thread can be held on one end without tearing, 
the soil is cohesive. 

B. Dry strength. If the soil is dry and crumbles on its own or with moderate 
pressure into individual grains or fine powder, it is granular (any combination of 
gravel, sand, or silt). If the soil is dry and falls into clumps which break up into 
smaller clumps, but the smaller clumps can only be broken up with difficulty, it 
may be clay in any combination with gravel, sand or silt. If the dry soil breaks 
into clumps which do not break up into small clumps and which can only be 
broken with difficulty, and there is no visual indication the soil is fissured, the 
soil may be considered unfissured. 

C. Thumb penetration. The thumb penetration test can be used to estimate the 
unconfined compressive strength of cohesive soils. Type A soils with an 
unconfined compressive strength of 1.5 tsf can be readily indented by the 
thumb; however, they can be penetrated by the thumb only with very great 
effort. Type C soils with an unconfined compressive strength of 0.5 tsf can be 
easily penetrated several inches by the thumb, and can be molded by light 
finger pressure. This test should be conducted on an undisturbed soil sample, 
such as a large clump of spoil, as soon as practicable after excavation to keep 
to a minimum the effects of exposure to drying influences. If the excavation is 
later exposed to wetting influences (rain, flooding), the classification of the soil 
must be changed accordingly. 

D. Other strength tests. Estimates of unconfined compressive strength of soils 
can also be obtained by use of a pocket penetrometer or by using a hand 
operated shearvane. 

E. Drying test. The basic purpose of the drying test is to differentiate between 
cohesive material with fissures, unfissured cohesive material, and granular 
material. The procedure for the drying test involves drying a sample of soil that 
is approximately one inch thick (2.54 cm) and six inches (15.24 cm) in 
diameter until it is thoroughly dry: 

1. If the sample develops cracks as it dries, significant fissures are 
indicated. 
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2. Samples that dry without cracking are to be broken by hand. If 

considerable force is necessary to break a sample, the soil has 
significant cohesive material content. The soil can be classified as 
an unfissured cohesive material and the unconfined compressive 
strength should be determined by using the thumb penetration or 
other test. 

5.7.2.4 If a sample breaks easily by hand, it is either a fissured cohesive 
material or a granular material. To distinguish between the two, 
pulverize the dried clumps of the sample by hand or by stepping on 
them. If the clumps do not pulverize easily, the material is cohesive 
with fissures. If they pulverize easily into very small fragments, the 
material is granular. 

5.7.2.5 Layered system 

A layered system shall be classified in accordance with its weakest layer. 
Each layer may be classified individually where a more stable layer lies 
under a less stable layer. 

5.7.2.6 Reclassifying Soils 

A layered system shall be classified in accordance with its weakest layer. 
Each layer may be classified individually where a more stable layer lies 
under a less stable layer. 

In most instances the ARCADIS designated Excavation/Trenching 
Competent person will assume Type C soil, unless they have conclusive 
data to validate Type A or B. 

5.7.2.7 Excavation Construction Based on Soil Type 

The Maximum allowable slope means the steepest incline of an excavation 
face that is acceptable for the most favorable site conditions as protection 
against cave-ins, and is expressed as the ratio of horizontal distance to 
vertical rise (H:V). Short-term exposure means a period of time less than or 
equal to 24 hours that an excavation is open. Soil and rock deposits must be 
classified in accordance with Appendix A to Subpart P of Part 1926. The 
maximum allowable slope for a soil or rock deposit must be determined from 
the table provided below. The actual slope must not be steeper than the 
maximum allowable slope.  The actual slope must be less steep than the 
maximum allowable slope, when there are signs of distress. If that situation 
occurs, the slope must be cut back to an actual slope which is at least 
horizontal to one vertical (1/2H:1V) less steep than the maximum allowable 
slope. When surcharge loads from stored material or equipment, operating 
equipment, or traffic are present, a competent person must determine the 
degree to which the actual slope must be reduced below the maximum 
allowable slope, and must assure that such reduction is achieved. Surcharge 
loads from adjacent structures must be evaluated in accordance with 
1926.651(I). Configurations of sloping and benching systems must be in 
accordance with 29 CFR 1926 Subpart P, Appendix B. 
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EXCAVATION SLOPE TABLE 2 
29 CFR 1926 SUBPART P APPENDIX B 

MAXIMUM ALLOWABLE SLOPES 

 
Soil or Rock Type 

Maximum Allowable Slopes (H:V)
1
 for 

Excavations Less Than 20 Feet Deep
2 

Stable Rock Vertical (90 degrees) 

Type A3 ¾:1 (53 degrees) 

Type B 1:1 (45 degrees) 

Type C 1:½ (34 degrees) 

1. Numbers shown in parentheses next to maximum allowable slopes are angles expressed in 
degrees from the horizontal. Angles have been rounded off. 

2. Sloping or benching for excavations greater than 20 feet deep must be designed by a 
registered professional engineer. 

3. A short-term maximum allowable slope of 1/2H:1V (63 degrees) is allowed in excavations in 
Type A soil that are 12 feet (3.67 m) or less in depth. Short-term maximum allowable slopes 
for excavations greater than 12 feet (3.67 m) in depth must be 3/4H:1V (53 degrees). 

6. TRAINING 

6.1 Project - Specific Training 

All staff working on a site where trenching and excavation activities are being conducted by 
ARCADIS or its subcontractors will be provided with site orientation on excavation projects 
shall include a discussion of the following: 

• Site excavation hazards and procedures 

• Requirements for conducting activities remotely whenever possible 

• Client requirements and procedures for excavation activities 

• This Procedure 

Daily Safety Meetings on projects involving excavation activities shall include a discussion 
of: 

• Site excavation hazards and procedures 

• Requirements for conducting activities remotely whenever possible 

• Client requirements and procedures for excavation activities 

• This Excavation and Trenching Procedure, as appropriate 
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6.2 Additional Training 

Besides site orientation training, additional training will be provided as follows based on the 
employee’s activities: 

 
• All employees who work in the area of potential excavation/trenching sites will receive 

awareness level training as provided and/or approved by ARCADIS Corporate H&S in 
order to recognize and to understand the hazards. 

• Entrants, Attendants, and Entrant Supervisors will receive additional training as 
approved by Corporate H&S.  This training will be classroom in nature and cover the 
details of trenching and excavation hazards and controls 

• Qualified Competent Persons will be provided training as follows: 
 

In order to be assigned duties as a competent person with respect to excavation and 
trenching, in addition to the criteria noted in Exhibit 1, personnel must complete an 
ARCADIS approved training course or an equivalent course approved by Corporate 
Health and Safety including but not limited to the following topics: 

• Introduction to trenches and excavations 

- Definition of trenches and excavations 

- General requirements of OSHA 29 CFR 1926 Subpart P 

• Responsibilities and requirements of a competent person 

- Necessary authority 

- When other/outside resources may be necessary 

• Hazard Identification and Assessment 

- Cave-In Hazards including nearby structures 

- Underground utilities 

- Confined Space 

- Hazardous atmospheres 

- Water accumulation 

- Vehicular traffic and falling loads 

• Hazard controls 

- Soil analysis and testing (visual and manual 

- Protective systems 
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 Shoring 

 Sloping 

 Shielding 

 Benching 

- Personal protective equipment 

- Utility location 

- Atmospheric testing 

- Water drainage and pumping 

- Site housekeeping and management 

 Spoils 

 Traffic control 

 Overhead hazard protection 

- Communications 

 Verbal 

 Signaling 

- Access and egress 

• Emergency Procedures 

- Warning signs of cave-in 

- Evacuation procedures 

- Rescue 

• Inspections 

- Checklists 

- Potential deficiencies 

All training provided must be reviewed and approved by Corporate Health & Safety and will be 
managed through the Training Team. 
 
Documentation of training certification received by attendance at any training course including 
externally provided training courses will be kept by the employee with copies provided to the 
Training Team 
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7. REFERENCES 

7.1 ARCADIS Health and Safety Procedure ARC HSFS010– Health and Safety 
Planning 

7.2 ARCADIS Health and Safety Procedure ARC HSFS004 – Control of Hazardous 
Energy (Lockout/Tagout) 

7.3 ARCADIS Utility Clearance Policy and Procedure ARC HSF019 

7.4 ARCADIS Confined Space Policy and Procedure ARC HSF003  

7.5 OSHA 29 CFR Part 1926 Subpart P - Excavations 

8. RECORDS 

8.1 Training records will be kept by the individual employee with copies of such 
certificates kept by the Training Team.  Training dates and times will be kept by the 
Training Team. 

8.2 Completed clearance forms and checklists will be kept in the project files with copies 
available for Corporate H&S review. 

8.3 Copies of all HASPs that document excavation trenching procedures will be kept in 
the project files. 

9. APPROVALS AND HISTORY OF CHANGE 

Approved By: Michael Thomas, CIH, CPEA 

 

History of Change 

Revision Date Revision 
Number 

Reason for change 

12 May 2008 01 Original document 

13 June 2008 02 Modified Section 5.1 – 4th bullet related to structural 
ramps.  Modified Section 5.2 to designate a 6x factor 

for structural integrity of structures near the excavation.  
Revised Exhibit 1 to modify the definition of a 

Competent person 

9 January 2009 03 Cleaned up definitions, deleted training requirements 
from Section 5.0 and moved them to Section 6.0, 

modified purpose statement 
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Exhibit 1 – Definitions 

Attendant is a trained qualified individual stationed outside the excavation whose duty is to monitor 
authorized entrants inside the excavation or trench and have a means of communication with the 
designated rescue services. 

Benching/Benching system means a method of protecting employees from cave-ins by 
excavating the sides of an excavation to form one or a series of horizontal levels or steps, usually 
with vertical or near-vertical surfaces between levels. 

Cave-in means the separation of a mass of soil or rock material from the side of an excavation, or 
the loss of soil from under a trench shield or support system, and its sudden movement into the 
excavation, either by falling or sliding, in sufficient quantity so that it could entrap, bury or otherwise 
injure and immobilize a person. 

Competent person means one who, through education, training, and/or experience, is capable of 
identifying existing and predictable hazards or working conditions which are unsanitary, hazardous, 
or dangerous to employees and who has authorization to take prompt corrective measures to 
eliminate them.  All ARCADIS employee’s, must meet the following minimum requirements to be 
considered a Competent Person: 

• Be nominated to the appropriate Division H&S Director by their supervisor or project manager 
to be considered as a competent person.  The nomination will include the submittal of various 
documentation that describes why the person should be nominated and to provide evidence 
that they have met the criteria listed below.   

• Be jointly approved by the appropriate Division H&S Director and the appropriate 
Practice/Client H&S Manager or resource.   

• Attend ARCADIS Competent Person training or an equivalent course approved by Corporate 
Health and Safety 

• Have a minimum of 1 year of supervised field experience and approval from their supervisor to 
fill the role of competent person 

• If on an Environmental project where HAZWOPER training is required by ARCADIS, completed 
a 40 Hour HAZWOPER and HAZWOPER Supervisor training course and be current on their 
annual 8 Hour refresher  

• Attended a 10 or 30 Hour OSHA Construction Safety Course or have equivalent training to that 
provided by the 10 or 30 hour course 

• If a hazardous atmosphere is present, or there is limited entry or exit and the excavation or 
trench must be entered as a confined space, the person must also be Confined Space trained 
and authorized as per the ARCADIS Confined Space procedure ARC HSFS003 

Excavation means any man-made cut, cavity, trench, or depression in an earth surface formed by 
earth removal into which a person can bodily enter.  Entry constitutes the act by which an 
employee proceeds into an excavation or trench.  Consideration of hazards, especially cave-ins and 
fall protection must still be considered and accounted for when equipment or personnel are near an 
excavation or trench, even if personnel will not be entering. 
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Entrants are employee’s who are trained and authorized to enter a trench or excavation.  Entrants 
must have attended a Qualified Excavation Training course offered or approved by Corporate 
Health and Safety. 

Failure means the breakage, displacement, or permanent deformation of a structural member or 
connection so as to reduce its structural integrity and its supportive capabilities. 

Hazardous Atmosphere is an atmosphere which exposes employees to a risk of death, 
incapacitation, injury, or acute illness from one or more of the following: 

• An atmospheric concentration of any substance in excess of 50% of its established 
permissible exposure limit (PEL); or its assigned threshold limit value (TLV) or other value 
listed on the Material Safety Data Sheet (MSDS) for the chemical constituent, whichever is 
lower. 

• A flammable gas, vapor, or mist in excess of 10% of its lower explosive limit (LEL). 

• An airborne combustible dust at a concentration that obscures vision at a distance of 5 feet or 
less. 

• An atmospheric oxygen concentration below 19.5% (oxygen-deficient atmosphere) or above 
23.5% (oxygen-enriched atmosphere). 

• An atmosphere which is immediately dangerous to life and health. 

Immediately Danger to Life and Health (IDLH) means any condition which poses an immediate 
threat to loss of life; may result in irreversible or immediate-severe health effects; may result in eye 
damage, irritation, or other conditions which could impair escape from the space. 

Protective system means a method of protecting employees from cave-ins, from material that 
could fall or roll from an excavation face or into an excavation, or from the collapse of adjacent 
structures. Protective systems include support systems, sloping and benching systems, shield 
systems and other systems that provide protection. 

Ramp means an inclined walking or working surface that is used to gain access to one point from 
another, and is constructed from earth or from structural materials such as steel or wood. 

Registered Professional Engineer means a person who is registered as a professional engineer 
in the state where the work is to be performed. However, a professional engineer, registered in any 
state is deemed to be a "registered professional engineer" within the meaning of this standard when 
approving designs for "manufactured protective systems" or "tabulated data" to be used in interstate 
commerce.  To oversee an excavation/trench activity the PE must have experience with and 
expertise in excavation, soil and stability considerations. 

Sheeting means the members of a shoring system that retain the earth in position and in turn are 
supported by other members of the shoring system. 

Shield (Shield system) means a structure that is able to withstand the forces imposed on it by a 
cave-in and thereby protect employees within the structure. Shields can be permanent structures or 
can be designed to be portable and moved along as work progresses. Additionally, shield can be 
either pre-manufactured or job-built in accordance with 1926.652 (c)(3) or (c)(4). Shields used in 
trenches are usually referred to as "trench boxes" or "trench shields". 
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Shoring (Shoring system) means a structure such as a metal hydraulic, mechanical or timber 
shoring system that supports the sides of an excavation and which is designed to prevent cave-ins. 

Sloping  (Sloping system) means a method of protecting employees from cave-ins by excavating 
to form sides of an excavation that are inclined away from the excavation so as to prevent cave-ins. 
The angle of incline required to prevent a cave-in varies with differences in such factors as the soil 
type, environmental conditions of exposure, and application of surcharge loads. 

Stable rock means natural solid mineral material that can be excavated with vertical sides and will 
remain intact while exposed. Unstable rock is considered to be stable when the rock material on the 
side or sides of the excavation is secured against caving-in or movement by rock bolts or by 
another protective system that has been designed by a registered professional engineer. 

Support system means a structure such as underpinning, bracing, or shoring, which provides 
support to an adjacent structure, underground installation, or the sides of an excavation. 

Trench means a narrow excavation (in relation to its length) made below the surface of the ground 
to which a person can bodily enter. In general, the depth is greater than the width, but the width of a 
trench (measured at the bottom) is not greater than 15 feet (4.6 meters). If forms or other structures 
are installed or constructed in an excavation so as to reduce the dimension measured from the 
forms or structure to the side of the excavation to 15 feet (4.6 meters) or less (measured at the 
bottom of the excavation), the excavation is considered to be a trench. 

Cemented soil means a soil in which the particles are held together by a chemical agent, such as 
calcium carbonate, such that a hand size sample cannot be crushed into powder or individual soil 
particles by finger pressure. 

Cohesive soil means clay (fine grained soil), or soil with a high clay content, which has cohesive 
strength. Cohesive soil does not crumble, can be excavated with vertical sides, and is plastic when 
moist. Cohesive soil is hard to break up when dry, and exhibits significant cohesion when 
submerged. Cohesive soils include clayey silt, sandy clay, silty clay, clay and organic clay. 

Dry soil means soil that does not exhibit visible signs of moisture content. 

Fissured means a soil material that has a tendency to break along definite planes of fracture with 
little resistance, or a material that exhibits open cracks, such as tension cracks, in an exposed 
surface. 

Granular soil means gravel, sand, or silt (coarse grained soil) with little or no clay content. Granular 
soil has no cohesive strength. Some moist granular soils exhibit apparent cohesion. Granular soil 
cannot be molded when moist and crumbles easily when dry. 

Layered system means two or more distinctly different soil or rock types arranged in layers. 
Micaceous seams or weakened planes in rock or shale are considered layered. 

Moist soil means a condition in which a soil looks and feels damp. Moist cohesive soil can easily 
be shaped into a ball and rolled into small diameter threads before crumbling. Moist granular soil 
that contains some cohesive material will exhibit signs of cohesion between particles. 

Plastic means a property of a soil which allows the soil to be deformed or molded without cracking, 
or appreciable volume change. 



 

ARCADIS HS Standard Name 
Excavation and Trenching 

Revision Number 
03 
 

Implementation Date 
12 May 2008 

ARCADIS HS Standard No. 
ARC HSCS005 

Revision Date 
9 January 2009 

Author 
Greg Ertel 

Page E4 of E5 
Approver 

Michael Thomas 
 

 

Saturated soil means a soil in which the voids are filled with water. Saturation does not require 
flow. Saturation, or near saturation, is necessary for the proper use of instruments such as a pocket 
penetrometer or sheer vane. 

Soil classification system means, for the purpose of this procedure, a method of categorizing soil 
and rock deposits in a hierarchy of Stable Rock, Type A, Type B and Type C, in decreasing order of 
stability. The categories are determined based on an analysis of the properties and performance 
characteristics of the deposits and the characteristics of the deposits and the environmental 
conditions of exposure. 

Submerged soil means soil which is underwater or is free seeping. 

Unconfined compressive strength means the load per unit area at which a soil will fail in 
compression. It can be determined by laboratory testing, or estimated in the field using a pocket 
penetrometer, by thumb penetration tests, and other methods. 

Wet soil means soil that contains significantly more moisture than moist soil, but in such a range of 
values that cohesive material will slump or begin to flow when vibrated. Granular material that would 
exhibit cohesive properties when moist will lose those cohesive properties when wet. 
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Exhibit 2 – Daily / Periodic Excavation Inspection Checklist 

 

      

 

Daily / Periodic Excavation 

Inspection Checklist 

Project Name: Date / Time: 

Project Number: Location: 

Prepared By: Project Manager: 

This checklist must be completed for all excavations.  It documents that daily and post-event / 
periodic inspections are conducted. 

Soil Classified As:             Stable Rock                      Type A                        Type B                        Type C 

Soil Classified On:  By: 

Type of Protective System in Use:           Sloping                   Shoring                     Other _______________ 

Description: 

Inspection Item YES NO Comments 

Has the ARCADIS Utility Clearance Procedure been completed?    

Are underground installations protected from damage?    

Are adequate means of entry / exit available in the excavation – 
at least every 25 feet?    

If exposed to traffic, are personnel wearing reflective vests and 
adequate barriers/traffic controls installed?    

Do barriers exist to prevent equipment from rolling into the 
excavation?    

Was air monitoring conducted prior to and during excavation 
entry? 

   

Was the stability of adjacent structures reviewed by a registered 
P.E.? 

   

Are spoil piles at least 2 feet from the excavation edge?    

Is fall protection in use near excavations deeper than 6 feet?    

Are work tasks completed remotely if feasible?    

Is a protective system in place and in good repair?    

Is emergency rescue (lifeline / body harness) equipment used 
due to potential atmospheric hazard? 

   

Is excavation exposed to vibration?    

Are employees protected from falling / elevated material?    

Is soil classification adequate for current environmental / 
weather conditions? 

   

Do portable ladders extend at least 4 feet above the excavation?    

Are portable ladders or ramps secured in place?    

Have all personnel attended safety meeting on excavation 
hazards?    

Are support systems for adjacent structures in place?    

Is the excavation free from standing water?    

Is water control and diversion of surface runoff adequate?    

Are employees wearing required protective equipment?    

ARCADIS Excavation Competent Person: Date/Time: 
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I. Scope and Application  

Selected materials collected and shipped to analytical laboratories during this project 
may be subject to the requirements of the United States Department of Transportation 
(DOT) Hazardous Materials Regulations (HMR) and the International Air Transport 

Association (IATA) Dangerous Goods Regulations (DGR). 

II. Personnel Qualifications 

To be completed by Preparer and reviewed by Technical Expert. 

III. Equipment List 

To be completed by Preparer and reviewed by Technical Expert. 

IV. Cautions 

To be completed by Preparer and reviewed by Technical Expert. 

V. Health and Safety Considerations 

To be completed by Preparer and reviewed by Technical Expert. 

VI. Procedures 

The sample shipment procedure consists of 11 steps, as summarized below. 

1. Determine the proper shipping name and material classification for the material. 
Based on available information and characteristics of the material, determine 

the classification of the material into the appropriate Dangerous 
Goods/Hazardous Materials Class.  Classification into one or more of the 
following classes will be made: 

 
Class 1 Explosives. 
Class 2  Gases. 

Class 3 Flammable Liquids. 
Class 4  Flammable Solids - substances liable to spontaneous combustion; 
substances which, in contact with water, emit flammable gases. 

Class 5  Oxidizing Substances and Organic Peroxides. 
Class 6 Toxic and Infectious Substances. 
Class 7 Radioactive Material. 

Class 8 Corrosives. 
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Class 9 Miscellaneous Dangerous Goods (includes Polychlorinated 
Biphenyls). 

2. Identify shipping name and shipping requirements in List of Dangerous Goods 
Hazardous Materials table. Based on the classification of the material and the 

proper shipping name for the material, the specific entry in the List of Dangerous 
Goods (Section 4 of the IATA DGR) or DOT Hazardous Materials table (HMR 
172.101) can be located, and the specific shipping requirements for the sample 

can be identified. 

3. Determine mode of transport and carrier. To promote compliance with specific 

modal and operator requirements, the selected means of transport and the 
carrier must be identified.  

4. Determine operator-/carrier-specific requirements.  Review Section 2 of the 
IATA DGR and DOT HMR to determine carrier-specific requirements (e.g., 
Federal Express, Delta Airlines) and review the List of Dangerous Goods/DOT 

Hazardous Materials table for model-specific restrictions (e.g., cargo aircraft, 
passenger aircraft). 

5. Define quantity limitations for materials to be shipped. Review the List of 
Dangerous Goods (Section 4 of the IATA DGR) or DOT Hazardous Materials 
table (HMR 172.101) entry for the material being shipped and identify specific 

quantity limitations for the material (inner packaging limit/outer packaging limit). 

6. Identify packing procedure. Review the List of Dangerous Goods/DOT 

Hazardous Materials table (HMR 172.101) for the material and identify specific 
packing instructions for the material. 

7. Select packaging components and package material. Corresponding numbered 
packing instructions in Section 5 of the IATA DGR provide acceptable 
packaging configurations for each dangerous good. DOT HMR (173) provides 

acceptable packaging configurations for hazardous materials to be shipped via 
domestic ground transportation. 

8. Pack material and verify packaging restrictions, specifications, and quantities. 
Pack material in appropriate inner and outer packaging in accordance with 
numbered packing instructions in Section 5 of the IATA DGR or DOT HMR 

(173). Verify that packaging restrictions, specifications, and maximum package 
quantities meet the requirements of the packing instructions. 
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9. Implement marking and labeling requirements for package. Prior to shipping, the 
completed package must be marked and labeled in accordance with Section 7 

of the IATA DGR or DOT HMR.  Markings and labels may include, but not be 
limited to: the shipper’s name/identification, proper shipping name, UN 
identification number, hazard class, subsidiary hazards, and package 

orientation. 

10. Complete Shipper’s Declaration for Dangerous Goods/Hazardous Materials 

Shipping Papers.  An executed Shipper’s Declaration for Dangerous 
Goods/Hazardous Shipping Papers and/or carrier-specific airbill (for air 
transport) must be presented at consignment of shipment. The Shipper’s 

Declaration for Dangerous Goods may include, but not be limited to: transport 
details, shipper’s name/identification, nature and quantity of dangerous goods, 
proper shipping name, UN identification number, hazard class, packing group, 

subsidiary hazards, packing instruction number, type of packing, authorization, 
emergency contact number, and additional handling information.  

11. Record acceptance of shipment by dangerous goods transporter. Upon 
consignment of the shipment to a dangerous goods carrier, a completed copy of 
the Shipper’s Declaration for Dangerous Goods/Hazardous Materials Shipping 

Papers will be maintained by the shipper and copies provided to any emergency 
contacts identified on the declaration.  

VII. Waste Management 

To be completed by Preparer and reviewed by Technical Expert. 

VIII. Data Recording and Management 

To be completed by Preparer and reviewed by Technical Expert. 

IX. Quality Assurance 

To be completed by Preparer and reviewed by Technical Expert. 

X. References 

To be completed by Preparer and reviewed by Technical Expert. 
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I. Scope and Application 

This ARCADIS Standard Operating Procedure covers the entries needed in a field log book for environmental 

investigations.

This SOP does not address all of the entries that may be needed for a specific project, and does not 

address health and safety, equipment decontamination, field parameter measurements, sample 

preservation, chain-of-custody, or laboratory analysis.  For direction on requirements in these areas, 

refer to other ARCADIS SOPs, the project work plans including the quality assurance project plan, 

sampling plan, and health and safety plan, as appropriate.

II. Personnel Qualifications

ARCADIS personnel participating in fieldwork and making entries into the field log book should have 

a minimum of one (1) year of field experience (or be under the supervision and accompanied in the 

field by someone who does) and current health and safety training including 40-hour HAZWOPER 

training, site supervisor training, site-specific training, first aid, and CPR, as needed. Field personnel 

will also be compliant with client-specific training requirements. In addition, ARCADIS field sampling 

personnel will be versed in the relevant SOPs and posses the required skills and experience 

necessary to successfully complete the desired field work.

III. Equipment List

• Field Log Book

• Ball point (medium point) pen with blue or black ink (black preferred).  A fine point Sharpie 

pen may be used if the ink does not bleed through the page and become visible on back 

side of the page. If weather conditions prevent the use of a pen, indicate so in the log and 

use an alternate writing instrument .

• Zip-lock baggie or other weather-proof container to protect the field log book from the 

elements.

IV. Cautions

All entries in the field log must be legible and archivable. Do not leave the field log book exposed to 

the elements or other conditions that might moisten the pages and smear/dissolve the entries. When 

not in the field, the log book should be stored in a location that is easily accessible to field crews.

V. Health and Safety Considerations

ARCADIS field personnel will be familiar and compliant with Client-specific health and safety 

requirements.
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VI. Procedure

• Print legibly. Do not use cursive writing.

• The name of the project, project number and project location should be written in indelible ink 

on the outside of the field log book.

• On the inside of the front cover, write “If Found, Please Return to ARCADIS” and include the 

appropriate address and phone number,  the name of the person to which the book is 

assigned, and the name of the project manager. 

• Reserve the first page of the book for a Table of Contents.

• Reserve the last five (5) pages of the book for important contacts, notes, reminders, etc.

• Each day of field work, the following should be recorded in the field log book as applicable:

a) Project Name

b) Date and time arrived

c) Work Site Location

d) Names of people on-site related to the project including ARCADIS employees, 

visitors, subcontractor employees, agency personnel, client representative, etc.

e) Describe the work to be performed briefly, and list the equipment on-site

f) Indicate the health and safety (H&S) level to be used

g) Record instrument calibrations and checks

h) Record time and general content of H&S briefing

i) Describe the weather conditions, including temperature, precipitation, and wind 

speed and direction

j) List periodic time entries in the far left hand column of each page

k) Minimize unused space on each page

• The tailgate meeting must be recorded in the log book and the tailgate form completed.  If 

H&S monitoring is performed, record the time and results of initial and followup monitoring.   



4Field Log Book Entries 

Rev. #: 0  Rev Date:  11 August 2009

• Note factual observations including collection of QA/QC samples, delays, well damage, 

accidents, work plan deviations, instrument problems, and problem resolutions.

• Describe work performed and how documented such as photographs, sample core logs, 

water sampling logs, etc. 

• Describe bases for field decisions including pertinent conversations with visitors, regulators, or 

project personnel.  

• Note final instrument calibrations and checks.

• Sign the log book at the end of each day at a minimum.  Draw a line to the end of the page to 

indicate no further entries on that page.  Sign the bottom of each page if possible.

• If an entry to the log book is changed, strike out the deleted text or item with a single line such 

that the entry remains legible, and initial and date the change.  Such changes should only be 

made by the same person that made the initial entry.  

• Field log book entries must be made in the field at the site, not at a later time at a different 

location.  Supplemental entries to the log book may be made at a later date. The 

supplemental entry must be clearly identified as such and the entry must be signed and dated 

as described in this SOP. 

• Problems noted in the field log book must be brought to the attention of the project manager 

and task manager in a timely fashion.  Problems may be reported in person, on the telephone, 

or in a written daily log form.  If daily logs are prepared and you will not be able to personally 

give the daily log to the project manager, send the daily log via FAX  or overnight courier to 

the project manager and task manager.

VII. Waste Management

Investigation-derived waste will be managed as described in the Investigation-Derived Waste

Handling and Storage SOP. A drum/waste inventory should be maintained on a pre-designated 

page in the field log book.

VIII. Data Recording and Management

Each page of the field log book should be scanned for electronic/digital archiving at periodic 

intervals. This will ensure that copies of the field notes are available in the event the field book is lost 

or damaged, and that field data can be easily disseminated to others without the risk of physically 

sending the field log book. Field log books that are full should be archived with the project files, and 

readily retrievable.



5Field Log Book Entries 

Rev. #: 0  Rev Date:  11 August 2009

IX. Quality Assurance

Be mindful that the field log book may be produced in court. All entries should be legible (as 

discussed above). Entries should also be in English, unless working in a country where English is 

not the predominant language or you are directed otherwise by the project manager.

X. References

Not Applicable
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SOP 21: Hazardous Atmosphere Equipment Enclosure Entry 

1. Through daily system monitoring, observation of the equipment enclosure oxygen sensor, 

hydrogen sulfide (H2S) sensor, volatile organic compound (VOC’s) sensor, and potentially explosive 

atmosphere (LEL) sensor, the presence of a hazardous environment will be determined.  The 

potential hazardous environments include an oxygen enriched environment, an oxygen deficient 

environment, elevated concentrations of H2S, elevated concentrations of VOC’s, and a potentially 

explosive atmosphere.   

2. If hazardous atmosphere or critical alarm strobes are illuminated upon arrival, stop work and 

notify the OMM Engineer immediately and the entire remediation system will be shut down 

remotely.   Standard Operating Procedure (SOP) 22 presents the procedures that will be followed to 

enter the building and further investigate the origin of the hazardous atmosphere.   

3. Prior to system enclosure entry, contact the Operation, Maintenance, and Monitoring (OMM) 

Engineer who can access the system remotely to determine the real-time concentration and 

presence of any potential contaminants in the enclosure. 

4. The following minimum personal protective equipment requirements (Level D) will be worn 

before entering the equipment enclosure: steel-toe boots, safety glasses, reflective vest, and hard 

hat.  Additionally, a H2S personal dosimeter will be utilized at all times while inside the enclosure.  

The H2S dosimeters are located in the entrance doorway.  

5. If the atmosphere is unsafe anywhere in the enclosure, stop work, exit the enclosure, and notify 

the OMM Engineer Immediately. 

6. Enter the equipment enclosure and check the reading on the oxygen, H2S, VOC, and LEL 

sensors to see if it is reading an appropriate value.   A value that does not make sense (an 

extreme high or low value) may indicate that the sensor requires calibration or a component of 

the sensor is defective.   Exposure limits are noted on the table below. 

7. Be aware of any unusual odors. If you begin to feel faint at any point, immediately evacuate 

the building. 

8. Verify that the lids of T-200 and T-300 are securely closed upon entering the equipment 

enclosure. If the lids are not securely closed, fugitive oxygen, dissolved VOC’s in the 

groundwater, or other gases generated from bioactivity and dissolved in the extracted 

groundwater may have entered into the equipment enclosure instead of being vented outside as 

designed. 

9. Verify operation of the vent fans located in the vent piping from tanks T-200 and T-300 to the 

atmosphere. 

10. Check the pressure reading of the contents of T-900. No or little pressure in T-900 may 

indicate a leak in the oxygen supply system connections and/or piping. If the pressure reading of 

T-900 is zero or lower than the low pressure set point, refer to SOP 1 (Oxygen Enriched 
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Environment Equipment Enclosure Entry) to investigate and determine the source of the oxygen 

leak. 

11. Note all pertinent information related to the response and actions taken in the System 

Operator field log book, as well as on any applicable OMM logs. 

 

 

 

 

Exposure 
Hazard 

Monitoring  
Equipment 

Monitoring 
Frequency 

Action Level 
(sustained for 1 
minute) 

Required Action 

Hydrogen 
Sulfide 
(H2S) 

H2S or Multi-Gas 
meter 

Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 
 

≤ 0.5 ppm 
 
 
 
> 0.5 ppm 

Normal Operations.  
Continue Monitoring.  
 
 
Stop Work. Contact 
SHSO/PM.  Re-evaluate 
engineering controls.    

Oxygen 
(O2) 

Multi-Gas Meter Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 
 

19.5% -23.5% 
 
 
 
< 19.5%; >23.5% 
 
 

Normal Operations.  
Continue Monitoring.  
 
 
Stop Work/Evacuate. 
Contact SHSO/PM. 

Total 
VOCs 

Photoionization 
Detector (PID) 
 
(10.6 eV lamp or 
greater) 

Continuously 
In breathing 
zone 

≤ 0.5 ppm 
 
  
>0.5 

 

Normal operations. 
Continue Monitoring  
 
Stop Work. Contact 
SHSO/PM.  Re-evaluate 
engineering controls. 

Lower 
Explosive 
Limit (LEL) 

Multi-Gas Meter Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 

 

≤ 5% 
 
 
> 5% -10%  
 
 
 
> 10% 
 
 

Normal Operations. 
Continue Monitoring 
 
Contact SHSO/PM. 
Implement engineering 
controls. Proceed with 
caution. 
 
Stop Work/Evacuate.  
Contact SHSO/PM.  Re-
evaluate engineering 
controls.   
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SOP 22: Hazardous Atmosphere Equipment Enclosure Entry 

1. Through daily system monitoring, observation of the equipment enclosure oxygen sensor, 

hydrogen sulfide (H2S) sensor, volatile organic compound (VOC’s) sensor, and potentially explosive 

atmosphere (LEL) sensor, the presence of a hazardous environment will be determined.  The 

potential hazardous environments include an oxygen enriched environment, an oxygen deficient 

environment, elevated concentrations of H2S, elevated concentrations of VOC’s, and a potentially 

explosive atmosphere.   

2. If hazardous atmosphere or critical alarm strobes are illuminated upon arrival, stop work and 

notify the OMM Engineer immediately and the entire remediation system will be shut down 

remotely. This Standard Operating Procedure (SOP) presents the procedures that will be followed 

to enter the building and further investigate the origin of the hazardous atmosphere.   

3. Prior to system enclosure entry, contact the Operation, Maintenance, and Monitoring (OMM) 

Engineer who will access the system remotely to determine the real-time concentration and 

presence of any potential contaminants in the enclosure. 

4. The following minimum personal protective equipment requirements (Level D) will be worn 

before entering the equipment enclosure: steel-toe boots, safety glasses, reflective vest, and hard 

hat.  Additionally, a H2S personal dosimeter will be utilized at all times while inside the enclosure.  

The H2S dosimeters are located in the entrance doorway.  

5. If the permanent monitoring devices are reporting a hazardous atmosphere, a fully calibrated 

handheld 4-gas meter will be used during the response.  The 4-gas meter will remain clipped to the 

operator at all times to determine the presence and alert the operator.   Exposure limits are located 

in the table below. 

6. Open the barn style doors and man door of the equipment enclosure and allow 5 to 10 minutes 

for the air to vent to the outer atmosphere.  From outside the enclosure, turn the exhaust fan and 

louvers on to evacuate any hazardous fumes from the enclosure. 

7. Before entering the enclosure, communicate with the OMM Engineer who will monitor the real-

time concentration of the atmosphere again.  Do not enter the enclosure without discussing with the 

OMM Engineer.    

8. If the atmosphere is unsafe anywhere in the enclosure, stop work, exit the enclosure, and notify 

the OMM Engineer Immediately. 

9. Enter the equipment enclosure and check the reading on the oxygen, H2S, VOC, and LEL 

sensors to see if it is reading an appropriate value once the enclosure has been vented. A value 

that does not make sense (an extreme high or low value) may indicate that the sensor requires 

calibration or a component of the sensor is defective.  
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10. Be aware of any unusual odors. If you begin to feel faint at any point, immediately evacuate 

the building. 

11. Verify that the lids of T-200 and T-300 are securely closed upon entering the equipment 

enclosure. If the lids are not securely closed, fugitive oxygen, dissolved VOC’s in the 

groundwater, or other gases generated from bioactivity and dissolved in the extracted 

groundwater may have entered into the equipment enclosure instead of being vented outside as 

designed. 

12. Verify operation of the vent fans located in the vent piping from tanks T-200 and T-300 to the 

atmosphere. 

13. Check the pressure reading of the contents of T-900. No or little pressure in T-900 may 

indicate a leak in the oxygen supply system connections and/or piping. If the pressure reading of 

T-900 is zero or lower than the low pressure set point, refer to SOP 1 (Oxygen Enriched 

Environment Equipment Enclosure Entry) to investigate and determine the source of the oxygen 

leak. 

14. Do not restart the system for normal operation until the cause of the hazardous atmosphere is 

identified and fixed, and the OMM Engineer gives approval to operate the system. 

15. Note all pertinent information related to the response and actions taken in the System 

Operator field log book, as well as on any applicable OMM logs. 
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Exposure 
Hazard 

Monitoring  
Equipment 

Monitoring 
Frequency 

Action Level 
(sustained for 1 
minute) 

Required Action 

Hydrogen 
Sulfide 
(H2S) 

H2S or Multi-Gas 
meter 

Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 
 

≤ 0.5 ppm 
 
 
 
> 0.5 ppm 

Normal Operations.  
Continue Monitoring.  
 
 
Stop Work. Contact 
SHSO/PM.  Re-evaluate 
engineering controls.    

Oxygen 
(O2) 

Multi-Gas Meter Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 
 

19.5% -23.5% 
 
 
 
< 19.5%; >23.5% 
 
 

Normal Operations.  
Continue Monitoring.  
 
 
Stop Work/Evacuate. 
Contact SHSO/PM. 

Total 
VOCs 

Photoionization 
Detector (PID) 
 
(10.6 eV lamp or 
greater) 

Continuously 
In breathing 
zone 

≤ 0.5 ppm 
 
  
>0.5 

 

Normal operations. 
Continue Monitoring  
 
Stop Work. Contact 
SHSO/PM.  Re-evaluate 
engineering controls. 

Lower 
Explosive 
Limit (LEL) 

Multi-Gas Meter Breathing 
zone intervals 
based on 
scope and 
site 
conditions  
- 
Continuously 

 

≤ 5% 
 
 
> 5% -10%  
 
 
 
> 10% 
 
 

Normal Operations. 
Continue Monitoring 
 
Contact SHSO/PM. 
Implement engineering 
controls. Proceed with 
caution. 
 
Stop Work/Evacuate.  
Contact SHSO/PM.  Re-
evaluate engineering 
controls.   
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           GENERAL PERMIT TO WORK /TAILGATE MEETING – Chevron 
 
 
Project Name:  

 
  

 

Project Location (Address): 
 

Chevron Facility #: 
 

Chevron Project Manager: 
 
 Total # of Companies at Site:   

 
Valid Date (1 day):    _____________________________    

 
Person Conducting Meeting:  _____________________________________________________________ 

Modifications to this form may not be made unless approved by the ARCADIS‐Chevron Principal in Charge (PIC) – John Vogeley.  This Permit is intended to be completed in the field by a qualified and 
predetermined Permit Approver.  The individual completing this permit should communicate each section to field staff during the daily safety meeting.  It is intended to serve as a tool for identifying and mitigating 
hazards that affect every worker on site.  Solicit input from persons attending the safety meeting during permit completion.  Resolve all “NO” responses prior to starting work. 

1a. Have necessary work permits (local, state and/or federal) been obtained (including those for subcontractors)?  Yes  No  N/A 

1b. If CONFINED SPACE activities are to be conducted has the CONFINED SPACE portion of the HIGH RISK WORK PERMIT been completed?  Yes  No  N/A 

1c. If EXCAVATION / TRENCHING / DRILLING / OVERHEAD CLEARANCE activities deeper than 4 feet and/or within 10 feet of a high pressure gas line and/or within 3 feet of a buried 
active product or electric line or overhead work involving equipment within 15 feet of an overhead electric line or pole supporting the line are to be conducted has the applicable portion of 
the HIGH RISK WORK PERMIT been completed? In Latin America, will drilling activities be conducted?  Drilling/Hot Work Sections on HIGH RISK WORK PERMIT completed?   

 Yes  No  N/A 

1d. If HOTWORK activities are to be conducted has the HOTWORK and FIRE MONITOR ACTIVITY LOG portions of the HIGH RISK WORK PERMIT been completed?  Yes  No  N/A 

1e. If LOCK OUT / TAG OUT (LO/TO) activities are to be conducted has the LO/TO portion of the HIGH RISK WORK PERMIT been completed?  Yes  No  N/A 

1f. If DIVING activities are to be conducted has the DIVING portion of the HIGH RISK WORK PERMIT been completed?  Yes  No  N/A 

1g. If workers are WORKING AT an ELEVATION over 6 feet has the WORKING AT ELEVATION portion of the HIGH RISK WORK PERMIT been completed?   Yes  No  N/A 

1h. If workers are BOATING or WORKING NEAR OPEN WATER has the applicable portion of the HIGH RISK WORK PERMIT been completed?  Yes  No  N/A 

1i. If DEMOLITION, REMOVAL OF PIPELINES AND BURIED STRUCTURES work activities are to be conducted has the EXCAVATION / TRENCHING / DRILLING / OVERHEAD 
CLEARANCE and DEMOLITION, REMOVAL OF PIPELINES AND BURIED STRUCTURES portions of the HIGH RISK WORK PERMIT been completed? 

 Yes  No  N/A 

2. Have applicable pre-trip paperwork (JMP and vehicle inspection checklists) been completed by ARCADIS personnel and ARCADIS subcontractors (if applicable)?  Has subcontractor 
paperwork been inspected? 

 Yes  No  N/A 

3. HASP:  Have all sections of the Health & Safety Plan (E-HASP) applying to today’s tasks been reviewed?  Yes  No  N/A 

4. HASP: Has the E-HASP been signed by appropriate on-site personnel?    Yes  No  N/A 

5. HASP: Have all visitors and workers completed the E-HASP written test?  Have all tested been graded?  Deficiencies reviewed?  Yes  No  N/A 

6. HASP: Have the action levels and work zones been identified and reviewed?  Yes  No  N/A 

7. HASP: Will traffic control efforts comply with Chevron and ARCADIS requirements? (See Back Page for Chevron Requirements)  Yes  No  N/A 

8a. Air Monitoring:  Air monitoring being conducted? (If yes, then complete 8b – 8d)  Yes         N/A 

8b. Air Monitoring: Is monitoring equipment present and properly calibrated?  Yes  No  N/A 

8c. Air Monitoring: . Have E-HASP requirements for air monitoring been reviewed?     Yes  No  N/A 

8d. Air Monitoring: Will Air Monitoring Log be completed by Health & Safety Supervisor (SSO)?  Yes  No  N/A 

9. Has Chevron’s hand safety policy, including FOBK prohibition, Stop Work Authority been discussed and highlighted during the health and safety meeting (See Statement on Back Page)  Yes  No  N/A 

10. Have Operational Excellence Tenets been discussed and highlighted during the daily health and safety meeting? (See Back Page for Reference)  Yes  No  N/A 

11. Electrical: Will GFCI in-line protectors, positioned next to the power source, be tested and utilized if AC-powered equipment is used?  Yes  No  N/A 

12. Electrical: Have electrical cords and been inspected prior to use?  Yes  No  N/A 

13. Electrical: If electricians will be required to work in live panels, have they been trained on NFPA 70E?  Are they prepared to comply with NFPA 70E requirements?  Yes  No  N/A 

14. Equipment Operation:   Are above-ground utilities identified and clearly visible by equipment operators? Underground utilities marked?  Yes  No  N/A 

15. Equipment Operation:   Has AN equipment inspection checklist been completed for all equipment being used today?  Note: Checklists may vary by office, subcontractor and equipment  Yes  No  N/A 

16. Equipment Operation or subsurface work:  Has the underground/overhead utilities checklist been completed?  Yes  No  N/A 

17. +  Have shut-off switches/valves been located (as required by scope work)?  N/A    Electric    Gas         Water     Other    N/A 

18. +   Are proper traffic and/or fire control measures in-place?  Traffic       Fire Prevention     N/A      

19. +   Who is the designated SSO for today? Name: 

20. +   Does everyone know his/her role during an emergency?  E-HASP section related to emergency roles and responsibilities reviewed?  Yes  No  N/A 

21. +   Does everyone know the location, directions, and name of the nearest hospital?    Yes  No  N/A 

22. +   Has a plan been established to ensure emergency responders can easily locate or be escorted to the work site?  Yes  No  N/A 

23.  +   Where is the nearest working phone located (non-cell phone) Location: 

24. +   Where is the location of the primary first aid kit (to include portable eyewash & CPR shield)?   Location: 

25. +   Where is the location of the primary fire extinguisher? Location: 

26. + Have signals or alarms (stop work, sheltering, evacuation, etc.) been communicated to everyone on site? Without conflicts with other work activity?  Yes  No  N/A 

27. + Are weather conditions acceptable or have associated risks been mitigated? Are hydrating fluids (no caffeine) avaialbe to workers?  Shade?  Shelter within reasonable distance?  Yes  No  N/A 

28. +   Document last inspection date of primary fire extinguisher and expiration of primary first aid kit 
contents:  

Extinguisher - First Aid Kit -  

29. Have modifications to safety procedures or documentation (ie. JMP, TCP) been made and communicated to onsite personnel?  Yes  No   N/A 

30. Are MSDS for ALL chemicals being used at site (oils, detergents, preservatives, etc.) included in E-HASP?  Have crews using these chemicals read the MSDS?  Are they readily 
available for quick review or to hand off to EMS personnel? 

 Yes  No   N/A 

31. Waste labels prepared? Solid waste drums stored on pallets? Liquid waste drums stored on secondary containment? Drums stored at location acceptable to property owner?     Yes  No   N/A 

32. Is waste currently on site?  If so, what is the status of the disposal process: 
 CIRCLE ONE of the FOLLOWING:   1. Characterization or Sample collection   /    2. Profile  /   3. Scheduled pickup   /    4. OTHER:  

 Yes  No   N/A 

33. 
What is the scope of work for ARCADIS and ARCADIS subcontractors today?       List Company Responsible 

JLA prepared and/or 
reviewed TODAY for 
each  task? 

 A)   Yes  No  N/A 

 B)   Yes  No  N/A 

 C)   Yes  No  N/A 

 D)   Yes  No  N/A 

Hazard Identification Tool 
Utilize the table below to identify and summarize briefly what hazards exist, where on site and/or as a result of what process.  Summarize critical actions necessary to mitigate these hazards.  This section should be completed 
IN ADDITION TO the JOB LOSS ANALYSIS (JLA) required for the day and should assist in JLA preparation.  This section is intended to serve as a tool and not a duplication of efforts.  Be as brief as possible on THIS TABLE.   

Energy Source Hazards Critical Action(s) 

 

 
Gravity 
Falling objects, collapsing roof and a body tripping/falling 

  

 

 
Motion 
Vehicle, vessel, or equipment movement; flowing water; wind; and 
body positioning when lifting, straining or bending 

  

 
 

Mechanical 
Rotating equipment, corpressed springs, drive belts, conveyors 
and motors 

  

 

 
Electrical 
Power lines, transformers, static charges, lightning, energized 
equipment, wiring and batteries 

  

 

 
Pressure 
Pressure piping, compressed cylinders, control lines, vessels, 
tanks, hoses, and pneumatic nd hydraulic equipment 

  

 

 

Temperature 
Open flame, ignition sources; hot or chold surfaces, liquids or 
gasses; steam, friction; and general environmental and weather 
conditions 

  

 
 

Chemical  
Flammable vapors, reactive hazards, carcinogens or other toxic 
compounds, corrosives, pyrophorics, combustibles, oxygen-
deficient atmostpheres, weldings fumes, dusts 

  

 

 
Biological 
Animals, bacteria, viruses, insects, blood-borne pathogens, 
improperly handled food and contaminated drinking water 

  

 

 
Radiation 
Lighting issues, welding arcs, solar rays, microwaves, lasers, X-
rays and naturally occurring radioactive material (NORM) 

  

Version 01.04.2012 
Permit ID: 

_______________________________ ‐ _____ ‐ _____ ‐ _____ 
                         (Facility #)                                   Year      Month   Day 
Example: 1239770 – 11 – 12 – 05  : Section not required – for filing only 
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Sound 
Equipment noise, impact noise, vibration, high-pressure release 
and the impact of noise to communication 
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34. Are personnel qualified to perform work at site?  Training records verified and available onsite for review?  Yes  No  N/A 

35. Are appropriate tools on-site to complete tasks safely and appropriately? Discussed in JLAs?  Yes  No  N/A 

36. Locally fabricated equipment approved by Chevron PM?  Yes  No  N/A 

37. Will work conducted in a multiple work zones or by multiple crews have the potential to impact each other?  If so, is there a plan detailed on each JLA to address communication 
between work zones/companies? 

 Yes  No  N/A 

38. Level of PPE required for each task specified to workers (Level C, Level D, etc.)? PPE specifics discussed and documented in JLAs?  Yes  No  N/A 

39. Motor vehicle precautions discussed? Maintain a minimum of 3 feet from objects; avoid backing without a spotter, if possible; forward motion always preferred; set parking brake.  Yes  No  N/A 

 

Special Safety Concerns For Today 
Personnel wishing to volunteer information relating to allergies/ailments/illnesses AND whether s/he is wearing contact lenses:

Last Name:                                                  Note: Last Name:                                                  Note: 

Last Name:                                                  Note: Last Name:                                                  Note: 

 
Short Service Employee List (requires prior Chevron PM approval – no more than 1 SSE if < 5 Workers on Site) 

Short Service Employees On-Site Short Service Mentor 

  

  

  

 
 
NOTICE TO ALL WORKERS: – By signing below, you agree that you have read and fully understand the JLAs applicable to you and your assigned duties. 

Name (PRINT) Company 
Before 
Work 
(Time) 

Signature 
Mid Day 
(Time)  Initials 

(Mid- Day Meeting) 

1.      
2.      
3.      
4.      
5.      
6.      
7.      
8.      
9.      
10.      

 
 
“I have assessed the risks posed by work activities planned for today and steps to mitigate those risks (e.g. E-HASP, JLA, PTW, tailgate meeting, coordination with other parties 
on site, etc.) have been completed to the best of our ability.  Issues identified on the front page of this permit have been corrected.  Work is safe to proceed.  If site conditions 
change, Stop Work Authority will be used to assess work conditions.” 

 Permit Approver: _________________________________________                                             Date (___/___/___) 
Time Work Approved to Proceed: __________________    Time Work to Cease (Permit Closed): ________________ 
 

 
 

Time 
ARCADIS 
Employee 

Activity 
(LPO, Near Loss, Incident, Stop 

Work, Audit, etc.) 
Comments 

    

    

    

    

 
 
 
 
 

5 Keys to Operational Discipline Safety Vest Classes 

 Everyone knows how to do their job correctly 
and safely. 

 Supervisors and leaders reinforce the right 
behaviors and correct poor behavior and 
performance. 

 
Class I – high visibility safety vest with no 
reflective bands  

NOT ALLOWED ON CHEVRON PROJECT SITES 

 Workers recognize hazards and anticipate 
unusual situations. 

 Workers expect and demand that their 
coworkers follow procedures.  

Class II – high visibility safety vest with 
reflective bands around chest, shoulders 
and back 

Minimum class allowed at Chevron project sites; 
used in standard lighting conditions and mod. traffic 
conditions 

 When unusual situations occur, work is stopped 
and change is effectively managed. 

  
Class III – high visibility safety vest with 
reflective bands around chest or waist, 
shoulders and sleeves 

When performing night-time work or work in low 
light conditions; when working near areas where 
traffic  flow is over 50 mph  

 
Chevron Work Zone Level Summary 

Level I Min. of 4 delineators, with max. space between of 4 feet.  Use buddy system and vehicle with flashers as necessary. 

Level II 
Barrier tape on delineators with flags and the use of field vehicles (with flashing yellow light or vehicle hazard lights) and\or other lane control devices.  Metal barricades may be used in conjunction because of the noise they make if knocked over. 
The buddy system should be used in areas where the worker cannot give undivided attention to traffic when exposed to traffic hazards. Use for temporary securing of an area (for sampling ground water, hand digging, etc.) or for temporary 
isolation of an area for storing or moving equipment/supplies. 

Level III 
Plastic Security Fencing and\or Type 2 or 3 barricades. A flashing yellow light on the vehicle may be used for additional visibility.  Be cognizant of blocking of pump islands and any other dealer concerns.  To be used when there is heavy 
equipment, power tools, in areas near electrically energized or rotating equipment, as protection for workers or public near slow moving traffic or with high traffic volume, in driveways, around tripping hazards, and to control third party foot traffic.  
If there is no third party traffic potential then Level 3 is NOT required. 

Level IV 
Often requires oversight by a licensed traffic controller. In the U.S., the DOT requires signage and protection devices – refer to the Manual on Uniform Traffic Control Devices (MUTCD). Your country/state/region may have more stringent 
requirements (e.g., Caltrans WATCH Manual in California).A thorough Job Safety Analysis is required. Note: If the likelihood of vehicles backing in a public right-of-way is low, the 48” minimum height of control devices may not apply. 

 

1. Always operate within design and environmental 
 limits. 

2. Always operate in a safe and controlled condition. 
3. Always ensure safety devices are in place and functioning. 
4. Always perform safe work practices and procedures. 
5. Always meet or exceed customers’ requirements. 
6. Always maintain integrity of dedicated systems. 
7. Always comply with all applicable rules and regulations. 
8. Always address abnormal conditions. 
9. Always follow written procedures for high‐risk or unusual situations. 
10. Always involve the right people in decisions that affect procedures 

and equipment. 

Chevron Tenets of Operation 

Operational 
Discipline:  
Every task, 

the right way, 
every time 

STOP WORK AUTHORITY 
AS AN EMPLOYEE OR 

CONTRACTOR FOR CHEVRON, YOU 

ARE RESPONSIBLE AND 

AUTHORIZED TO STOP ANY WORK 

THAT IS NOT SAFE OR DOES NOT 

COMPLY WITH THE OE TENETS.  
THERE WILL BE NO 

REPERCUSSIONS FOR INITIATING 

STOP WORK AUTHORITY. 
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HIGH RISK PERMIT TO WORK 
 
 
 

Project Name:   
Chevron  
Facility #:  

Project Location 
(Address): 

 Total # On-site Workers:  
Chevron Project 
Manager: 

 Project 
Type: 

 

Valid Date:  
Time 
Written: 

 
Time 
Closed-out:  

THIS HIGH RISK PERMIT REQUIRES COMPLETION BY AN AUTHORIZED PERMIT APPROVER.  EVERY WORKER SHOULD READ AND 
UNDERSTAND, IN THEIR ENTIRETY, APPLICABLE SECTIONS IN THE SITE HEALTH AND SAFETY PLAN.  THIS PERMIT DOES NOT REPLACE TASK- 
SPECIFIC CHECKLISTS AND FORMS PRESENT IN THE SITE HEALTH AND SAFETY PLAN. 

CONFINED SPACE  
Confined Space = Space with restricted entry/exit, large enough to contain worker and not intended for worker occupancy. 
Permit-required Confined Space = Confined space with a hazard to health or life associated with it. 

1. 
Location and Description of Confined Space: 
_____________________________________________________________________________________________________________________ 

2. Entry objectives: 

3. Equipment / Materials required for entry: 

4a. Time of entry: 4b. Expiration of entry: 

5. Type of respirator: 6. Level of PPE protection:  Level A   Level B   Level C    Level D 

7. Air monitoring:  Continuous     5 minutes     10 minutes     15 minutes    for   % Oxygen     % LEL     H2S     CO     Other: 

 Has each entrant received confined space training?  Yes  (Stop Work)       No 

8. Has each entrant developed / reviewed JSA for scope of work in confined space?  Yes  (Stop Work)       No                 

9. Have entrants and attendants agreed upon hand signals?  Yes  (Stop Work)       No           

10. 
Do entrants have any medical conditions or currently taking medication that could 
affect their safety in the confined space? 

 Yes  (Stop Work)       No           

11. Is there a rescue plan in place that includes a worker safety line or self-retriever?  Yes             No (Stop Work)                N/A   

12. Is a trained rescue team available at the entry point?   Yes             No (Stop Work)                N/A   

13a. Number of Entrants: 13b. Number of Attendants: 

 Name of Entrants Name of Attendants 

   

   

14. 
Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

15. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-
approved company representative 

 E-mail     Fax    Phone (w/ documentation)   No  

EXCAVATION / TRENCHING / DRILLING / OVERHEAD CLEARANCE 
Required for excavations deeper than 4 feet, excavations or drilling within 10 feet of a buried high pressure gas line, excavation or drilling within 3 feet of a buried active 
product line or active electric line, or work involving equipment (such as pulling unit, mast truck, backhoe or excavator) within 15 feet of active overhead electrical line or 
pole supporting an electric line. 
1. Soil classified as:  Stable rock      Type A      Type B      Type C  

2a. Soil classified on: 2b. Soil classified by: 

3. Type of protection system in use:  Sloping      Shoring     N/A    Other :    

4. Description of excavation/trench/drilling: 
 

5. Have underground utilities been marked by contracted utility locating company?  Yes                   No            N/A 

6. Are underground installations including utilities in danger?  Yes                   No            N/A 

7. Has the Chevron AND ARCADIS Underground / Overhead Utility Checklist been completed?  Yes                   No            N/A 

8. Has the Daily / Periodic Excavation Inspection Checklist been completed?  Yes                   No            N/A 

8. Document if the following are present: 

  Electric Power Line (method of marking [i.e. red flags]):  Drain Line (method of marking): 

  Natural Gas Line (method of marking):  Underground storage tank (method of marking): 

  Telephone Line (method of marking):  Underground Cable (method of marking): 

  Water Line (method of marking):  Overhead Power Line (method of marking): 
  Product Line (method of marking):  Overhead Product Line (method of marking): 
 Sewer Line (method of marking):  Steam Line (method of marking): 

9. Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

10. Chevron PM acceptance?  Must be accepted by Chevron PM or pre-
approved company representative 

 E-mail     Fax    Phone (w/ documentation)   No 

 

 
HIGH RISK WORK PERMIT 
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HOT WORK 

1. 
Location and Description of Hot Work: 
_____________________________________________________________________________________________________________________ 

2. Objective of Hot Work: 

3. Equipment / Material used: 

4a. Time of Hot Work: 4b. Time of Hot Work Completion: 

5a. 
Available fire suppression:   Fixed water supply   Fire blanket 

 Portable extinguisher (See 5b.→) 
5b. Quantity, size, and type of extinguisher: 
 

6. Are fire barriers in place to control sparks?   Yes           No           N/A 

7. Air monitoring:  Continuous     5 minutes     10 minutes     15 minutes    for  % Oxygen     % LEL     H2S     CO     Other: 

8. Have workers developed / reviewed JSA for scope of work?  Yes           No           N/A 

9. Have workers been trained on using fire suppression system at site?  Yes           No           N/A 

10. 
Are adequate monitors available to maintain continuous, unobstructed 
vision of the hot work being performed? 

 Yes           No           N/A 

11 
Has fire monitor been designated with the sole responsibility of monitoring 
hot work activity and verifying there is no fire condition AFTER hot work has 
ended? 

 Yes            No   (Stop Work)    N/A   

12a. Name of Employees Performing Hot Work 12b.                            Name of Dedicated Fire Monitors 

   

   

13.                                                                                     FIRE MONITOR ACTIVITY LOG 
14. 14a. Time of pre-work survey:  14b. Pre-work LEL%: 

 14c. Pre-work Oxygen %:  14d. LEL% after __________ minutes of work: 

 14d. Oxygen % after __________ minutes of work:  

15. 
Have hot work areas been monitored for up to an hour after completion of 
hot work activity? 

 Yes           No           N/A 

16. 
Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

17. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-
approved company representative 

 E-mail     Fax    Phone (w/ documentation)   No  

 
LOCKOUT / TAGOUT 

1. Have authorized and affected employees been training in the Lockout / Tagout (LO/TO) program?  Yes                   No            N/A 

2. Has the LO/TO Equipment-Specific Energy Control Procedure form been completed?  Yes                   No            N/A 

2. Are there multiple keys for the lock?  Yes  (Stop Work)  No            N/A 

3. Equipment Identification: 

Hazardous Energy Source Isolation Device Verifying Lockout 
Means of Verification of Lockout 

Type & Magnitude Function Type Location ID #  

Electrical 120V      

Electrical (over 120V)      

Pneumatic      

Hydraulic      

Mechanical      

Potential      

Gravity      

Other      

4. 
Have current LO/TO locations been inspected by an employee not involved 
in the energy control process periodically? 

 Yes           No           N/A 

5. 

PERMISSION TO REMOVE LOCKOUT / TAGOUT 
FROM AUTHORIZED EMPLOYEE (PRINT NAME): 
 

 E-mail     Fax    Phone (w/ documentation)   No (STOP WORK) 
OSHA allows removal of LO/TO devices only if worker that applied the lock is not available and permission has been given by 
that individual.  If permission has not been given, documentation of efforts to obtain permission must be kept. The worker that 
applied the LO/TO must be notified of its removal prior to returning to the work site.  This notification and acceptance should be 
documented. 

6. 
Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

7. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-approved 
company representative.  Exception: O&M performed AT LEAST Quarterly. 

 E-mail     Fax    Phone (w/ documentation)   No  

 
 
 
 
 
 
 

HIGH RISK WORK PERMIT 
DIVING 



C:\Users\plane\Desktop\Tony\Appendix D - PTW_HRPTW\HIGH RISK WORK 
PERMIT .November.2011.doc    Page 3 of 4 

 

United States Coast Guard:  VHF Channel 16                                 Dives Alert Network (DAN): 1-919-684-4326 

1. 
Location and Description of Diving: 
______________________________________________________________________________________________________________________________ 

2. Objective of Dive: 

3a. Time of First Dive: 3b. Time of Last Dive Completion: 

4a. Name of Dive Safety Officer: 4b. Proposed # of Dives Per Day: 

5. Are divers preparing a dive log?  Yes           No (Stop Work)          N/A 

6. What is the minimum surface time interval between dives? 
 1 hour   2 hours     Other ______ 

hours   

7. 
Have divers developed / reviewed JSA for scope of work, which includes entry procedures, depth 
and bottom time limits, emergency procedures, etc.? 

 Yes            No   (Stop Work)    N/A 

8. Are dive physicals available for each diver?  Yes            No   (Stop Work)    N/A 

9. Are divers mentally and physically prepared for diving?  Yes            No   (Stop Work)    N/A 

10a. Name of Certified Divers 10b.                           Name of Support Personnel 

   

   

11. 
Have divers and support team reviewed hand signals, emergency recall signals and emergency 
procedures? 

 Yes            No   (Stop Work)    N/A 

12. Is dive platform stable, seaworthy and outfitted with proper safety equipment?  Yes            No   (Stop Work)    N/A   

13. Has all dive gear been inspected by the user and found to be fully operational?  Yes            No   (Stop Work)    N/A   

14. Is a means of communication available? (cellular telephone, landline phone, NAVSAT,etc.)?  Yes            No   (Stop Work)    N/A 

15. 
Is location of diving first aid kit, drinking water, oxygen resuscitator and backboard and rescue 
equipment known to divers and support personnel? 

 Yes            No   (Stop Work)    N/A   

16. What is the address and phone number to the closest hospital to the dive site?  

17. What is the address and phone number to the nearest recompression chamber to the site?  

18. 
Authorized Permit Approver (PRINT): 
 
 

Authorized Permit Approver (SIGNATURE): 
 

19. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-approved company 
representative 

 E-mail     Fax    Phone (w/ documentation)   
No  

 
WORKING AT ELEVATION 

Persons working at or above an elevation of 6 feet must have fall protection.  OSHA 29 CFR 1926 Subpart M governs fall protection.   
1. Do employees know appropriate anchorage points for each task that requires a fall-arrest or restraint system?  Yes   No (Stop Work)       N/A 

2. Are all anchorage points stable, substantial and have sufficient strength to withstand twice the potential impact 
energy of the free-fall? 

 Yes   No (Stop Work)       N/A

3. Are all anchorage points for body harnesses located at shoulder height?  Yes   No (Stop Work)       N/A

4. Are anchorage points for self-retracting lifeline systems located overhead?  Yes   No (Stop Work)       N/A

5. If the lifeline, lanyard, or self-retracting lifeline is not permanently attached to an anchorage point at the elevated 
work area, is the first worker up or the last worker down protected while climbing and traversing? 

 Yes   No (Stop Work)       N/A

6. Does the lifeline have a minimum breaking strength of 5,000 pounds?  Yes   No (Stop Work)       N/A

7. Is the lifeline free from abrasive or cutting edges?  Yes   No (Stop Work)       N/A

8. Does the system provide fall protection as the worker connects to and releases from the lifeline?  Yes   No (Stop Work)       N/A

9. Is the lifeline arranged so workers never have to hold it for balance?  Yes   No (Stop Work)       N/A

10. Is the vertical segment integrated with the horizontal segment to provide continuous fall protection?  Yes   No (Stop Work)       N/A

11. Has equipment been inspected thoroughly for signs of abrasion, fraying, punctures, etc. prior to use?    Yes   No (Stop Work)       N/A

12. Is the fall arrester equipment with a locking mechanism that prevents unintentional opening of the device and 
subsequent disengagement from the lifeline? 

 Yes   No (Stop Work)       N/A

13. Is the lanyard length as short as necessary and in no case greater than 6 feet?  Yes   No (Stop Work)       N/A

14. Does the lanyard have a shock absorbing feature to limit the arresting forces to 500-600 pounds?  Yes   No (Stop Work)       N/A

15. Has the free-fall distance been considered, so that a worker will not strike a lower surface or object before the fall 
is arrested? 

 Yes   No (Stop Work)       N/A

16. Have pendulum-swing fall hazards been eliminated?  Yes   No (Stop Work)       N/A

17. Have safe methods to retrieve fallen workers been planned?  Yes   No (Stop Work)       N/A

18. Have harnesses been inspected ON THE USER by Health & Safety Supervisor or Authorized Permit Writer?  Yes   No (Stop Work)       N/A

19. Have ladders and scaffolds been inspected prior to use?  Yes   No (Stop Work)       N/A

20. 
Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

21. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-approved 
company representative.  

 E-mail     Fax    Phone (w/ documentation)   No  

   

 
 
HIGH RISK WORK PERMIT 

BOATING OR WORKING NEAR OPEN WATER* 
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*CFR 1910.126 pertains to working over or near open water.  This permit is limited to operations “where a risk of drowning exists”.   
1. Does boat have current registration on board?  Yes   No (Stop Work)       N/A

2. Does boat operator have appropriate training (US Coast Guard Boating Safety Course or equivalent)?  Yes   No (Stop Work)       N/A

3. Have all passengers been acquainted with use and location of safety equipment, radio, scope of work, etc.?  Yes   No (Stop Work)       N/A

4. Have emergency docking location(s) been assessed by boat operator?  Yes   No (Stop Work)       N/A

5. Are properly fitted personal flotation devices (PFDs) available for every boat passenger?  Yes   No (Stop Work)       N/A

6. 
Have PFDs been inspected for tears/holes, discolored or weakened material, insecure straps, zippers, buckles or 
labels that are no longer readable? 

 Yes   No (Stop Work)       N/A

7. Is a throw ring (Class IV PFD) on the vessel?  Yes   No (Stop Work)       N/A

8. If sampling on or near water below 50o F, will cold water immersion suits be worn by all passengers?  Yes   No (Stop Work)       N/A

9. Is a horn available capable of producing a 4-second blast audible for at least ½ mile?  Yes   No (Stop Work)       N/A

10. 
If using a portable air horn as the primary audible device is a second can of air or an alternative audible device 
available? 

 Yes   No (Stop Work)       N/A

11. Are all navigational AND instrument lights in working order?  Yes   No (Stop Work)       N/A

12. Are visual signaling devices (flares, days signals, etc.) stored in a dry location and available at all times?  Yes   No (Stop Work)       N/A

13. Is there a plug and material for bailing water from the boat?  Yes   No (Stop Work)       N/A

14. Is an additional propulsion device (oar, paddles, smaller motor) in the boat?  Yes   No (Stop Work)       N/A

15. Is there a US Coast Guard-approved marine fire extinguisher, a stocked first aid kit and batteries on board?  Yes   No (Stop Work)       N/A

16. Have the fuel, oil, and battery levels been checked?  Yes   No (Stop Work)       N/A

17. Is the weather forecast favorable for boating and is a weather band radio operational?  Yes   No (Stop Work)       N/A

18. Is an anchor and suitable length of anchor line available on the boat?  Yes   No (Stop Work)       N/A

19. Are cell phones and a marine radio available and operational?  Yes   No (Stop Work)       N/A

20. Has a float plan been prepared for the boating activities and has it been given to on-shore personnel?  Yes   No (Stop Work)       N/A

21. 
Are throw rings or PFDs available for employees working near or above open water? Are throw rings readily 
accessible?  

 Yes   No (Stop Work)       N/A

22. If working near or above open water does the JSA adequately address “fall in” hazards?  Yes   No (Stop Work)       N/A

23. Has a rescue plan been added to the JSA for “fall in” emergencies?  Yes   No (Stop Work)       N/A

 
“I have assessed the risks posed by work activities planned on or near the water and have taken steps to mitigate those risks.  If working on a boat I will 
familiarize myself with federal, state and local boating regulations and/or International Inland Navigation Rules. I will wear a US Coast Guard-approved 
personal flotation device AT ALL TIMES when I am in a boat or working near or above water.”   

24. Name of Boaters (PRINT) Name of Boaters (SIGNATURE) 

   

   

   

25a. Any boat passengers have allergies/ailments/illnesses?   25b.  Yes  (If YES, provide details below:         No         

   

26. 
Authorized Permit Approver (PRINT): 
 
 

Authorized Permit Approver (SIGNATURE): 
 

27. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-
approved company representative 

 E-mail     Fax    Phone (w/ documentation)   No  

 
DEMOLITION, REMOVAL OF PIPELINES AND BURIED STRUCTURES 

Complete the EXCAVATION / TRENCHING / DRILLING / OVERHEAD CLEARANCE portion of this permit before proceeding below. 
1. Have necessary federal, state and local permits been obtained?  Yes  (Stop Work)  No            N/A 

2. Has the Excavation / Trenching portion of this permit been completed?  Yes           No            N/A 

3. Have storage tanks and pipelines been identified on drawings?   Yes           No            N/A 

4. Have underground installations been identified using ground penetrating radar?  Yes           No            N/A 

5. Have tanks and pipelines been emptied and filled with inert material prior to removal?  Yes           No            N/A 

6. Will there be steps to prevent spills or releases?  Yes  (Stop Work)  No            N/A 

7. Are there adequate materials for containment and cleanup of spills or releases?  Yes  (Stop Work)  No            N/A 

8. Has a debris pile been selected at a safe location away from the immediate work area?  Yes  (Stop Work)  No            N/A 

9. Have fire department personnel been notified of today’s work activities?  Yes           No            N/A 

10. Is there a need to decontaminate debris prior to removal from site?  Yes           No            N/A 

11. Have plans been made for scrap material to be removed from the site expeditiously?  Yes           No            N/A 

12. 
Authorized Permit Approver (PRINT): 
 

Authorized Permit Approver (SIGNATURE): 
 

13. 
Chevron PM acceptance?  Must be accepted by Chevron PM or pre-
approved company representative.  Exception: O&M performed AT 
LEAST Quarterly. 

 E-mail     Fax    Phone (w/ documentation)   No  

  



 

General PTW Supplement – Hazard ID Project Number: 

Project Name: 
 

Localization: Meeting Conducted by: 

Subcontractor: 
 

Subcontractor/Other Companies: 
 

Date and Time: 

Activities General Description: 
 
 
Permits Needed: General Hot Work Excavation  Confined Space Other (specify): 
Reminders (Refer to information on back of page): 

Stop Work Authority Loss Prevention Self Assessment  Chevron’s Tenets of Operation #: Operational Discipline 

Hazard Identification Tool (Refer to information on back of page) 
Energy Source Hazards Identified On-Site Critical Action 

 

Gravity 
  

 

Motion 
  

 
Mechanical 

  

 

Electrical 
  

 
Pressure 

  

 

Temperature 
  

 
Chemical  

  

 

Biological 
  

 

Radiation 
  

 
Sound 

  

Personal Protective Equipment (PPE): Equipment Needed: 
Hardhat 
Safety Glasses/Eyeglasses 
Reflective Vest 
Safety Boots 
Hearing Protection 
Other (specify): 

Leather Gloves 
Cut Resistant Gloves 
Nitrile Gloves 
 Faceshield 
Tyvek 

 

Multiple Gas Detector 
Barricades/Signs 
Cones/Flags 
Spill Prevention Kit/Materials 
First Aid Kit 
Fire extinguisher 
 Other (specify): 

Designated Hospital: 
 
CPR/FA Trained Personnel: 

Allergies/Conditions (voluntary) Emergency Instructions: 

Attendees:  
 
 
 



 

 

Stop Work Authority 

Loss Prevention Self Assessment 

Chevron Tenets of Operation 

Hazard Identification Tool Operational Discipline 

 

 

Every task, 
done right, 
every time 



Appendix E 

 

System OMM Logs/Checklists 



Date:                                               Time:  Reviewer:
Item Description Comments
Extraction Well 1
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Extraction Well 2
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
T-200 Equalization Tank
Water Level in Tank Held Constant (yes/no)
If Applicable – Depth of Water (feet)
P-200 Transfer Pump
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Oxygen Amendment
Oxygen Generator Operation Control Setting (H/O/A)
SV-900 Operation Control Setting (H/O/A)
Valve Opening (P-200 Operating)/Closing (P-200 Not Operating) with 
Respect to P-200 Operation (yes/no)
Motorized Ball Valve
Valve Opening (P-200 Operating)/Closing (P-200 Not Operating) with 
Respect to P-200 Operation (yes/no)

Valve Control Setting (H/O/A)
T-300 Decant Tank

Water Level in Tank Held Constant (yes/no)

If Applicable – Depth of Water (feet)

Dissolved Oxygen Reading (ppm)
P-300 Injection Pump
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Discharge Manifold
Trench 1
Totalized Effluent Flow (gallons)
Trench 2
Totalized Effluent Flow (gallons)
Trench 3
Totalized Effluent Flow (gallons)
Trench 4
Totalized Effluent Flow (gallons)
Trench 5
Totalized Effluent Flow (gallons)
Injection Well 1
Totalized Effluent Flow (gallons)
Injection Well 2
Totalized Effluent Flow (gallons)
Injection Well 3
Totalized Effluent Flow (gallons)
Injection Well 4
Totalized Effluent Flow (gallons)

Remote Monitoring Daily Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System



Equipment Enclosure
Building Temperature (°F)
Atmospheric Pressure Transmitter Reading (hPa)
Oxygen Sensor Reading Normal (yes/no)
Remote Communication Signal Good (yes/no)
System
Current or Recent Alarm Conditions Noted (yes/no)
Notes:



Date:                                                         Time: Operator:
Item Description Comments
Extraction Well 1 – Vault
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Pitless Adaptor Connection in Good Condition 
(yes/no)
Conduit, Junction Boxes, and Grounding Wire in Good 
Condition (yes/no)
Well Seal, Pump Removal Cable, and Well Casing  in Good 
Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Extraction Well 2 – Vault
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Pitless Adaptor Connection in Good Condition 
(yes/no)
Conduit, Junction Boxes, and Grounding Wire in Good 
Condition (yes/no)
Well Seal, Pump Removal Cable, and Well Casing in Good 
Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Injection Well 1 – Vault
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Well Seal and Well Casing in Good Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Injection Well 2 – Vault
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Well Seal and Well Casing  in Good Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Injection Well 3 – Vault
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Well Seal and Well Casing in Good Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Injection Well 4 – Conduit and Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Well Seal and Well Casing in Good Condition (yes/no)
Water Present in the Bottom of the Vault (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)

Vault and Manhole Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System

HastingsLogs_ebb.xls Page 1 of 2



Date:                                                         Time: Operator:
Item Description Comments

Vault and Manhole Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System

Infiltration Trench 1 – Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Water Present in the Bottom of the Manhole (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Clean-Out Covers Locked and Lock Functioning Properly 
(yes/no)
Infiltration Trench 2 – Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Water Present in the Bottom of the Manhole (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Clean-Out Covers Locked and Lock Functioning Properly 
(yes/no)
Infiltration Trench 3 – Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Water Present in the Bottom of the Manhole (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Clean-Out Covers Locked and Lock Functioning Properly 
(yes/no)
Infiltration Trench 4 – Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Water Present in the Bottom of the Manhole (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Clean-Out Covers Locked and Lock Functioning Properly 
(yes/no)
Infiltration Trench 5 – Manhole
Hatch Locked and Lock Functioning Properly (yes/no)
Hatch in Good Condition and Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Top Clean-Out Isolation Valve is Closed and Bottom Clean-
Out Isolation Valve is Open (yes/no)
Conduit and Junction Box in Good Condition (yes/no)
Water Present in the Bottom of the Manhole (yes/no)
Ladder in Good Condition, Signs of Corrosion (yes/no)
Clean-Out Covers Locked and Lock Functioning Properly 
(yes/no)
Notes:
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Date:                                          Time: Operator:
Item Description Comments
Extraction Well 1
Pump Functioning Properly (yes/no)
Pump Cycling or Running Continuous 
(cycling/continuous)
Pipe Heat Trace Functioning Properly (yes/no)
Pipe Insulation in Good Condition (yes/no)
Abovegrade Piping/Connections Leaking 
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Pump Throttled (yes/no)
Influent Pressure (psi)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Extraction Well 2
Pump Functioning Properly (yes/no)
Pump Cycling or Running Continuous 
(cycling/continuous)
Pipe Heat Trace Functioning Properly (yes/no)
Pipe Insulation in Good Condition (yes/no)
Abovegrade Piping/Connections Leaking 
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Pump Throttled (yes/no)
Influent Pressure (psi)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Notes:

Groundwater Remediation System

Extraction Well Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York
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Date:                                               Time:  Operator:
Item Description Comments
Weekly Data Download
Data Downloaded From PLC to Operators Computer (yes/no)
T-200 Equalization Tank
Tank/Bulkhead Fitting/Tank Connections Leaking (yes/no)
Any Accumulated Solids (yes/no)
If Applicable – Depth of Solids (inches)

Water Level in Tank Held Constant (yes/no)
If Applicable – Depth of Water (feet)
Low-Low Level Switch Hanging Free of Obstruction (yes/no)
High-High Level Switch Hanging Free of Obstruction (yes/no)
Level Transducer Hanging Free of Obstruction (yes/no)
Tank Access Lid Secure After Inspection (yes/no)
P-200 Transfer Pump
Pump Functioning Properly (yes/no)
Pump/Pump Connections Leaking (yes/no)
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Pump Throttled (yes/no)
T-200/P-200 Recirculation Piping Open or Closed (open/closed)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Venturi Injection System
Venturi Injector Bypass Open or Closed (open/closed)
Inlet Pressure (psi)
Venturi Injector/Connections Leaking (yes/no)
Flash Reactor/Connections Leaking (yes/no)
Outlet Pressure (psi)
Motorized Ball Valve

Valve and Pipe Connections Leaking (yes/no)
Valve Opening (P-200 Operating)/Closing (P-200 Not Operating) with 
Respect to P-200 Operation (yes/no)

Valve Control Setting (H/O/A)

Battery Backup Fully Charged (yes/no)
T-300 Decant Tank

Tank/Bulkhead Fitting/Tank Connections Leaking (yes/no)

Any Accumulated Solids (yes/no)

If Applicable – Depth of Solids (inches)

Water Level in Tank Held Constant (yes/no)

If Applicable – Depth of Water (feet)

Low-Low Level Switch Hanging Free of Obstruction (yes/no)

High-High Level Switch Hanging Free of Obstruction (yes/no)

Level Transducer Hanging Free of Obstruction (yes/no)

Dissolved Oxygen Probe Hanging Free of Obstruction (yes/no)

Dissolved Oxygen Reading (ppm)

Dissolved Oxygen Probe Calibration Current (yes/no)

Tank Access Lid Secure After Inspection (yes/no)

Equipment Enclosure Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System
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Date:                                               Time:  Operator:
Item Description Comments

Equipment Enclosure Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System

P-300 Injection Pump
Pump Functioning Properly (yes/no)
Pump/Pump Connections Leaking (yes/no)
Pump Cycling or Running Continuous (cycling/continuous)
Pump Run Time Meter Reading (hours)
Pump Control Setting (H/O/A)
Pump Throttled (yes/no)
Instantaneous Flow Rate (gpm)
Totalized Flow (gallons)
Discharge Manifold
Trench 1
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Trench 2
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Trench 3
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Trench 4
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Trench 5
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Injection Well 1
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Injection Well 2
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Injection Well 3
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)
Injection Well 4
Totalized Effluent Flow (gallons)
Discharge Pressure (psi)
Discharge Location Throttled (yes/no)

HastingsLogs_ebb_DPM.xls Page 2



Date:                                               Time:  Operator:
Item Description Comments

Equipment Enclosure Weekly Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System

Equipment Enclosure Infrastructure
Interior Lights Functioning Properly (yes/no)
Exterior Lights Functioning Properly (yes/no)
Heaters Functioning Properly (yes/no)
Building Temperature (°F)
Exhaust Fan Functioning Properly (yes/no)
Louvers Functioning Properly (yes/no)
Piping and Valves in Good Condition (yes/no)
Equipment Enclosure Sump Level Switch Hanging Free of Obstruction 
(yes/no)
Atmospheric Pressure Transmitter Reading (hPa)
Atmospheric Pressure Transmitter Calibration Current (yes/no)
Oxygen Sensor Reading
Hydrogen Sulfide Sensor Reading 
LEL Sensor Reading 
Volatile Organic Compound Sensor Reading
Exterior Mounted Communication Antenna in Good Condition (yes/no)
Exterior Mounted Surveillance Cameras in Good Condition (yes/no)
Exhaust Fan/Louvers Closed and Insulated During Cold Weather Periods 
(yes/no)
Thermostat Set to 75 Degrees During Cold Weather Periods (yes/no)
Overall Grounds of the Remediation System, Including Access 
Roads/Walkways Clear of Clutter, Debris and Snow (yes/no)
Any Accumulated Waste Stored On Site (yes/no)
Any Chemicals Stored On Site (yes/no)

Notes:
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Date:                                               Time:  Operator:

Item Description  Comments

General

Tubing and Valves in Good Condition (yes/no)

Oxygen Flow Meter Reading (scfh)

Any Leaks (yes/no)

Oxygen Supply Pressure (psi)

T-500 Air Compressor and T-600 Air Dryer

Compressor Operating Properly (yes/no)

Operation Control Setting (on/off)
Compressor Preventative Maintenance Performed this 
Visit (yes/no)

Filters Clean (yes/no)

Any Leaks (yes/no)

KCF in Good Condition (yes/no)

KCF Hosing/Connections in Good Condition (yes/no)

T-800 Oxygen Generator

Generator Operating Properly (yes/no)
Generator Preventative Maintenance Performed this 
Visit (yes/no)

Any Leaks (yes/no)

KCF in Good Condition (yes/no)

KCF Hosing/Connections in Good Condition (yes/no)

Operation Control Setting (H/O/A)

T-900 Oxygen Receiving Tank

Tank Pressure (psi)

Valves and Pipes in Good Condition (yes/no)

Any Leaks (yes/no)

SV-900 Solenoid Valve

Operation Control Setting (H/O/A)
Valve Opening (P-200 Operating)/Closing (P-200 Not 
Operating) with Respect to P-200 Operation (yes/no)

Any Leaks (yes/no)

Notes:

Oxygen Amendment System Weekly Log

Former Tappan Terminal Site

Hastings on Hudson, New York

Groundwater Remediation System



Date:                                               Time:  Operator:

Item Description  Comments

Piping and Surrounding Area
Influent/Effluent Pipes and Connections in Good 
Condition (yes/no)
Influent/Effluent Pipe Supports in Good Condition 
(yes/no), Signs of Corrosion (yes/no)
Influent/Effluent Pipe Heat Trace Functioning 
Properly (yes/no)
Influent/Effluent Pipe Insulation in Good Condition 
(yes/no)

Tank Anchor System in Good Condition (yes/no)

Area Clear of Clutter (yes/no)

T-400 Solids Settling Tank
Tank/Bulkhead Fitting/Tank Connections Leaking 
(yes/no)

Bottom Port Valve Closed (yes/no)

Bottom Port Valve Leaking (yes/no)

Notes:

Solids Settling Tank Weekly Log

Former Tappan Terminal Site

Hastings on Hudson, New York

Groundwater Remediation System



Weekly Alarm Log

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Alarm Log Date: Operator: 

TimeAlarm Description Comments
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Weekly Maintenance Log

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Maintenance Log Date: Operator: 

General Facility Maintenance

Extraction Wells

T-200 Equalization Tank

P-200 Transfer Pump

Venturi Injector/Flash Reactor

HastingsLogs_ebb.xls 1 of 2



Weekly Maintenance Log

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Oxygen Delivery System (T-500, T-600, T-800, T-900, SV-900)

T-400 Solids Settling Tank

T-300 Decant Tank

P-300 Injection Pump

Discharge Manifold (Injection Wells/Trenches)

Building

HastingsLogs_ebb.xls 2 of 2



Date:                                               Time:  Reviewer:
Item Description Set Point Comments
Extraction Well 1
LALL-100 Low-Low Level (feet)
LT-100 High Level (feet)
FAL-100 Low Flow (gpm)
Extraction Well 2
LALL-110 Low-Low Level (feet)
LT-110 High Level (feet)
FAL-110 Low Flow (gpm)
T-200 Equalization Tank
LALL-200 Low-Low Level (feet)
LAHH-200 High-High Level (feet)
P-200 Transfer Pump
PAH-200 High Pressure (psi)
FAL-201 Low Flow (gpm)
Oxygen Amendment
PAL-900 Low Pressure (psi)
T-400 Solids Settling Tank
LAHH-400 High-High Level (feet)
T-300 Decant Tank

LALL-300 Low-Low Level (feet)

LAHH-300 High-High Level (feet)

AAL-300 Low Dissolved Oxygen (ppm)
P-300 Injection Pump
PAH-300 High Pressure (psi)
FAL-700 Low Flow (gpm)
Trench 1
LAHH-700 High-High Level (feet)
Trench 2
LAHH-701 High-High Level (feet)
Trench 3
LAHH-702 High-High Level (feet)
Trench 4
LAHH-703 High-High Level (feet)
Trench 5
LAHH-704 High-High Level (feet)
Injection Well 1
LAHH-705 High-High Level (feet)
Injection Well 2
LAHH-706 High-High Level (feet)
Injection Well 3
LAHH-707 High-High Level (feet)
Injection Well 4
LAHH-708 High-High Level (feet)
Equipment Enclosure
TAL-800 Low Building Temperature (°F)
LAHH-800 High-High Level (feet)
AAH-800 High Oxygen Concentration 
Notes:

Weekly Set Point Confirmation Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System



Date:                                               Time:  Reviewer:

Item Description
Test Result 
(Good/Bad) Comments

Extraction Well 1
LALL-100 Low-Low Level
FAL-100 Low Flow
Extraction Well 2
LALL-110 Low-Low Level
FAL-110 Low Flow
T-200 Equalization Tank
LALL-200 Low-Low Level
LAHH-200 High-High Level
P-200 Transfer Pump
PAH-200 High Pressure
FAL-201 Low Flow
YA-P-200 Auxiliary Contact Failure/VFD Fault
Oxygen Amendment
PAL-900 Low Pressure
XCV-200 Motorized Valve
ZA-200 Discord Alarm
T-400 Solids Settling Tank
LAHH-400 High-High Level
T-300 Decant Tank

LALL-300 Low-Low Level

LAHH-300 High-High Level

AAL-300 Low Dissolved Oxygen
P-300 Injection Pump
PAH-300 High Pressure
FAL-700 Low Flow
YA-P-300 Auxiliary Contact Failure/VFD Fault
Trench 1
LAHH-700 High-High Level
Trench 2
LAHH-701 High-High Level
Trench 3
LAHH-702 High-High Level
Trench 4
LAHH-703 High-High Level
Trench 5
LAHH-704 High-High Level
Injection Well 1
LAHH-705 High-High Level
Injection Well 2
LAHH-706 High-High Level
Injection Well 3
LAHH-707 High-High Level
Injection Well 4
LAHH-708 High-High Level
Equipment Enclosure
TAL-800 Low Building Temperature
LAHH-800 High-High Level
AAH-800 High Oxygen Concentration 
Notes:

Annual Alarm Testing Log

Former Tappan Terminal Site
Hastings on Hudson, New York

Groundwater Remediation System



Equipment Replacement Tracking Log

Groundwater Remediation System
Former Tappan Terminal Site

Hastings on Hudson, New York

Equipment Reason for Replacement Date Lead Time Manufacturer Vendor
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Material Safety Data Sheet
Hydrogen Peroxide - 3% MSDS

Section 1: Chemical Product and Company Identification

Product Name: Hydrogen Peroxide - 3%

Catalog Codes: SLH2497, SLH1180

CAS#: Mixture.

RTECS: Not applicable.

TSCA: TSCA 8(b) inventory: Water; Hydrogen Peroxide

CI#: Not applicable.

Synonym:   Hydrogen Peroxide 3% Solution; Hydrogen
Peroxide Topical Solution

Chemical Name: Not applicable.

Chemical Formula: Not applicable.

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Water 7732-18-5 97

Hydrogen Peroxide 7722-84-1 3

Toxicological Data on Ingredients: Hydrogen Peroxide: ORAL (LD50): Acute: 2000 mg/kg [Mouse]. DERMAL (LD50): Acute:
4060 mg/kg [Rat]. 2000 mg/kg [ pig]. VAPOR (LC50): Acute: 2000 mg/m 4 hours [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:
Hazardous in case of eye contact (irritant). Slightly hazardous in case of skin contact (irritant, permeator), of ingestion, of
inhalation (lung sensitizer). Non-corrosive for skin. Non-corrosive to the eyes. Non-corrosive for lungs. Prolonged exposure
may result in skin burns and ulcerations. Over-exposure by inhalation may cause respiratory irritation.

Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Classified A3 (Proven for animal.) by ACGIH [Hydrogen Peroxide]. MUTAGENIC EFFECTS:
Mutagenic for mammalian somatic cells. [Hydrogen Peroxide]. Mutagenic for bacteria and/or yeast. [Hydrogen Peroxide].
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to
blood, upper respiratory tract, skin, eyes, central nervous system (CNS). Repeated or prolonged exposure to the substance
can produce target organs damage.

http://www.sciencelab.com/


p. 2

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention.

Skin Contact:
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminated
clothing and shoes. Cold water may be used.Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical
attention.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention if symptoms appear.

Serious Inhalation: Not available.

Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Not applicable.

Explosion Hazards in Presence of Various Substances:
Non-explosive in presence of open flames and sparks, of shocks, of heat, of reducing materials, of combustible materials, of
organic materials, of metals, of acids, of alkalis.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:
Most cellulose (wood, cotton) materials contain enough catalyst to cause spontaneous ignition with 90% Hydrogen Peroxide.
Hydrogen Peroxide is a strong oxider. It is not flammable itself, but it can cause spontaneous combustion of flammable
materials and continued support of the combustion because it liberates oxygen as it decomposes. Hydrogen peroxide mixed
with magnesium and a trace of magnesium dioxide will ignite immediately.

Special Remarks on Explosion Hazards:
Soluble fuels (acetone, ethanol, glycerol) will detonate on a mixture with peroxide over 30% concentration, the violence
increasing with concentration. Explosive with acetic acid, acetic anhydride, acetone, alcohols, carboxylic acids, nitrogen
containing bases, As2S3, Cl2 + KOH, FeS, FeSO4 + 2 methylpryidine + H2SO4, nitric acid, potassium permanganate,
P2O5, H2Se, Alcohols + H2SO4, Alcohols + tin chloride, Antimoy trisulfide, chlorosulfonic acid, Aromatic hydrocarbons
+ trifluoroacetic acid, Azeliac acid + sulfuric acid (above 45 C), Benzenesulfonic anhydride, tert-butanol + sulfuric acid,
Hydrazine, Sulfuric acid, Sodium iodate, Tetrahydrothiophene, Thiodiglycol, Mercurous oxide, mercuric oxide, Lead dioxide,
Lead oxide, Manganese dioxide, Lead sulfide, Gallium + HCl, Ketenes + nitric acid, Iron (II) sulfate + 2-methylpyridine +
sulfuric acid, Iron (II) sulfate + nitric acid, + sodium carboxymethylcellulose (when

Section 6: Accidental Release Measures
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Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.
Finish cleaning by spreading water on the contaminated surface and dispose of according to local and regional authority
requirements.

Large Spill:
Absorb with an inert material and put the spilled material in an appropriate waste disposal. Finish cleaning by spreading water
on the contaminated surface and allow to evacuate through the sanitary system. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:
Keep locked up.. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Wear suitable protective clothing. In case of
insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the
container or the label. Avoid contact with skin and eyes.

Storage:
Keep container tightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
and combustibles. See NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers. Do not store above 30°C (86°F).
Sensitive to light. Store in light-resistant containers.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value.

Personal Protection:
Splash goggles. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.

Odor: Not available.

Taste: Bitter.

Molecular Weight: Not applicable.

Color: Colorless. Clear

pH (1% soln/water): Neutral.

Boiling Point: The lowest known value is 100°C (212°F) (Water). Weighted average: 101.56°C (214.8°F)

Melting Point: May start to solidify at -0.43°C (31.2°F) based on data for: Hydrogen Peroxide.

Critical Temperature: Not available.

Specific Gravity: Weighted average: 1.01 (Water = 1)
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Vapor Pressure: The highest known value is 2.3 kPa (@ 20°C) (Water). Weighted average: 2.24 kPa (@ 20°C)

Vapor Density: The highest known value is 1.2 (Air = 1) (Hydrogen Peroxide). Weighted average: 0.64 (Air = 1)

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water, diethyl ether.

Solubility: Soluble in cold water, diethyl ether.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Light, excess heat, combustible materials, incompatible materials (Hydrogen Peroxide)

Incompatibility with various substances: Slightly reactive to reactive with reducing agents, combustible materials, organic
materials, metals, acids, alkalis.

Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity:
Light Sensitive. Incompatible with reducing materials, ethers (dioxane, furfuran), oxidizing materials, Metals(eg. potassium,
sodium lithium, iron, copper, brass, bronze, chromium, zinc, lead, silver), metal oxides (eg. cobalt oxide, iron oxide, lead
oxide, lead hydroxide, manganese oxide), metal salts (eg. calcium permanganate), manganese, asbestos, vanadium,
platinium, tungsten, molybdeum, triethylamine, palladium, sodium pyrophosphate, carboxylic acids, cyclopentadiene,
formic acid, rust, ketones, cyanides, sodium carbonate alcohols, sodium borate, aniline, mercurous chloride, rust sodium
pyrophosphate, hexavalent chromium compounds, tetrahydrofuran, sodium fluoride organic matter, potassium permanganate,
urea, chlorosulfonic acid, manganese dioxide, hydrogen selenide, charcoal, coal, sodium borate, alkalies, cyclopentadiene,
glycerine. Caused to decompose catalytically by metals (in order of decreasing effectiveness): Osmium, Palladium, Platinum,
Iridium, Gold, Silver, Manganese, Cobalt, Copper, Lead  (Hydrogen Peroxide) A solution of 3% Hydrogen peroxide is also
incompatible with: Albumin, Alkali citrates, Balsam Peru, Phenol, Tinctures, and Lime water

Special Remarks on Corrosivity: Not available.

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Eye contact.

Toxicity to Animals:
Acute oral toxicity (LD50): 66667 mg/kg (Mouse) (Calculated value for the mixture). Acute dermal toxicity (LD50): 66667 mg/kg
( pig) (Calculated value for the mixture).

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified A3 (Proven for animal.) by ACGIH [Hydrogen Peroxide]. Classified 3 (Not classifiable
for human.) by IARC [Hydrogen Peroxide]. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. [Hydrogen
Peroxide]. Mutagenic for bacteria and/or yeast. [Hydrogen Peroxide]. Contains material which may cause damage to the
following organs: blood, upper respiratory tract, skin, eyes, central nervous system (CNS).

Other Toxic Effects on Humans:
Slightly hazardous in case of skin contact (irritant, permeator), of ingestion, of inhalation (lung sensitizer). Non-corrosive for
skin. Non-corrosive to the eyes. Non-corrosive for lungs.

Special Remarks on Toxicity to Animals: Not available.
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Special Remarks on Chronic Effects on Humans:
May may affect genetic material. May cause cancer (be tumorigenic) based on animal data. IARC states that there is either no
adequate human data or inadequate evidence for carcinogenicity in humans. (Hydrogen Peroxide)

Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: May cause skin irritation. May cause reddening of the skin and temporary discoloration/
whitening of the skin. Absorption into skin may affect behavior, brain, respiration (pulmonary edema) Eyes: Causes eye
irritation. Symptoms may include burning sensation, redness, inflammaton, pain and possible corneal edema, and corneal
cloudiness. Vapors may cause eye irritation. Inhalation: Not expected to be a health hazard under normal conditions. May
cause respiratory tract and mucous membrane irritation with coughing, laryngitis, bronchitis, pulmonary edema. May affect
respiration (dyspnea). May also cause headache, nausea, and vomiting. Ingestion: Ingestion of large doses may cause
digestive tract/gastrointestinal tract irritation (irritation or possible blistering of the tongue, buccal muosa/mouth, throat, and
stomach) with nausea, vomiting, hypermotility, and diarrhea. May cause difficulty in swallowing, stomach distension. May
affect blood (change in leukocyte count, pigmented or nucleated red blood cells). May affect behavior/central nervous system.
May affect cardiovascular system and cause vascular collapse and damage. Chronic Potential Health Effects: Prolonged or
repeated skin contact may cause dermatitis. Prolonged or repeated ingestion may affect metabolism (weight loss). Prolonged
or repeated inhalation may affect respiration, blood. Continue use of hydrogen peroxide solution as a mouth wash, even
at half-strength, may cause hypertrophied filiform papillae of the tongue ("hairy tongue"). But these disappear after it is
discontinued

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Not a DOT controlled material (United States).

Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information

Federal and State Regulations:
New York acutely hazardous substances: Hydrogen Peroxide Rhode Island RTK hazardous substances: Hydrogen Peroxide
Pennsylvania RTK: Hydrogen Peroxide Florida: Hydrogen Peroxide Minnesota: Hydrogen Peroxide Massachusetts RTK:
Hydrogen Peroxide New Jersey: Hydrogen Peroxide TSCA 8(b) inventory: Hydrogen Peroxide

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).

Other Classifications:
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WHMIS (Canada): CLASS C: Oxidizing material.

DSCL (EEC):
This product is not classified according to the EU regulations. Not applicable.

HMIS (U.S.A.):

Health Hazard: 2

Fire Hazard: 0

Reactivity: 0

Personal Protection: h

National Fire Protection Association (U.S.A.):

Health: 1

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Splash goggles.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/09/2005 05:46 PM

Last Updated: 06/09/2012 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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Intermountain Specialty Gases 
520 North Kings Rd, Nampa, Idaho 83687 

Phone: 800-552-5003   Fax: 208-466-9143 

 

 

Material Safety Data Sheet 
 

Issue Date: Jan. 2006                                                                  Chemtrec 1-800-424-9300 

Reviewed: February 2011 
 

 

 

1.  CHEMICAL PRODUCT 

 

PRODUCT NAME: Air, Compressed                   SYNONYMS:  Oxygen/Nitrogen 

                           

2.  COMPOSITION, INFORMATION ON INGREDIENTS 

 

Ingredient Name            Formula                CAS#        Concentration                      TLV 

(Air – Synthetic) 

Oxygen                           O2                     7782-44-7         19.5.% - 23.0%                 N/A 

Nitrogen                          N2                    7727-37-9          Balance                            S/A 

 

3.  HAZARD IDENTIFICATION 

 

POTENTIAL HEALTH EFFECTS:  None Known 

 

ROUTES OF ENTRY:  Inhalation 

 

ACUTE EFFECTS:  None Known 

 

CHRONIC EFFECTS:  None Known 

 

MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE:  None Known 

 

OTHER EFFECTS OF OVEREXPOSURE:  Contact with rapidly expanding gas near the point of release 

may cause frostbite. 

 

OSHA Regulatory Status: This material is classified as hazardous under OSHA regulations. 

 

Carcinogenicity  (US Only): 

       NTP – No   

       IARC MONOGRAPHS - No                                                                                                                                                                                     

      OSHA REGULATED – No 

       

NFPA Hazard Codes:                                HMIS Hazard Codes:                               Rating System 

Health:                  0                                      Health:                    0                                   0 = No Hazard 

Flammability:       0                                      Flammability:         0                                   1 = Slight Hazard 

Instability:            0                                       Physical Hazard:    3                                   2 = Moderate Hazard 

                                                                                                                                           3 = Serious Hazard 

                                                                                                                                           4 = Severe Hazard 
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4.  FIRST AID MEASURES 
 

Inhalation:  Immediately remove victim to fresh air.  If breathing has stopped, give       artificial respiration.  

If breathing is difficult, give oxygen. 

 

Eye Contact:  Immediately flush with copious amounts of water for at least 15 minutes. 

 

Skin contact:  Immediately flush with copious amount of water for at least 15 minutes. 

 

Ingestion: None\ 

 

5.  FIRE FIGHTING MEASURES 

 

Flash Point:  N/Ap Gas 

 

Autoignition Temperature: N/Ap 

 

Flammable Limits: Nonflammable Gas 

     Lower:  

     Upper:  

 

Extinguishing Media:   Use what is appropriate for surrounding fire. 

 

Special Fire fighting Instruction and Equipment: Wear self-contained breathing apparatus and full 

protective clothing.  Keep fire from exposed cylinders and  cool with water spray, If possible, stop the 

product flow. 

 

Hazardous Combustion Products: None 

 

Unusual Fire and Explosion Hazards:  Cylinder rupture may occur under fire conditions. 

 

6.  ACCIDENTAL RELEASE MEASURES 

 

Clean Up Procedures:  Evacuate and ventilate area.  Remove leaking cylinder to exhaust hood or safe 

outdoor area. Shut off cylinder if possible. 

 

Specialized Equipment: None 

 

7.  HANDLING AND STORAGE 

 

Precautions To Be Taken In Handling: Secure cylinder when using to protect from falling. 

Precautions To Be Taken In Storage: Protect cylinders from physical damage. Store in cool, dry, well 

ventilated area. Do not allow the temperature where cylinders are stored to exceed 125 degrees F. 

                                                                              

8.  EXPOSURE CONTROLS/PERSONAL PROTECTION 

 

Engineering Controls: Provide adequate general and local exhaust ventilation to maintain concentrations 

below exposure limits and to avoid asphyxiation. 

 

Eye/Face Protection: Safety goggles or glasses as appropriate for the job. 

 

Skin Protection: Protective gloves of material appropriate for the job. 

 

Respiratory Protection: In case of leakage, use of self-contained breathing apparatus should be available for 

emergency use. 
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Other Protective Equipment: Safety Shoes 

 

9.  PHYSICAL AND CHEMICAL PROPERTIES  

 

Appearance: Colorless 

Odor: Odorless 

Physical State: Gas 

Vapor Pressure: N/Ap 

Vapor Density (Air = 1): 1.00 

Boiling Point ( C ): N/Ap 

Solubility In Water: Slightly 

Specific Gravity (H2O-1): Gas 

Evaporation Rate: Gas 

Odor Threshold: N/A 

 

10.  STABILITY AND REACTIVITY 

 

Stability: Stable under normal storage conditions. 

Conditions To Avoid: Storage in poorly ventilated areas. Storage near a heat source. 

Hazardous Polymerization: Will not occur. 

Hazardous Decomposition: none 

 

11.  TOXICOLOGICAL INFORMATION 

 

Lethal Concentration: N/Ap 

Established lethal Dose: N/Ap 

Teratogenicity: N/Ap 

Reproductive Effects: N/Ap 

Mutagenicity: N/Ap 

 

12.  ECOLOGICAL INFORMATION 

 

Product does not contain Class I or Class II ozone depleting substances.  Not toxic.  Not expected to be 

toxic to fish and wildlife.  Will not bioconcentrate. 

 

13.  DISPOSAL CONSIDERATIONS 

 

Waste Disposal Method: Dispose of non-refillable cylinders in accordance with federal, state and local 

regulations.  Allow gas to vent slowly to atmosphere in an unconfined area or exhaust hood, or return to 

Intermountain Specialty Gases. 

 

14.  TRANSPORT INFORMATION 

 

Proper Shipping Name: Air, Compressed 

Hazard Class: 2.2 

Identification Number: UN 1002 

Shipping Label: Nonflammable Gas 

 

15.  REGULATORY INFORMATION 

 

SARA Title III Notifications and Information:  

 

This product does not contain toxic chemicals subject to reporting requirements of section 313 of the 

Emergency planning and Community Right-To-Know Act (EPCRA) of 1986 and of 40 CFR 372. 

 

SARA Title III – Hazard classes: 
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Sudden Release of Pressure Hazard  

 

California Proposition 65: 

This product does not contain ingredients (s) Known to the State of California to cause cancer or 

reproductive toxicity. 

 

15a.  AGENCIES AND TERMS WHICH MAY BE PERTINENT TO THIS PRODUCT 

 

SARA     Superfund Amendments and Reauthorization Act 

OSHA    Occupational Safety and Health Administration 

DOT    Department of Transportation 

TSCA    Toxic Substance Control Act 

NTP    National Toxicology Program 

ACGIH    American Conference of Governmental Industrial Hygienists 

PEL    Permissible Exposure Limit 

STEL    Short Term Exposure Limit 

TLV    Threshold Limit Value 

TDG    Transportation of Dangerous Goods 

 

16.  OTHER INFORMATION 

 

Other Precautions: Protect containers from physical damage.  Do not deface cylinders or labels. 

 

Abbreviations: 

N/Ap – Not Applicable 

N/Av – Not Available 

SA – Simple Asphyxiant 

                                                                                                                                 

DISCLAIMER OF EXPRESSED AND IMPLIED WARRANTIES: 

Although reasonable care has been taken in the preparation of this document, we extend no warranties and 

make no representations as to the accuracy or completeness of the information contained herein, and 

assume no responsibility regarding the suitability of this information for the user’s  intended  purposes or 

for the consequences of its use.  Each individual should make a determination as to the suitability of the 

information for their particular purpose (s).  
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Intermountain Specialty Gases 
520 North Kings Rd, Nampa, Idaho 83687 

Phone: 800-552-5003   Fax: 208-466-9143 

 

 

Material Safety Data Sheet 
 

Issue Date: Jan. 2006                                                                  Chemtrec 1-800-424-9300 

Reviewed: March 2012 
 

 

1.  CHEMICAL PRODUCT 

PRODUCT NAME: Isobutylene/Air                     SYNONYMS:  Isobutylene/Air 

                           

2.  COMPOSITION, INFORMATION ON INGREDIENTS 

 

Ingredient Name            Formula                CAS#        Concentration                      TLV 

 

Isobutylene                     C4H8                115-11-7           5 ppm -0.9%                    S/A 

Oxygen                           O2                     7782-44-7         12.0% - 21.0%                 N/A 

Nitrogen                          N2                    7727-37-9          Balance                            S/A 

 

3.  HAZARD IDENTIFICATION 

 

POTENTIAL HEALTH EFFECTS:  None Known 

 

ROUTES OF ENTRY:  Inhalation 

 

ACUTE EFFECTS:  None Known 

 

CHRONIC EFFECTS:  None Known 

 

MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE:  None Known 

 

OTHER EFFECTS OF OVEREXPOSURE:  Contact with rapidly expanding gas near the point of release 

may cause frostbite. 

 

OSHA Regulatory Status: This material is classified as hazardous under OSHA regulations. 

 

Carcinogenicity  (US Only): 

       NTP – No   

       IARC MONOGRAPHS - No                                                                                                                                                                                     

      OSHA REGULATED – No 

       

NFPA Hazard Codes:                                HMIS Hazard Codes:                               Rating System 

Health:                  0                                      Health:                    0                                   0 = No Hazard 

Flammability:       0                                      Flammability:         0                                   1 = Slight Hazard 

Instability:            0                                       Physical Hazard:    3                                   2 = Moderate Hazard 

                                                                                                                                           3 = Serious Hazard 

                                                                                                                                           4 = Severe Hazard 
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4.  FIRST AID MEASURES 
 

Inhalation:  Immediately remove victim to fresh air.  If breathing has stopped, give artificial respiration.  If 

breathing is difficult, give oxygen. 

 

Eye Contact:  Immediately flush with copious amounts of water for at least 15 minutes. 

 

Skin contact:  Immediately flush with copious amount of water for at least 15 minutes. 

 

Ingestion: None\ 

 

5.  FIRE FIGHTING MEASURES 

 

Flash Point:  N/Ap Gas 

 

Autoignition Temperature: N/Ap 

 

Flammable Limits: Nonflammable Gas 

     Lower:  

     Upper:  

 

Extinguishing Media:   Use what is appropriate for surrounding fire. 

 

Special Fire fighting Instruction and Equipment: Wear self-contained breathing apparatus and full 

protective clothing.  Keep fire from exposed cylinders and cool with water spray, If possible, stop the 

product flow. 

 

Hazardous Combustion Products: None 

 

Unusual Fire and Explosion Hazards:  Cylinder rupture may occur under fire conditions. 

 

6.  ACCIDENTAL RELEASE MEASURES 

 

Clean Up Procedures:  Evacuate and ventilate area.  Remove leaking cylinder to exhaust hood or safe 

outdoor area. Shut off cylinder if possible. 

Specialized Equipment: None 

 

7.  HANDLING AND STORAGE 

 

Precautions  To  Be Taken In Handling: Secure cylinder when using to protect from falling. 

Precautions To  Be Taken In Storage: Protect cylinders from physical damage. Store in cool, dry, well 

ventilated  area. Do not allow the temperature where cylinders are stored to exceed 125 degrees F. 

                                                                                                                             

8.  EXPOSURE CONTROLS/PERSONAL PROTECTION 

 

Engineering Controls: Provide adequate general and local exhaust ventilation to maintain concentrations 

below exposure limits and to avoid asphyxiation. 

 

Eye/Face Protection: Safety goggles or glasses as appropriate for the job. 

 

Skin Protection: Protective gloves of material appropriate for the job. 

 

Respiratory Protection: In case of leakage, use of self-contained breathing apparatus should be available for 

emergency use. 

 

Other Protective Equipment: Safety Shoes 
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9.  PHYSICAL AND CHEMICAL PROPERTIES 

 

Appearance: Colorless 

Odor: Mild Sweetish Odor 

Physical State: Gas 

Vapor Pressure: N/Ap 

Vapor Density (Air = 1): 1.0 - 1.001 

Boiling Point ( C ): N/Ap 

Solubility In Water: Slightly 

Specific Gravity (H2O-1): Gas 

Evaporation Rate: Gas 

Odor Threshold: N/A 

 

10.  STABILITY AND REACTIVITY 

 

Stability: Stable under normal storage conditions. 

Conditions To Avoid: Storage in poorly ventilated areas. Storage near a heat source. 

Hazardous Polymerization: Will not occur. 

Hazardous Decomposition: none 

 

11.  TOXICOLOGICAL INFORMATION 

 

Lethal Concentration: N/Ap 

Established lethal Dose: N/Ap 

Teratogenicity: N/Ap 

Reproductive Effects: N/Ap 

Mutagenicity: N/Ap 

 

12.  ECOLOGICAL INFORMATION 

 

Product does not contain Class I or Class II ozone depleting substances.  Not toxic.  Not expected to be 

toxic to fish and wildlife.  Will not bioconcentrate. 

 

13.  DISPOSAL CONSIDERATIONS 

 

Waste Disposal Method: Dispose of non-refillable cylinders in accordance with federal, state and local 

regulations.  Allow gas to vent slowly to atmosphere in an unconfined area or exhaust hood, or return to 

Intermountain Specialty Gases. 

 

14.  TRANSPORT INFORMATION 

 

Proper Shipping Name: Compressed Gas N.O.S. (Isobutylene, Nitrogen) or  

(Isobutylene, Air) 

Hazard Class: 2.2 

Identification Number: UN 1956 

Shipping Label: Nonflammable Gas 

 

15.  REGULATORY INFORMATION 

 

SARA Title III Notifications and Information: Isobutylene is Listed under the accident prevention 

provisions of section 112 ® of the Clean Air Act (CAA) with a threshold quantity (TQ) of 10,000 pounds. 

 

This product does not contain toxic chemicals subject to reporting requirements of section 313 of the 

Emergency planning and Community Right-To-Know Act (EPCRA) of 1986 and of 40 CFR 372. 

SARA Title III – Hazard classes: 

Sudden Release of Pressure Hazard  
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California Proposition 65: 

This product does not contain ingredients (s) Known to the State of California to cause cancer or 

reproductive toxicity. 

 

15a.  AGENCIES AND TERMS WHICH MAY BE PERTINENT TO THIS PRODUCT 

SARA     Superfund Amendments and Reauthorization Act 

OSHA    Occupational Safety and Health Administration 

DOT    Department of Transportation 

TSCA    Toxic Substance Control Act 

NTP    National Toxicology Program 

ACGIH    American Conference of Governmental Industrial Hygienists 

PEL    Permissible Exposure Limit 

STEL    Short Term Exposure Limit 

TLV    Threshold Limit Value 

TDG    Transportation of Dangerous Goods 

 

16.  OTHER INFORMATION 

 

Other Precautions: Protect containers from physical damage.  Do not deface cylinders or labels. 

Abbreviations: 

N/Ap – Not Applicable 

N/Av – Not Available 

SA – Simple Asphyxiant 

 

DISCLAIMER OF EXPRESSED AND IMPLIED WARRANTIES: 

Although reasonable care has been taken in the preparation of this document, we extend no warranties and 

make no representations as to the accuracy or completeness of the information contained herein, and 

assume no responsibility regarding the suitability of this information for the user’s intended purposes or for 

the consequences of its use.  Each individual should make a determination as to the suitability of the 

information for their particular purpose (s).  
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___________________________________________________________________________ 
 
PRODUCT NAME:   HYDROGEN SULFIDE (10 PPM – 1000 PPM) IN AIR 
                    
 
MSDS NO: 105                    Version:3               Date: March, 2012 
___________________________________________________________________________ 
 
1. Chemical Product and Company Identification 
 

 Gasco Affiliates, LLC 
 320 Scarlett Blvd. 
 Oldsmar, FL 34677 
 
 TELEPHONE NUMBER: (800) 910-0051 24-HOUR EMERGENCY NUMBER:    1-800-424-9300 
 FAX NUMBER: (866) 755-8920 
 E-MAIL: info@gascogas.com 
 
 PRODUCT NAME: HYDROGEN SULFIDE (10 PPM – 1000 PPM) IN AIR 
 CHEMICAL NAME: Hydrogen Sulfide in air 
 COMMON NAMES/ SYNONYMS: None 
 TDG (Canada) CLASSIFICATION: 2.2 
 WHIMIS CLASSIFICATION: A 
 

___________________________________________________________________________ 
 
2. COMPOSITION/ INFORMATION ON INGREDIENTS 
 

  INGREDIENT  %VOLUME PEL-OSHA TLV-ACGIH LD50 or LC50 
          Route/Species 
Hydrogen Sulfide   0.001-0.025      10 ppm TWA      10 ppm TLV LC50 
FORMULA: H2S            15 ppm STEL 444 ppm/1H 
          (Rat) 
            
Air    99.0 to  N/A           N/A  N/A  
FORMULA: Mixture   99.9999 
 

_______CAS # 7783-06-4           _____________________________________________________ 
 
3. HAZARDS IDENTIFICATION 
 

EMERGENCY OVERVIEW 
This product is a colorless gas, which has a rotten-egg odor.  The odor cannot be relied on as an adequate warning to the presence 
of this product, because olfactory fatigue occurs after over-exposure to Hydrogen Sulfide.  Over-exposure to this gas can cause 
skin or eye irritation, nausea, dizziness, headaches, collapse, unconsciousness, coma, and death.  Additionally, releases of this 
product may produce oxygen-deficient atmospheres and may cause asphyxiation.  
 

ROUTE OF ENTRY: 
 

 Skin Contact Skin Absorption Eye Contact Inhalation   Ingestion 
      Yes          No       Yes       Yes        No 
 
HEALTH EFFECTS: 
 
 Exposure Limits Irritant  Sensitization Reproductive Hazard Mutagen 
      Yes     Yes      No       Yes       Yes 
 
Carcinogenicity: --NTP: No IARC: No     OSHA: No 
 
EYE EFFECTS: 
Contact may cause eye irritation with associated redness, swelling, and tears. 
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PRODUCT NAME:   HYDROGEN SULFIDE (10 PPM – 1000 PPM) IN AIR 
 
 
SKIN EFFECTS: 
Contact may cause skin irritation. 
 
INGESTION EFFECTS: 
Ingestion unlikely.  Gas at room temperature. 
 
INHALATION EFFECTS: 
Over-exposure to Hydrogen Sulfide can cause dizziness, headache, and nausea.  Over-exposure to this gas could result in 
respiratory arrest, coma, or unconsciousness.  Continuous inhalation of low concentrations of Hydrogen Sulfide may cause 
olfactory fatigue, so that the odor is no longer an effective warning to the presence of this gas. 
 
At 0.3 ppm to 30 ppm the odor is unpleasant.  At 50 ppm eye irritation occurs and dryness of the nose and throat.  At 100- 150 ppm 
a temporary loss of smell occurs.  Exposures of 200- 250 ppm for more than 4 hours can cause death. 
 
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:  
Individuals with impaired pulmonary function may be at increased risk form exposure. 
 
NFPA HAZARD CODES  HMIS HAZARD CODES  RATING SYSTEM 
 
Health:  3  Health:  3  0= No Hazard 
Flammability: 0  Flammability:  0  1= Slight Hazard 
Reactivity: 0  Reactivity: 0  2= Moderate Hazard 
        3= Serious Hazard 
        4= Severe Hazard 

___________________________________________________________________________ 
 
4. FIRST AID MEASURES 
 
EYES: 
PERSONS WITH POTENTIAL EXPOSURE SHOULD NOT WEAR CONTACT LENSES.  Flush contaminated eyes with copious 
quantities of water.  Part eyelids to assure complete flushing.  Continue for a minimum of 15 minutes.  Seek immediate medical 
attention. 
 
SKIN: 
Remove contaminated clothing as rapidly as possible.  Flush affected area with copious quantities of water.  Seek immediate 
medical attention. 
 
INGESTION: 
Not required 
 
INHALATION: 
PROMPT MEDICAL ATTENTION IS MANDATORY IN ALL CASED OF OVEREXPOSURE.  RESCUE PERSONNEL SHOULD BE 
EQUIPPED THE SELF-CONTAINED BREATHING APPARATUS.  Victims should be assisted to an uncontaminated area and 
inhale fresh air. Quick removal from the contaminated area is most important.  If breathing has stopped administer artificial 
resuscitation and supplemental oxygen.  Further treatment should be symptomatic and supportive. 

___________________________________________________________________________ 
 
5. FIRE-FIGHTING MEASURES 
 

These containers hold gas under pressure, with no liquid phase.  If involved in a major fire, they should be sprayed with water to  
avoid pressure increases, otherwise pressures will rise and ultimately they may distort or burst to release the contents.  The gases 
will not add significantly to the fire, but containers or fragments may be projected considerable distances - thereby hampering fire 
fighting efforts.  

___________________________________________________________________________ 
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PRODUCT NAME:   HYDROGEN SULFIDE (10 PPM – 1000 PPM) IN AIR 
 
6. ACCIDENTAL RELEASE MEASURES 
 

In terms of weight, these containers hold very little contents, such that any accidental release by puncturing etc. will be of no 
practical concern. 

___________________________________________________________________________ 
 
7. HANDLING AND STORAGE 
 

Suck back of water into the container must be prevented.  Do not allow backfeed into the container.  Use only properly specified  
equipment which is suitable for this product, its supply pressure and temperature.  Use only in well-ventilated areas.  Do not heat 
cylinder by any means to increase rate of product from the cylinder.  Do not allow the temperature where cylinders are stored to 
exceed 130oF (54oC). 
 

___________________________________________________________________________ 
 
8. EXPOSURE CONTROLS/PERSONAL PROTECTION 
 

Use adequate ventilation for extended use of gas. 
 

___________________________________________________________________________ 
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
 

PARAMETER:    VALUE:     
Physical state    : Gas 
Evaporation point    : N/A 
pH     : N/A 
Odor and appearance   : Colorless gas with a rotten egg odor 
 

___________________________________________________________________________ 
 
10. STABILITY AND REACTIVITY 
 

Stable under normal conditions.  Expected shelf life 15 months. 

___________________________________________________________________________ 
 
11. TOXICOLOGICAL INFORMATION 
 

This gas mixture contains components that may cause embryotoxic effects in humans; however due to the small amount of gas in 
this cylinder, embryotoxic effects are not expected to occur.   

___________________________________________________________________________ 
 
12. ECOLOGICAL INFORMATION 
 

No ecological damage caused by this product. 

___________________________________________________________________________ 
 
13. DISPOSAL INFORMATION 
 

Do not discharge into any place where its accumulation could be dangerous.  Used containers are acceptable for disposal in the 
normal waste stream as long as the cylinder is empty and valve removed or cylinder wall is punctured; but GASCO encourages the 
consumer to return cylinders. 

___________________________________________________________________________ 
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PRODUCT NAME:   HYDROGEN SULFIDE (10 PPM – 1000 PPM) IN AIR 
 
14. TRANSPORT INFORMATION 
 
    United States DOT   Canada TDG 
PROPER SHIPPING NAME:  Compressed Gas N.O.S.  Compressed Gas N.O.S. 
    (Hydrogen Sulfide in Air)  (Hydrogen Sulfide in Air) 
HAZARD CLASS:   2.2    2.2 
IDENTIFICATION NUMBER:  UN1956    UN1956 
SHIPPING LABEL:    NONFLAMMABLE GAS  NONFLAMMABLE GAS 

___________________________________________________________________________ 
 
15. REGULATORY INFORMATION 
 
Toxic Substances Control Act (TSCA)/ Designated Substances List (DSL): 
All Ingredients are listed on the TSCA Inventory, as well as the Canadian Designated Substances List. 
 
Hydrogen Sulfide is listed under the accident prevention provisions of section 112(r) of the Clean Air Act (CAA) with a threshold 
quantity (TQ) of 10,000 pounds. 

___________________________________________________________________________ 
 
16. OTHER INFORMATION 
 

This  MSDS has been prepared in accordance with the Chemicals (Hazard Information and Packaging for Supply (Amendment) 
Regulation 1996.  The information is based on the best knowledge of GASCO, and its advisors and is given in good faith, but we 
cannot guarantee its accuracy, reliability or completeness and therefore disclaim any liability for loss or damage arising out of use 
of this data.  Since conditions of use are outside the control of the Company and its advisors we disclaim any liability for loss or 
damage when the product is used for other purposes than it is intended. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MSDS/S010/105/ March, 2012 
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MATERIAL SAFETY DATA SHEET - CALIBRATION CHECK GAS 
___________________________________________________________________________ 
 
PRODUCT NAME:   METHANE (0.0001% TO 3.5%) IN AIR 
 
MSDS NO: 135                    Version:3               Date: August, 2010 
___________________________________________________________________________ 
 
1. Chemical Product and Company Identification 
 

 Gasco Affiliates, LLC 
 320 Scarlett Blvd. 
 Oldsmar, FL 34677 
 
 TELEPHONE NUMBER: (800) 910-0051  24-HOUR EMERGENCY NUMBER:    1-800-424-9300 
 FAX NUMBER: (866) 755-8920 
 E-MAIL: info@gascogas.com 
 
 PRODUCT NAME: METHANE (0.0001% TO 3.5%) IN AIR  
 CHEMICAL NAME: Methane in Air 
 COMMON NAMES/ SYNONYMS: None 
 TDG (Canada) CLASSIFICATION: 2.2 
 WHIMIS CLASSIFICATION: A 
 

___________________________________________________________________________ 
 
2. COMPOSITION/ INFORMATION ON INGREDIENTS 
 

  INGREDIENT  %VOLUME PEL-OSHA TLV-ACGIH LD50 or LC50 
          Route/Species 
Methane    0.0001 to 3.5        Simple Asphyxiate Simple Asphyxiate     N/A 
FORMULA: CH4            
            
            
Air    Mixture           N/A            N/A             N/A  
FORMULA: Mixture     
 

___________________________________________________________________________ 
 
3. HAZARDS IDENTIFICATION 
 

EMERGENCY OVERVIEW 
Compressed gas-Nonflammable.  Product contains sufficient oxygen to support combustion. 
 

ROUTE OF ENTRY: 
 

 Skin Contact Skin Absorption Eye Contact Inhalation   Ingestion 
      Yes          No       Yes       Yes        No 
 
HEALTH EFFECTS: 
 
 Exposure Limits Irritant  Sensitization Reproductive Hazard Mutagen 
      No     No      No   No       No 
 
Carcinogenicity: --NTP: No IARC: No     OSHA: No 
 
EYE EFFECTS: 
None known. 
 
SKIN EFFECTS: 
None known. 
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MATERIAL SAFETY DATA SHEET - CALIBRATION CHECK GAS 
 
 
PRODUCT NAME:    METHANE (0.0001% TO 3.5%) IN AIR  
 
 
INGESTION EFFECTS: 
Ingestion unlikely.  Gas at room temperature. 
 
INHALATION EFFECTS: 
None expected.  This product does not contain sufficient methane to displace atmospheric oxygen. 
 
NFPA HAZARD CODES  HMIS HAZARD CODES  RATING SYSTEM 
 
Health:  0  Health:  0  0= No Hazard 
Flammability: 0 (4, as methane) Flammability:  0 (4, as methane) 1= Slight Hazard 
Reactivity: 0  Reactivity: 0  2= Moderate Hazard 
        3= Serious Hazard 
        4= Severe Hazard 

___________________________________________________________________________ 
 
4. FIRST AID MEASURES 
 
EYES: 
None required. 
 
SKIN: 
None required. 
 
INGESTION: 
Product is a gas. 
 
INHALATION: 
None required for use at normal atmospheric pressures. 

___________________________________________________________________________ 
 
5. FIRE-FIGHTING MEASURES 
 

These containers hold gas under pressure, with no liquid phase.  If involved in a major fire, they should be sprayed with water to  
avoid pressure increases, otherwise pressures will rise and ultimately they may distort or burst to release the contents.  The gases 
will not add significantly to the fire, but containers or fragments may be projected considerable distances - thereby hampering fire 
fighting efforts.  

___________________________________________________________________________ 
 

6. ACCIDENTAL RELEASE MEASURES 
 

In terms of weight, these containers hold very little contents, such that any accidental release by puncturing etc. will be of no 
practical concern. 
 

___________________________________________________________________________ 

 
7. HANDLING AND STORAGE 
 

Suck back of water into the container must be prevented.  Do not allow backfeed into the container.  Use only properly specified  
equipment which is suitable for this product, its supply pressure and temperature.  Use only in well-ventilated areas.  Do not heat 
cylinder by any means to increase rate of product from the cylinder.  Do not allow the temperature where cylinders are stored to 
exceed 130oF (54oC). 
 

___________________________________________________________________________ 
 
8. EXPOSURE CONTROLS/PERSONAL PROTECTION 
 

Use adequate ventilation for extended use of gas. 
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MATERIAL SAFETY DATA SHEET - CALIBRATION CHECK GAS 
 
 
PRODUCT NAME:  METHANE (0.0001% TO 3.5%) IN AIR  
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
 

PARAMETER:    VALUE:     
Physical state    : Gas 
Evaporation point    : N/A 
pH     : N/A 
Odor and appearance   : Colorless, odorless gas 
 

___________________________________________________________________________ 
 
10. STABILITY AND REACTIVITY 
 

Stable under normal conditions.  Expected shelf life 48 months. 

___________________________________________________________________________ 
 
11. TOXICOLOGICAL INFORMATION 
 

No known toxicological effects form this product. 

___________________________________________________________________________ 
 
12. ECOLOGICAL INFORMATION 
 

No ecological damage caused by this product. 

___________________________________________________________________________ 
 
13. DISPOSAL INFORMATION 
 

Do not discharge into any place where its accumulation could be dangerous.  Used containers are acceptable for disposal in the 
normal waste stream as long as the cylinder is empty and valve removed or cylinder wall is punctured; but GASCO encourages the 
consumer to return cylinders. 

___________________________________________________________________________ 
 
14. TRANSPORT INFORMATION 
 
    United States DOT   Canada TDG 
PROPER SHIPPING NAME:  Compressed Gas N.O.S.  Compressed Gas N.O.S. 
    (Methane in Air)   (Methane in Air) 
HAZARD CLASS:   2.2    2.2 
IDENTIFICATION NUMBER:  UN1956    UN1956 
SHIPPING LABEL:   NONFLAMMABLE GAS  NONFLAMMABLE GAS 

 
___________________________________________________________________________ 
 
15. REGULATORY INFORMATION 
 
Methane is listed under the accident prevention provisions of section 112(r) of the Clean Air Act (CAA) with a threshold quantity 
(TQ) of 10,000 pounds. 

___________________________________________________________________________ 
 
16. OTHER INFORMATION 
 

This MSDS has been prepared in accordance with the Chemicals (Hazard Information and Packaging for Supply (Amendment) 
Regulation 1996.  The information is based on the best knowledge of GASCO, and its advisors and is given in good faith, but we 
cannot guarantee its accuracy, reliability or completeness and therefore disclaim any liability for loss or damage arising out of use 
of this data.  Since conditions of use are outside the control of the Company and its advisors we disclaim any liability for loss or 
damage when the product is used for other purposes than it is intended. 

 
MSDS/S010/135/ August, 2010 



Appendix G 

 

Management of Change Form 
Template 



 

 

Management of 
Change 
 
OE Required Process 
Chevron Environmental Management Company  

 

 

 

 

 

 

 
 
 
 
Revised 3 October 2012 
Version 6.0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2012 by Chevron U.S.A. Inc. 

This document contains Chevron’s confidential and proprietary information. Use of this document is 
prohibited, except as authorized by Chevron U.S.A. Inc. and/or its affiliated Chevron companies. 



Chevron Environmental Management Company 
Management of Change 

EMC OE Required Process 

CEMC Required OE Process 

Version (5.0). Revised (9-06-12). 1) 

Management of Change Process 

Contents 

Management of Change Process ................................................................................................... 1 

Contents ........................................................................................................................................... 1 

1.0  Process Overview .................................................................................................................... 1 

1.1  Purpose ............................................................................................................... 1 

1.2  Scope .................................................................................................................. 1 

1.3  Objectives ............................................................................................................ 2 

1.4  OE Expectations Met........................................................................................... 2 

1.5  Linkages to Other OE Processes ........................................................................ 3 

The Managing Safe Work Process is linked to the following processes: ................................. 3 

2.0  Procedures ............................................................................................................................... 3 

3.0  Resources, Roles and Responsibilities .............................................................................. 10 

4.0  Measurement and Verification ............................................................................................. 12 

4.1  Measurement .................................................................................................... 12 

4.1.1  Leading Measures .......................................................................... 12 

4.1.2  Lagging Measures .......................................................................... 12 

5.0  Continual Improvement ........................................................................................................ 13 

5.1  Continual Improvement Plan ............................................................................. 13 

6.0  Document Control Information ............................................................................................ 13 

7.0  Document List ........................................................................................................................ 14 

 

 

1.0 Process Overview 

1.1 Purpose 

The purpose of managing change is to reduce the potential for safety, environmental, health, 
reliability, or efficiency incidents associated with the ongoing changes inherent in the 
management of EMC business.  This process is designed to ensure that all change events are 
systematically reviewed, communicated, approved and documented.    

1.2 Scope 

A change event is defined as any variation from previously planned and approved utilization of 
work practices, equipment, facilities or products (Operational Changes); or business processes, 
services or personnel (Organizational Changes). A change event may be a permanent or 
temporary change to either an organization or operation. 
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The requirement to manage change applies to all personnel, company or contractor, 
responsible for developing and implementing both permanent and temporary changes to EMC 
operations, organizations, or business processes; or changes that could affect other Chevron 
entities or their respective business partners including changes that are identified as temporary. 

The tools used to manage changes should match the location, the risk and the potential impacts 
associated with the change. Changes in daily work tasks may be managed by using the Job 
Safety Analysis / Job Safety Plan tool as discussed in the EMC’s Contractor HES Management 
Process (CHESM).  

Changes in job scope or job hazards may be managed by revising the contractor’s Health and 
Safety Plan as discussed in EMC’s HASP Generation and Implementation Process. 

 Changes associated with a contractor’s personnel equipment or facility shall be 
managed by the contractor’s MOC process. 

 Changes that occur within the jurisdiction of a host OpCo must be managed according to 
the provisions and requirements of that OpCo’s MOC process.  

 Operational or organizational changes not managed by the tools discussed above shall 
be managed using the EMC MOC Process Form or other EMC change tools.  

1.3 Objectives 

The objective of this process is to ensure that all operational and organizational changes, both 
permanent and temporary are managed at the appropriate level of rigor to meet the purpose. 
 

This objective is accomplished by: 

 Training all personnel, both employee and contractor, in the appropriate MOC tool 
usage, 

 Documenting the management of changes, and 
 Reviewing the usage of the various tools. 

 
 
 We will know that the objective is attained when: 
 

 All changes are planned, communicated and approved using the appropriate level of 
rigor as evidenced by zero incidents identifying a “failure to manage change” as a root 
cause; 

 All potential change owners have been trained and a process is in place for training new 
personnel; and 

 Change events using the EMC MOC form are tracked and regularly reviewed by the 
Process Sponsor and the Process Advisor to verify competency of the organization.  
 

1.4 OE Expectations Met 

This process meets the operational and organizational change requirements of OE Element 4: 
Management of Change which states:  
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Manage both permanent and temporary changes to prevent incidents. 

4.1 - A process is in place to manage changes to facilities, operations, products or the 
organization.  The management of change process shall address: 

 Both permanent and temporary changes  

 Authority for approving changes  

 Evaluation of health and safety hazards, environmental impacts and mitigation  

 Communication of the change  

 Training of all personnel impacted by the changes to facilities, operations, products or the 
organization. 

 Updates to and maintenance of critical OE documentation. 

1.5 Linkages to Other OE Processes 

The Managing Safe Work Process is linked to the following processes: 

 EMC Contractor Health, Environment, Safety Management (CHESM) Process 

 EMC Health and Safety Plan (HASP) Standard 

 EMC Incident Investigation and Reporting (II&R) Process 

 EMC Compliance Assurance Process 

 EMC Managing Safe Work Process 

 EMC Facility Design and Construction (FD&C) Process 

 Process Safety Management Process  

2.0 Procedures 

Criteria for Managing Change 

A checklist of criteria for changes requiring a formal change management process is contained 
in Section 7.0. This checklist is a general guideline and should not be considered to be all-
inclusive of every possible change. Each Project Manager shall develop a more specific list of 
criteria addressing their work activities, on a project basis, as part of the project planning. 
Examples of when to use a change management process include, but are not limited to: 

1. Operational Changes:  
 Permanent or temporary changes to process chemicals, equipment, procedures, or 

mechanical systems which are not in-kind 
 Changes to safety equipment or process safety information 
 Changes to process conditions or operating parameters, i.e., fluids, levels, pressures 

or temperatures outside pre-established limits in existing systems 
 Operating outside of established safe upper and lower limits 
 Installation or removal of facilities (also see FD&C) 
 Installation or construction of field fabricated equipment or devices 
 Changes affecting emergency response procedures 
 Electrical upgrades, removal or reclassification 
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2. Organizational Changes:  
 Changes to job duties of line, staff/support, emergency response and management 

personnel 
 Increases or decreases in staffing levels, company organization or other significant 

organizational modifications 
 Changes in key personnel 
 Changes to business and OE related processes (for example, incident investigation, 

selection of third party services, etc.) 
 
Facility startup and shutdown must be performed using the MOC process.  The MOC will 
include an approval chain, a checklist of key activities, and documentation requirements. 

 
 

3. Temporary Change: 

This section defines the expectations for temporary change.  Temporary changes are 
those changes that incorporate within themselves a built-in termination date or time.  
Changes of this type are often implemented to keep the operation running while a piece 
of equipment is repaired or replaced or in anticipation of a major maintenance campaign 
or shut down.  The same process and procedures that apply to permanent changes shall 
be used for temporary changes.   

The Change Request for the temporary change shall clearly define the reason that the 
temporary change is needed. The change description shall also indicate the proposed 
duration of the temporary change.   

The duration of temporary changes is left to the discretion of the Approver.  The 
functional review and risk assessment for a temporary change must specifically address 
any changes to the risk that could occur over time as a result of the temporary change.  
The functional review and risk assessment must also confirm that the temporary change 
can be operated safely for the proposed duration of the change.  If the duration is 
modified as a result of these assessments, the MOC should be recycled to the Approver.   

At the end of the approved duration, a temporary change must be returned to original 
service, replaced by a permanent change, converted to a permanent change, or 
extended.   

 Returned to Original Service: A Pre Start-up Safety Review (PSSR) is required when 
a temporary change is removed and equipment returned to original service this 
information is captured in the PSSR Checklist. Temporary Changes that are highly 
complex and/or in service for an extended duration may require a risk assessment 
prior to reverting to the original equipment condition.  The Approver must approve 
start up of the equipment following return to original service and should verify that 
appropriate PSSR and as needed, risk assessment were performed. Once the facility 
is returned to original service and facility information updated to reflect removal of the 
temporary change, the Temporary MOC should be closed. 

 Replaced by a Permanent Change: A new MOC is required when replacing a 
temporary change with a permanent change other than the original service.  The risk 
assessment and PSSR steps of the MOC for the permanent change must address 
removal of the temporary change.  Once the permanent change has been closed, 
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the temporary change should also be closed.  The permanent and temporary change 
records should be linked in such a way that the full history of the change is clearly 
evident.  

 Extended:  A new temporary MOC is required to extend the duration of a previously 
approved temporary MOC.  The new temporary MOC for the extension must reflect 
the full duration of the temporary change from the time of the original start-up.  It 
must also explicitly indicate the originally approved duration of the change as well as 
the proposed duration of the extension.   The risk assessment review for the 
extension must confirm that the temporary change will continue to be safe to operate 
for the full duration of operation, including the proposed extension.  Once the new 
MOC for the extension is approved for start-up, the original temporary MOC should 
be closed. The original temporary change and the extension records must be linked 
in such a way that the full history of the change is clearly evident. 

 

Certain changes and modifications do not require specific management activity, utilize the MOC 
screening checklist to assist in decision. Examples include, but are not limited to: 

 Changes in-kind 
 Changes within established operating ranges 
 Minor facility modifications or maintenance activities that do not affect process safety 

information, facility operation or safety/environmental risk 

Regardless of whether a formal, documented MOC process is to be used, all changes must be 
managed to prevent incidents. For example, a like kind change in equipment would still require 
a thorough inspection of the new equipment for potential defects. 

Available Management Tools 
 
Several change management tools are available for use, depending on the conditions and risks 
associated with the change. The EMC MOC form is one available tool, but is not appropriate in 
every circumstance. Examples of when to use other change management tools include, but are 
not limited to: 
 
 

Type of Change Management Tool Reference 

Changes within an OPCO The OPCO specific MOC process Specific Opco Web Site 
Changes in project scope CPDEP, HASP EMC OE Library 
Changes in daily work tasks JSA/JSP; Safe Work Permits EMC OE Library 
Changes in personnel Handover  and knowledge transfer 

checklists 
Section 7.0 

Organizational changes that 
affect more than one BU or 
area within a BU. 

Adapted ETC Management of 
Organizational Change process 

ETC Web Site 

New employees On-boarding process Section 7.0 
Changes to facilities or 
equipment 

Checklists Section 7.0 

All changes MOC Form and instructions Section 7.0 
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Overview of the Basic Steps 

If the criteria to manage an operational or organizational change using the EMC MOC form are 
met, the basic steps are as follows: 

 Initiate the process  
 Complete the MOC form by describing the change identify tasks and potential HES risks 

and mitigations 
 Forward the change information to the approver and the reviewers for initial approval of 

the change  
 Communicate the change in addition to Identify and conduct any necessary training 
 Pre Start-up Safety Review (PSSR) 
 Verification and final approval 
 Close out the MOC documenting the change 

 

Step One: Initiating the Process 

The person responsible for making the change occur is the “MOC Change Owner”. 
The MOC Change Owner initiates the EMC MOC process by accessing the MOC Library, 
using the EMC Process Page. If the Change Owner does not have access to the EMC 
internal website, the Change Owner must request the Change Approver to initiate the 
change process. Refer to the MOC Library Quick Reference Guide for assistance in using 
the EMC MOC SharePoint Library. 

 

Step Two: Change Owner completes the MOC Report Form 

Policy, Government and Public Affairs (PGPA) Flag Review - Review the Public Affairs 
Identification Process to determine if updated screening questionnaire is required. 
Questionnaire data should be reviewed and updated when the following occurs (not 
necessarily a complete list): 

 Change in surrounding land use(s) 
 Change in use of the property 
 Sale of the property 
 Plume/contamination migrates off-site 
 A large excavation for the project is planned (when was not planned or expected 

previously) 
 Project/site receives media attention (when had none previously) 
 Public complaints made about the project/site (when were none previously) 
 Litigation/claims filed or threatened against the company regarding the 

project/site (when were none previously) 
 New development or buildings being built, or have been built, over the 

plume/contamination 
 Announcement of new plans for development or redevelopment of the property 
 Discovery that a nearby municipal or private water supply, or surface water body 

has been contaminated or possibly contaminated 
 New information suggests that there is potential for vapor intrusion into a non-

service station structure 
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 New information indicates the nearby presence of community or environmental 
receptors or special/valued sites. 

 

MOC Tasks - List the work tasks required to complete the change.  This section is used to 
list the specific actions required to implement the change. These are the key activities that 
need to occur during the change. Keep the tasks parallel in scope.  Don’t micro plan one 
part and gloss over the tasks in another part of the change.  Each task should be discrete 
and assignable to someone.  Review the task list to ensure that all the major steps of your 
change are included. This section could be quite lengthy, depending upon the type of 
change and its scope.   

Subject Matter Experts - Each task needs to be assigned to someone. The Change Owner 
defines the needed subject matter experts.  Depending on the complexity and type of 
change, the Change Approver may add Subject Matter Experts.  This section contains the 
names of the personnel or departments that have been assigned to each task.  The Subject 
Matter Experts named for each task should be the person responsible for completing the 
task or review. Establish a date for the completion of the task.  Record the actual completion 
date when it occurs. 
 

Common aspects of their review include: 

 Understanding the justification for the change; 
 Understanding the scope of the change; 
 Understanding the hazards of the change by conducting a hazards review with 

appropriate stakeholders; 
 Identifying any regulations or standards that apply; 
 Reviewing prior lessons learned; 
 Identifying any needed training;  
 Identifying any other resources that should be employed; and 
 Developing action items and ensuring action items are addressed prior to 

implementation (or forwarding to the Change Approver). 
 

  

Risks - List the risks associated with the change. These are the risks to people, equipment, 
products, the business, or the environment during and after the change.  It is not intended to 
take the place of a JSA or a PHA.  List the responsible party, the due date and eventually, 
record the date completed. Each risk needs to be assigned to someone who will be 
responsible for mitigating the risk.  

Step Three: Change Approver Review 

The MOC Change Owner identifies the individual having the authority to approve the 
change (Change Approver). In many cases, the Change Approver will be the Project 
Manager or designate. The Change Approver must be a Chevron employee. 
 

The Change Approver Shall:  
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 Approve the initial MOC document and forward to the subject matter experts; 
o Clear scope and proper assignment of change type i.e. normal 

(temporary / permanent)  
 Add or delete subject matter experts;   
 Cancel the proposed change and return the document to the Change Owner; or 
 Approve the change if no subject matter expert input is needed. 
 Review the Communication Plan to ensure the plan reaches all parties that are 

affected by the change. 
 

Subject Matter Experts report their findings and the status of their action items to the Change 
Approver. 

Step Four: Communication Plan 

 Other organizations can be affected by a change; therefore, good communication is 
essential to reduce losses due to fines or other incidents associated with change.  Other 
Chevron entities, contractors, and government agencies are just a few of the organizations 
to consider contacting and communicating with when implementing a change. In this section 
of the MOC Form, identify the groups impacted by this change and plan how the Change 
Owner or designate will communicate the change to those groups.  Attach existing 
communication plans, define necessary communication tasks, assign individuals to those 
tasks, and determine target and actual completion dates.   

Implementing the change involves assuring that everyone who needs to know about the 
change is informed.  This might be as simple as distributing an e-mail or it could be formal 
training or issuing revised procedures.  Identify who needs to know about the change and 
list how the Change Owner or designate will communicate the change.  If in doubt, err on 
the side of telling too many people instead of assuming that an individual or group does not 
need to know about the change. 

It is the responsibility of the Change Owner to identify the information, audience and 
implementation of the communications plan.    

Step Five: Pre-Start Up Safety Review (PSSR) 

Pre Start-up Safety Review is a final check prior to initiating the use of equipment.  The 
PSSR verifies that all related process safety requirements have been met and that the 
condition and readiness of the physical equipment and facilities is safe to start-up.   

A fit for purpose PSSR, including appropriate process safety system verification and 
equipment / operational readiness checks is required.  The record of the PSSR must be 
available as part of the MOC documentation of the change. 

The Pre-Startup Safety Review ensures: 

 The change is constructed in accordance with the approved design 

 The change has been adequately communicated  
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 Procedures are updated and personnel are trained 

 Safeguards are in place to minimize risk  

 The workforce is aware of potential hazards introduced with the change. 

 Facility information is complete. For example, final as-built or red-lined drawings 
such as P&IDs, instrumentation loop diagrams and control room panel wiring 
diagrams are in place during start-up 

 Action items from Functional Review and Risk Assessment are appropriately closed 

 Maintenance and equipment management systems have been updated 

 Process units, storage facilities, process equipment, marine & structural systems that 
have been shut down, altered or otherwise taken out-of-service are in the 
appropriate condition for safe startup 

 The physical condition of the equipment such as equipment lineup, leak tightness, 
proper isolation from other systems not yet ready for startup, and cleanliness 
supports a safe start-up   

The objectives of the PSSR step are to confirm that the change was constructed consistent 
with the approved design and intent of the MOC, to confirm that process safety systems 
appropriately reflect the change, to verify the closure status of action items, to confirm that 
the equipment is in an appropriate condition for start-up and to validate whether it is safe to 
start-up. 

Step Six: Change Approver Verification and Approval 

Before authorizing the change, the Change Approver shall: 

 Confirm reviews and action items are complete; 
 Confirm all documentation is complete; 
 Verify that manuals and procedures are updated; and 
 Verify that appropriate communications have been made, and affected work groups 

have been trained or a training plan is in place. 

Upon verification, the Change Approver approves the change for implementation. 

Step Seven: MOC Close Out 

The Change Approver ensures that all final change documents are complete and entered in the 
MOC SharePoint Library.  

MOC document shall address Process Safety Information updates as well as other information 
that is associated with the change and communications plan. Below is a list of documents that 
shall be included but not limited to:  

 MOC Form 
o Complete all applicable tabs for the specific change (i.e., PSSR, Process Hazard 

Checklist, etc.) 
 Operating Procedures 
 Piping and Instrument Drawings 
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 Material Safety Data Sheets 
 Chemical Inventory Registers 
 Electrical Drawings 
 Training Rosters 
 Meeting Agendas 
 Job Safety Analysis (JSA) 

These documents shall be included in the MOC SharePoint Library as applicable to the change 
Linked processes may have documentation requirements when changes are complete.  The 
documentation must be completed before the MOC can be closed 

 

 

3.0 Resources, Roles and Responsibilities 

Table 1: Key Process Roles 

Role Name Title 

Process Sponsor Colin Beverley OE General Manager 

Process Advisor Scott Wible OE Coordinator 

MOC Team  Scott Mansholt Senior Project Manager - SFPM 

MOC Team Bob Blalock Team Lead - UBU - USW 

MOC Team  Gene Loftin OE/HES Team Lead - RBU 

MOC Team Brett Hunter Project Manager - MBU 

MOC Team Robert Speer Project Manager - MBU  

 

Table 2: Responsibilities and Competencies 

Role Responsibilites Competencies 

Management of Change 
Process Sponsor 

 Serve as the EMC-wide 
advocate of the process to 
ensure that it is understood 
and used as designed within 
each Business Unit. 

 Conduct a quarterly review of 
process effectiveness and 
efficiency. 

 Fluency in the Operational Excellence 
Management System. 

 Ability to provide vision and strategic 
direction. 

 Understanding of the Management of 
Change Process. 

 Understanding of the components of the 
OE Process Model. 

Management of Change 
Process Advisor 

 Be fluent in the Management 
of Change Process. 

 Review process 
effectiveness. 

 Facilitate continual 
improvement. 

 Fluency in the Management of Change 
Process. 

 Facilitative leadership skills. 
 Analytical and planning ability.  
 Understanding of continual improvement. 
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Role Responsibilites Competencies 

 Evaluate the design of the 
process at least every year 
and update if necessary. 

 Identify emerging issues 
related to the process. 

 Track and monitor MOC use. 

 Understanding of the OE Process Model 
components. 

 

MOC Working Team 
Representatives 

 Responsible for identifying 
Process Improvement 
opportunities. 

 Serves as a resource to 
answer MOC question 
originating within each BU. 

 Assists with periodic process 
reviews. 

 Ensures that BU personnel 
correctly document MOC ‘s. 

 Knowledge of the MOC process. 

 

Change Owner 

(May be a Chevron employee or 
a contractor representative) 

 Responsible for identifying 
change opportunities. 

 Provides initial assessment of 
the change opportunity. 

 Develops the MOC Form and 
support documentation for 
submission to the Change 
Approver 

 Makes initial selection of 
Subject Matter Experts. 

 Ensures appropriate 
communication with the 
Change Approver, Subject 
Matter Experts and other 
stakeholders. 

 Responsible to determine if 
the change is safe and 
sustainable. 

 Responsible to determine that 
the risks associated with the 
change have been identified, 
and appropriate mitigation 
measures have been 
identified. 

 Develops, coordinates, and 
ensures all affected parties 
are address in the MOC 
communication plan. 

 Ensures that pre-change and 
post-change actions are 
completed. 

 Functional or technical knowledge 
relevant to the change. 

 Knowledge of the MOC process. 
 Knowledge of HES related assessments 

(JHA, Risk Assessments, HazOp, etc.). 
 Knowledge of the OE Tenets. 

 

Change Approver 

(e.g. Typically the Project 
Manager or the next line of 
supervision, must be a Chevron 
employee) 

 Reviews, modifies, and 
approves (or recycles) the list 
of subject matter experts, and 
the required action items. 

 Evaluates the change request 
and the preliminary 
identification of risks. 

 Determines if the change 
follows the MOC process. 

 Clearly understands the scope of the 
MOC Project. 

 Understanding of the change opportunity. 
 Understanding of OE Tenets and HES 

activities. 
 Understanding of business priorities and 

business value. 
 OE fluency. 
 CPDEP fluency. 
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Role Responsibilites Competencies 

 Applies lessons learned from 
previous experience. 

 Authorizes the start of work 
(allows the change to 
happen). 

 Ensures that the MOC is 
properly closed out and 
documented. 

 Verifies effectiveness of MOC 
communication plan. 

Subject Matter Experts 

(e.g., Technically competent 
individual(s) who are 
recognized by job description 
and reporting function to 
provide expert counsel on a 
specific issue(s)) 

 Maintain SME competency in 
functional area. 

 Address procedural 
requirements as assigned in a 
timely manner. 

 Identify risks and impacts 
presented by a specific MOC. 

 Specify controls or 
mitigations. 

 Apply lessons learned from 
previous experience; 

 Understand the impacts of the 
change on existing processes 
with respect to their area(s) of 
expertise. 

 Identify other resources that 
should be involved in the 
review. 

 Functional knowledge or expertise. 
 Understanding of the MOC process. 
 Ability to identify the OE impacts of a 

proposed change. 
Ability to identify hazards involved and to 
specify and apply controls and/or other 
protective measures. 

 

4.0 Measurement and Verification 

4.1 Measurement 

4.1.1 Leading Measures 

 Leading Indicators: 
 All change owners and approvers have been trained in the process 

4.1.2 Lagging Measures 

 Lagging Indicators: 
 Incidents and near misses with a root-cause analysis listing the MOC Process as a causal 

factor and less the 20% of current. 
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5.0 Continual Improvement 

5.1 Continual Improvement Plan 

Evaluation – The MOC Process Sponsor and Advisor are responsible for evaluating the 
effectiveness of the process. The Process Advisor will review, on a quarterly basis, the 
consolidated tracking data from each EMC Business Unit. This review will address EMC’s 
progress toward the stated objectives, as defined by the lagging indicators. Annually, the 
Process Advisor will review the tracking data with the Process Sponsor. The Business 
Unit General Managers will identify issues and communicate those issues to the Process 
Sponsor. 

Improvement – The Process Advisor will identify process improvements based on MOC 
data tracking review, Process Sponsor discussions, OE Champion discussions, the 
annual process review, and discussions with MOC users.  Substantive changes to the 
MOC Process must be authorized by the OE Steering Team. Approved changes will 
communicated to the workforce with the release of revised process documentation and 
updated training materials.  Individual Business Unit deficiencies in process utilization will 
be addressed by the respective Business Unit General Manager.   

6.0 Document Control Information 

Table 3: Document Control Information 

Current Version Issue Date: October, 2012 

Document Location: EMC OE Process Library 

 

Table 4: Document History 

Version 
Number 

Date 
Notes 

1.1 Sept. 2005 New Procedure 

2.1 May 2006 Entire document revision pursuant to the 
finding of the OE Review Team findings.  

3.1 June 2007 Process Optimization developed from EMC 
self assessment findings, addition of support 
documentatijon.  

4.1 May 2009 Inclusion of a knowledge transfer process 
and clarification of roles and responsibilities 
related to tracking.  

5.1 July 2011 Revised procedures to retain records in 
Sharepoint platform 

6.0 October 2012 Update process to address 2012 OE Audit 
findings 
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7.0 Document List 

Attachment Title Document 

MOC Form and Instructions MOC Form 

MOC Screening Checklist MOC Screening Checklist 

Checklist for Supplier Change MOC Supplier Change 

Transfer of PM  MOC Project Manager Transfer 

New Employee Onboading checklist MOC New Employee Checklist 

 

 

 

 

 



Enter the date of the MOC (DDMMMYYYY)

List who is preparing the MOC Form. This is the person who has identified the need 

for the change. May be an EMC Project Manger or Contractor.

List which locations or operations are impacted by the change.

Identification number format: CAI_DDMMMYYYY_BU_MOC Type_Project Site (e.g., 

PBWI_02Jan2012_RBU_Operational_Fillmore) . This is specific identifier to enable 

categorization and location.

Select the  type of change from the options (Operational or Organizational)

Select Yes or No 

Enter the date the temporary change should return to normal operations 

(DDMMMYYYY)

Enter the details for the change (What, where, when, and how)

Enter the approvers name, target date for approval and date approval is completed

Enter the approvers name, target date for approval and date approval is completed

Enter the approvers name, target date for approval and date approval is completed

Enter the approvers name, target date for approval and date completed

Enter the approvers name, target date for approval and date completed

Enter in the name, company name, and title of the SME for the MOC

Include all work document for the MOC. Many changes will include other work 

documents in addition to the MOC Form. For example; permits, drawings, project 

schedules, and letters might be produced for a change. These shall be included in 

the MOC SharePoint Library.

The MOC Form and any additional documents are stored in the MOC SharePoint 

Library. Copies may be stored locally.

The MOC documents shall be maintained for three years, or for the life of the 

facility affected by the change, whichever is longer. 

Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

MOC Details

MOC Tasks

Closing out the MOC

Approvals

Document Storage

Document 

Retention

Temporary Change

Records Updated

MOC Development 

Team

Documentation

Initial MOC Plan

Change Owner

Communication 

Plan Review

Final Approval

Temporary Change

Temporary Change 

Expiration Date

Detailed Description 

Complete all tabs and fields for each MOC including the Process Hazard Checklist and PSSR Checklist 

when applicable to the change. 

Affected 

MOC ID #

Type of Change

Date Issued:



Questionnaire Data should be reviewed and updated when the following occurs 

(not necessarily a complete list):

‐ Change in surrounding land use

‐ Change in use of the property

‐ Sale of the property

‐ Plume/contamination migrates off‐set

‐ A large excavation for the project is planned (when was not planned or expected 

previously)

‐ Project/site receives media attention (hen had none previously)

‐ Public complaints made about the project/site (when were note previously)

‐ Litigation/claims filed or threatened against the company regarding the 

project/site (hen were none previously)

‐ New development or buildings being build, or have been built, over the 

plume/contamination

‐ Announcement of new plans for development or redevelopment of the property

‐ Discovery that a nearby municipal or private weather supply, or surface water 

body has been contaminated or possibly contaminated

‐ New information suggests that there is potential for vapor intrusion into a non‐

service station structure

‐ New information indicates that nearby presence of community or environmental 

receptors or special/valued sites

The tasks selection is used to list the specific action required to implement the 

change. These are the key activities that need to occur during the change. Keep the 

tasks parallel in scope. Don't micro‐plan on part and gloss over the tasks in another 

part of the change. Each task should be discrete and assignable to someone. Review 

the task list to ensure that all the major steps of the change are included. This 

section could be quite lengthy, depending upon the type of change and scope.

Each task needs to b reassigned a person responsible. The Change Owner defines 

the needed SME. Depending on the complexity and type of change, the Approver 

may add additional SMEs. This column contains the names of the personnel or 

departments that have been assigned to each task. 

Enter the target and completion dates as appropriate (DDMMMYYYY)

List the risks associated with the change. Consider all risk to people, equipment, 

products, the business or environment during and after the change. It is not 

intended to take the place of the JSA or a PHA

Each risk needs to be assigned a person responsible for mitigating the risk. 

Enter the target and completion dates as appropriate (DDMMMYYYY)

Person Responsible

MOC Risk

Public Affairs

Tasks

Person Responsible

Target and 

Completed Dates

Risks

Target and 

Competed dates

Process Hazard Checklist



Qualitative Risk Assessments provide a consistent method to identify, evaluate and 

control process hazards in systems that use significant quantities of highly 

hazardous and/or reactive chemicals.

The objectives of the PSSR step are to confirm that the change was constructed 

consistent with the approved design and intent of the MOC, to confirm that process 

safety systems appropriately reflect the change, to verify the closure status of 

action items, to confirm that the equipment is in an appropriate condition for start‐

up and to validate whether it is safe to start‐up.

Other organizations can be affected by a change; therefore, good communication is 

essential to reduce losses due to fines or there incidents associated with the 

change. Other Chevron entities, Contractors, and Government agencies are just a 

few of the organizations to consider contacting and communicating with when 

implementing a change. 

Identify the person responsible for coordinating the communications plan for the 

change.

Enter the target and completion dates as appropriate (DDMMMYYYY)

Identify the type of communication utilized. There may be multiple selections. If the 

type is not listed use the "other" field to describe what was done.

Each communication type needs to be assigned a person responsible for 

coordinating the communication. 

Enter the target and completion dates as appropriate (DDMMMYYYY)

Enter the name of the other organizations that required communication of the 

change (e.g., Other CVX opco, EPA, contractor company).

Enter the date the communication completed (DDMMMYYYY)

Enter the name of the individual or department communicated with.

Enter the type of communication utilized

The MOC Approver is responsible for verifying that the communication plan has 

been effectively executed to the appropriate audience. 

Enter the target and completion dates as appropriate (DDMMMYYYY)

Enter any information describing how the communications plan was executed.

Target and 

MOC Pre‐Start Up Safety Review (PSSR)

MOC Communication

Communications

Target and 

Competed dates

Person Responsible

Person Responsible

Communications Coordinator

Type of 

Communication

Method of Communication

Person Responsible

Target and 

Competed dates

Notes

PSSR Checklist

Process Hazard 

Checklist

Verification of Communication

Date

Contact Name

Type of 

Communication

Organization Name

Other Organizations



Date Issued:

Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

Detailed Description of Change:

Change Information:

Temporary Change Expiration Date:

Type of Change:

Operational

Organizational

MOC ID: (CAI_DDMMMYYYY_BU_MOC Type_Project Site )

Temporary Change?

Affected Location(s) ‐ Operation(s):Change Owner:

Communication Plan 

Review

Approver Name: Target Date: Approval Date:

Initial MOC Plan
Approver Name: Target Date:

Approver Name: Target Date: Approval Date:

MOC Development Team (SME): 

Target Date

Name Company Name Title

Temporary Change

Date CompletedPerson Responsible

Records Updated

Closing Out the MOC

Final Approval

Approval Date:

Approvals:

Yes No



1

2

3

4

5

6

7

8
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Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

MOC Tasks:

Certain changes require and update of the PGPA screening questionnaire. If required, this task should be listed below.Public 

Affairs

Person Responsible Target Date
Date 

Completed

List the work tasks required to complete the change. List the Responsible Subject Matter Experts and the target date.
Tasks

Describe detail of task 
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Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

Risk
Identify associated risks and how they are to be mitigated. List the responsible party, target date and completion date.

MOC Risks: Describe detail of risk Person Responsible Target Date
Date 

Completed



Checklist Questions: Yes  No  N/A

Introduce new chemicals that are toxic, flammable, corrosive or 

otherwise hazardous?

Introduce a new chemical reaction to the process?

Increase/decrease operating pressures outside present min/max 

operating limits?

Require an increase in relief valve sizing?

Create the potential for vacuum?

Increase operating temperatures above present operating limits?

Decrease operating temperatures below present operating limits?

Allow overfilling of a vessel?

Cause levels to be lost from tanks?

Increase/decrease flow rates significantly (20 %+)?

Divert flows from or add flows to existing flow paths?

Increase potential for erosive/corrosive conditions, including the 

potential creation of dead legs in piping circuits?

unit/area

Increase potential for a phase change?

Increase the potential for deposits to occur or collect?

system?

Require an electrical area reclassification?

foundations?

Complicate or significantly alter a process control scheme?

Increase/cause the potential for introduction of air into a closed or 

blanketed system?

Tie sources into vent/drain systems which could plug?

Process Hazard Analysis Checklist

Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

Comments

NOTE:  If an affirmative answer is made to any of the following items, explicit recommendations may be evident from application of checklist or a 

further more detailed hazards analysis/evaluation may be indicated as necessary. Further evaluation may be accomplished through the use of 

detailed checklists appropriate to the equipment or change involved or by investigation of potential hazards through another appropriate means 

(what‐if, HAZOP, etc.).



Tie sources into vent/drain systems that could change their 

temperatures beyond present design limits?

Alter vents or drains such that hazardous chemicals can be 

transported to areas not designed for their presence?

Introduce a potential ignition source into a process area?

Introduce equipment with unusual operating or maintenance 

requirements or characteristics?

Introduce containment around equipment containing hazardous 

(flammable/toxic) chemicals?

Limit access to any process area or equipment, or in any way 

impede ingress or egress to/from the area?

Has any similar change ever resulted in a safety related problem at 

this location?

Alter materials of construction?

Allow potential blocking, isolation or bypassing of a safety device 

(PSV, shutdown, etc.)?

In any way affect existing safety equipment or require additional 

safety equipment, including fire protection equipment?

In any way affect the ability to contain, isolate and vent hazardous 

material during release scenarios?

In any way affect existing trip or alarm system, including testing 

programs, or add new devices to be tested?

Affect existing operating or maintenance procedures, including 

preventive maintenance programs, or require new procedures?

survey?





Name of Person Completing the PSSR Checklist:

General Considerations YES NO N/A INITALS

Operators walk through and check complete?

All Punch list items completed?

Process Hazard analysis action items completed?

P&ID walk downs complete? 

Commissioning & startup plan approved?

Operation & safety signage in place?

Are compressed gas cylinders segregated and secured?

Utility systems commissioned and ready?

Fire/Safety Equipment in place including any required PPE?

Has appropriate training been completed for operations 

maintenance, and other personnel as required in this project?

Have processes or equipment been shutdown that are required for 

safe operations, have they been placed back in service?

Have all Lock Out Tag Out locks that were installed, removed?

Have all packing materials, shipping blocks, stops, preservatives, 

etc. been removed from equipment?

Where required in the scope of work, have temporary filters or 

screens for startup been installed?

Are hot surfaces adequately protected from exposure to flammable 

materials?  

Are hot surfaces (140o F and greater) adequately protected from 

exposure to employees?

Have all handrails, toe boards and floor grating been installed 

where needed?

Has all insulation, called for in the scope of work been installed?  

i.e., Personnel protection, Winterizing, and Heat conservation.

Are ladders, scaffolds, platforms, ramps, stairs, and walkways caged 

and guarded adequately, do they meet Chevron’s (SID) safety in 

design standards?

Have the action items in the MOC been completed?

Does the MOC need to be updated (Evergreen) for any changes?

Have MSDS for new materials been added to the data base

Engineering YES NO N/A INITALS

Do Pressure vessels have name plates with code stamp and the 

correct pressure/temperature rating as shown on the P&ID’s?

Does the installation of fired and pressure vessels comply with legal 

requirement and codes?

Date PSSR Completed:

MOC Pre‐Start Up Safety Review (PSSR) Checklist

Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)



All legal requirements and all permits complete?  

Where required and in accordance with design, have anchor bolts 

and tie‐downs been installed to secure pressure vessels or 

equipment, correct size & type of bolt?  (i.e.  A‐325 for structural)

Are PSV’s set at the relieving pressure designated on the P&ID’s? 

(At or below the pressure rating of the vessel or the lowest pressure 

rated component it is intended to protect.)  Are PSV’s in the correct 

location per P&ID’s?  

Are backpressure valves and/or PSV’s piped to a closed top tank?

If the PSV outlet piping is connected to a network, has it been 

designed for the backpressures per API 520?  

Have liquid traps and freezing potential been designed out?

Have repairs to the separators/equipment been made as per code 

and specifications and is documentation complete?

Has hydro test fluid or other material, not compatible with the 

operation, been purged from vessels, equipment or piping?

Are internal attachments (e.g. trays, packing, mist pads, chimney 

trays) in place and secured?  

Have all man ways been properly closed and nozzle connections 

bolted up correctly?  

Is piping supported so as to not put additional stress on vessels, 

exchangers or equipment nozzles?   

Are the utility systems (flare, electrical, process water, etc.) 

properly sized, and connected at the correct points?

Are Cathodic Protection systems designed, installed and 

reconnected properly.

Are the dikes around the tanks constructed to contain 150% 

capacity of the largest tank volume?

Equipment YES NO N/A INITALS

Has proper lubrication oil been used and added to the proper level?

For internal combustion engines, has engine coolant been added to 

the correct level?

Have all equipment filter elements been installed (air, oil, coolant, 

fuel)?

Has alignment and rotation of equipment been checked?

Are drive belts installed and properly tightened?

If required, is equipment properly grouted in place and/or hold 

down bolts installed?

Is belt driven equipment “sheaved” to run at the specified RPM as 

per the design?

Are current operating conditions within equipment operating 

limits? (i.e. insure that temperature, pressure, flow, concentration, 

etc. have not changed appreciably since design)?



Has loose material been removed from near air intakes, air‐cooled 

exchangers, rotating equipment, or other areas where it could 

cause damage when equipment is started?

Where required, has an inlet piping strainer been installed to 

protect equipment?

Is the equipment accessible for maintenance and removable for 

repairs?

Does piping and equipment have adequate drains and vents?

Is rotating equipment properly guarded per Chevron SID?

Have maintenance locks and tags been removed?

Has a pressure and leak testing been performed on equipment?

Has the equipment been installed in accordance with the Corporate 

Spacing Guidelines?  If not, has the FE Manager approved the 

variance?

Instrumentation and Electrical YES NO N/A INITALS

Have alarm and shut down system been checked for fail safe 

operation?

Does the electrical system comply with the area electrical 

classification?

Do control valves fail safe upon loss of power as per P&ID?

Do all tanks have high level indication, alarm and callouts? 

Do ESD valves fail safe in correct position as per P&ID?

Is the facility equipped with high level shutdown of producing 

wells?

Is all appropriate instrumentation/measurement equipment open 

to process? (Sensing ports & valves open) 

Does the electrical work comply with legal requirements and 

company practices? 

Are all electrical connections secure and ready for service?

Has the newly installed or modified equipment been tied‐in to the 

ESD system?   Tested and documented?

Are all electrical covers and housings installed properly and bolts in 

place and tight? 

Have critical controls and shutdowns been function tested?  

Have conduit seals been poured?

Are exposed non‐current carrying metallic parts of electrical 

equipment, conduit systems, cable trays, vessels, skids and both 

ends of metallic cable armor grounded properly? 

Are all cable trays, conduits, junction boxes, transformers, starters, 

etc. supported rigidly in place (do not use process or utility piping 

for support)?

Is all wiring routed a sufficient distance from hot surfaces to 

prevent damage?

Are motors, control stations, motor control centers, starters, 

breakers, junction boxes, apparatus and devices used for operation 

of control circuits and appliances properly identified with 

nameplates?



Has the I&E system been installed as indicated in the change 

request, drawings and hazard review?

Piping and Valves YES NO N/A INITALS

All systems tested for pressure and leak integrity as required in the 

scope of work?

Has required stress relieving been performed after welding?

Have appropriate blinds, plugs, spectacles, spades and skillets been 

removed from the system and the connections made up?

Has hydro test fluid or other material, not compatible with the 

operations, been purged from the system?

Have all hydro test connections been sealed following final hydro 

test?  

When appropriate, have lines been cleaned/flushed of material 

harmful to downstream equipment or processes? (i.e. weld slag, 

dust/dirt, hydro test fluid, packing material, trash, etc.)?

Are bypass valves around equipment or control valves closed? Or in 

the correct position for startup operations?

Are open‐ended valves and piping like vents and drains, Plugged, 

blinded, or capped?

Are threaded connections adequately protected against fatigue 

failure (e.g. braced)?

Are piping supports adequate to prevent damage or undue stress 

due to pipe span, vibration, valve weight, misalignment, etc.?

If a block valve is present in a relief line, is the valve locked open?

Where PSVs are relieved to atmosphere, is the discharge routed to 

prevent injury or damage?

Are valves indicated as “CSC” (Car Sealed Closed) on P&ID’s locked 

closed? “LO” Lock Open may be used as alternate.

Are valves indicated as “CSO” (Car Sealed Open) on P&ID’s locked 

open? “LC” Lock Closed may be used as an alternate.

Are dissimilar metals (such as between aluminum fittings, conduits, 

etc and steel) kept from contact to prevent galvanic corrosion?

Has all buried piping, conduit and wiring been surface indicated and 

indicated on drawings. Pictures are a good addition.

Is the piping system anchored at changes in direction and dead‐

ends, as per design, to prevent damage to systems?

Operations YES NO N/A INITALS

Have operator’s received appropriate training in unique hazards of 

the process and equipment operating procedures?

Have new to the location controls/equipment been introduced at 

this facility?  If so, has there been adequate training conducted on 

the new equipment and operation?



Has all process safety information (MSDS, P&ID’s, Plot plans, 

operating limits and parameters, alarms, safe practices and 

shutdowns etc.) been made available to all affected operators, 

updated and checked? 

 Are appropriate procedures in place?  (start up, safety, 

environmental, operating, maintenance and emergency)

Is startup of this process/equipment compatible with simultaneous 

operations (e.g. drilling, hot work, plant, compression, operations, 

etc.)?

Are employees and contractors whose jobs are impacted by this 

change, knowledgeable of the change?

If startup of the process or equipment has an impact on operations, 

have the appropriate personnel been notified?





1

2

3

4

Other Organizations Impacted by the Change: (e.g., CVX opco, EPA, Other Contractor Companies)

Contact Name/DepartmentOrganization(s) Name 
Type of 

Communication
Date

Method(s) of Communication: (Complete fields for all types used)

Management of Change (MOC) Report Form

Chevron Environmental Management Company (CEMC)

Communication:

Change Owner

Person Responsible Target Date Date Completed

Coordinate the Communication of the Change:

Person Responsible Target Date Date Completed

Email

Safety Meeting

Signage

Other (Describe)

Training

Notes: (Describe how the communication plan was completed and it's effectiveness)

Verification of Communication:

Person Responsible Target Date Date Completed



Appendix H 

 

Completed Management of 
Change Documentation 



Appendix I 

 

OMM Manual Management of 
Change Form 



Modified/Added Section Effected Reason for Change Date

2.4.2 12, 13 Addition of permanent air monitoring sensor information

4.1.2 16 Addition of site security fencing information

4.2.3.5 21 Addition of air monitoring sensor calibration information

Modified/Added Table Date

Remote Monitoring Table 2/1/2013
Preventative Maintenance 
Table 4/19/2013

Modified/Added Figure Date

Record Drawings 5/1/2013

Record Drawings 9/18/2013

Modified/Added Appendix Date

SOP 21 3/14/2013

Appendix E, Annual Alarm 
Testing 4/18/2013

SOP 21 8/14/2013

SOP 22 8/14/2013

Appendix A 8/14/2013

Appendix F 8/14/2013

2. OMM Manual updates will occur on an annual basis

Added Kaeser FG460 Food Grade Oil MSDS, H2S Cal Gas MSDS, LEL Cal Gas MSDS

Addition of H2S, LEL, and VOC sensor alarm testing. Also T-200 and T-300 Vacuum Switch 
alarm testing

Notes:

Addition of VOC data sheet, Oxygen Generation & Receiving tank plaque photographs, KCF 
oil seperator

Edited SOP for System Enclosure entrance procedures if hazardous atmosphere present.

1. Updated pages, tables, figures and/or appendices subject to modification have been included with this form.  Existing portions of the 
OMM Manual subject to modification are to be replaced with the updated portions upon receipt.  Obsolete pages, tables, figures and 
appendices are to be discarded. 

OMM Manual Management of Change Form
Groundwater Remediation System

Former Tappan Terminal Site
Hastings on Hudson, New York

Text

Tables

Figures

Appendices

Edited SOP for use with permanent air monitoring sensors and System Enclosure entrance 
procedures.

As-Built Survey Completed

Reason for Change

Changed units on table to reflect sytem readings
Included Hydrogen Sulfide, Lower Explosive Limit, and Volatile Organic Compound Sensors 
calibration requirements in the table.

Reason for Change

Addition of new H2S, LEL, and VOC sensors & interlocks

Reason for Change

Developed new SOP for use of 5 gas meter when entering System Enclosure



Appendix J 

 

System Operator Training 
Certificates 



Appendix K 

 

USEPA Injection Well Permit 
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