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Massachusetts Department o nvironmenta rotection
Massachusetts Department of Environmental Protection BWSC-108
Bureau of Waste Site Cleanup
COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Numb r

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H) - 00518

A. SITE LOCATION:
Site Name: (optional) Former General Electric Facility (Eastern Parking Lot/Drum Storage Area)
Street: 50 Fordham Road Location Aid:
City/Town: Wilmington ZIP Code: 01887
Related Release Tracking Numbers that this Form Addresses:

Tier Classification: (check one of the following) X Tier IA Tier IB E Tier IC [ Tier II Not Tier Classified
If a Tier I Permit has been issued, state the Permit Number: 83052

B. THIS FORM IS BEING USED TO: (check all that apply)

] Submit a Phase I Completion Statement. Pursuant to 310 CMR 40.0484 (complete Sections A. B. C. G, H, I and J).

F Submit a Phase || Scope of Work. oursuant to 310 CMR 40.0834 (comolete Sections A, B, C. G. H. I and J).

Submit a final Phase || Comprehensive Site Report and Completion Statement, pursuant to 310 CMR 40.0836
(complete Sections A, B. C, D, G, H, I and J).

Submit a Phase IlIl Remedial Action Plan and Completion Statement, pursuant to 310 CMR 40.0862 (complete Section A, B. C. G, H, I and J).

EXK Submit a Phase IV Remedv Implementation Plan, Pursuant to 310 CMR 40.0874 (complete Sections A. B. C. G. H, I and J).

Submit a As-Built Construction Report, pursuant to 310 CMR 40.0875 (complete Sections A. B. C. G. H, I and J).

F Submit a Phase IV Final Inspection Report and Completion Statement, pursuant to 310 CMR 40.0878 and 40.0879 (complete Sections A,
B, C, E. G. H, I and J).

Submit a periodic Phase V Inspection & Monitoring Report, pursuant to 310 CMR 40.0892 (complete Sections A, B, C, G, H, I and J).

H Submit a final Phase V Final Inspection & Monitoring Report and Completion Statement, pursuant to 310 CMR 40.0893 (complete
Sections A, 8, C, F. G, H, I and J).

You must attach all supporting documentation required for each use of form indicated, including copies of
any Legal Notices and Notices to Public Officials required by 310 CMR 40.1400.

C. RESPONSE ACTIONS:

LI Check here if any response action(s) that serves as the basis for the Phase submittal(s) involves the use of Innovative Technologies.
(DEP is interested in using this information to create an Innovative Technologies Clearinghouse.)
Describe Technologies:

D. PHASE || COMPLETION STATEMENT:
Specify the outcome of the Phase Il Comprehensive Sites Assessment:

F1 Additional Comprehensive Response Actions are necessary at this Site, based on the results of the Phase Il Comprehensive Site Assessment.

l The requirements of a Class A Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-1 04)
will be submitted to DEP.

D The requirements of a Class B Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104)
will be submitted to DEP.

l Rescoring of this Site using the Numerical Ranking System is necessary, based on the results of the final Phase 11 Report.

E. PHASE IV COMPLETION STATEMENT:
Specify the outcome of the Phase IV activities:

Phase V operation, maintenance or monitoring of the Comprehensive Response Action is n s t I'eU 1JsWcf t
(This site will be subject to a Phase V Operation, Maintenance and Monitoring Annual Com i n .

The requirements of a Class A Response Action Outcome have been met. No additional o ti ten or mon r nry
ensure the integrity of the Response Action Outcome, A completed Response Action Outc t te nt C.40 su tt 0
DEP.
The requirements of a Class B Response Action Outcome have been met. No additional o ration m ecessaryt
ensure the integrity of the Response Action Outcome. A completed Response Action Outc nBEtlWW *AgStew "tI YDEP.

Section E is continued on the next pan P WOBUhR N MASS
gSupersedes Forms BWSC-010 (in part) and
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IMsachusett Department of Environmental Protection BVVS -1U8
Bureau of Waste Site Cleanup
COMPREHENSIVE RESPONSE ACTION TRANSMITTAL 3 00518
FORM & PHASE I COMPLETION STATEMENT Release Tracking Number
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H) 3 .0

PHASE IV COMPLETION STATEMENT: (continued)

The requirements of a Class C Response Action Outcome have been met. Further operation, maintenance or monitoring of the remedial action
is necessary to ensure that conditions are maintained and that further progress is made toward a Permanent Solution. A completed Response
Action Outcome Statement (BWSC-1 04) will be submitted to DEP.

Indicate whether the operation and maintenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR 40.0006.):

0 Active Operation and Maintenance 0 Passive Operation and Maintenance

(Active Operation and Maintenance makes the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

PHASE V COMPLETION STATEMENT
Specify the outcome of Phase V activities:

The requirements of a Class A Response Action outcome have been met and a completed Response Action Outcome Statement (BWSC-
104) will be submitted to DEP.

The requirements of a Class B Response Action Outcome have been met. No additional operation, maintenance or monitoring is necessary
to ensure the integrity of the Response Action Outcome. A completed Response Action Outcome Statement (BWSC-104) will be submitted
to DEP.

The requirements of a Class C Response Action Outcome have been met. Further operation, maintenance or monitoring of the remedial
action is necessary to ensure that conditions are maintained and that further progress is made toward a Permanent Solution. A completed
Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

Indicate whether the operation and maintenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR 40.0006.):

0 Active Operation and Maintenance 0 Passive Operation and Maintenance

(Active Operation and Maintenance makes the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

LSP OPINION:
I attest under the pains and penalties of perjury that I have personally examined and am familiar with the information contained in this transmittal form,
including any and all documents accompanying this submittal. In my professional opinion and judgement based upon application of (i) the standard of
care in 309 CMR 4.02(1), (ii) the applicable provisions of 309 CMR 4.02(2) and (3), and (iii) the provisions ot 309 CMR 4.03(5), to the best of my
knowledge, information and belief,

> it section L indicates tnat a Phase i, Pnase 1I, Phase Ill, Phase iv or Phase V Completion statement is being submitted, tne response actions(s)
that is (are) the subject of this submittal (i) has (have) been developed and implemented in accordance with the applicable provisions of M.G.L. c. 21E
and 310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes off such response action(s) as set forth in the applicable
provisions of M.G.L. c. 21 E and 310 CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in
this submittal;

> it section t3 indicates that a Phase i1 scope of work or a Phase IV Remedy implementation Plan is being submitted, the response action(s) tnat
is (are) the subject of this submittal (i) has (have) been developed in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR
40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of
M.G.L. c. 21E and 310 CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal:

> if section B indicates that as As-umit Construction Report or a Phase V inspection and Monitonng Report is being submitted, the response
action(s) that is (are) the subject of this submittal (i) is (are) being implemented in accordance with the applicable provisions of MG.L c. 21E and 310
CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions
of M.G. L. c. 21 E and 310 CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this
submittal.

I am aware that significant penalties may result, including, but not limited to, possible fines and imprisonment, it I submit information which I know to
be false, inaccurate or materially incomplete.

Check here if the Response Action(s) on which this opinion is based, if any, are (were) subject to any order(s), permit(s) and/or approval(s)
issued by DEP or EPA. If the box is checked, you MUST attach a statement identifyinq the applicable provisions thereof.

LSP Name: Bruce A. Hoskins LSP#: 7109 Stamp:

Telephone: (603) 893-0616 Ext.: BRUC41E

S BRUCEFAX: (optional) HOA.
HOSKINS t

Signature: P Of No. 7109

Date: cZc& ,ZTP 9

I
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Massachusetts Department of Environmental Protection BWSC-108
Bureau of Waste Site Cleanup
COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number
FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H) 3 . 00518

H. PERSON UNDERTAKING RESPONSE ACTION(S):

Name of Organization: TRC Environmental Corporation

Name of Contact: Joseph Yeasted Title: Vice President

Street: Boott Mills South, Foot of John Street
Cityrrown: Lowell State: MA ZIP Code: 01852

Telephone: (978) 970-5600 Ext.: FAX: (optional)

Check here if there has been a chance in the person undertakina the Response Action,

1. RELATIONSHIP TO SITE OF PERSON UNDERTAKING RESPONSE ACTION(S): (check one)

nX RP or PRP Specify: ) Owner ) Operator ( Generator C Transporter Other RP or PRP: Other legally responsible party

Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L. c. 21E. s.2)

Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21 E, s.5())

Any Other Person Undertaking Response Action Specify Relationship:

J. CERTIFICATION OF PERSON UNDERTAKING RESPONSE ACTION(S):
I Joseph Yeasted , attest under the pains and penalties of perjury (i) that I have personally examined and am
familiar with the information contained in this submittal, including any and all documents accompanying this transmittal torm, (ii) that based on my
inquiry of those individuals immediately responsible for obtaining the information, the material information contained in this submittal is, to the best
of my knowledge and beliet, true, accurate and compiete, and (ii) that I am tully authorized to make this attestation on behalt of the entity legally
responsible for this submittal. 1/the person or entity on whose behalf this submittal is made am/is aware that there are signifticant penalties, including,
but not limited to, possible fines and imprisonment, for willfully submitting false, inaccurate, or incomplete information.

By: (sg Title: Vice President

siPgn 
re

For oseph Yeasted Date: July 7, 2000
(pnnt name of person or entity recorded in section H)

Enter address of the person providing certitication, it ditterent trom address recorded in Section H:

Street:

City/Town: State: ZIP Code:

Telephone: Ext.: Fax: (optional)

YOU MUST COMPLETE ALL RELEVANT SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS
INCOMPLETE. IF YOU SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING

A REQUIRED DEADLINE.

supersedes t-orms HWSU-U1U (in part) and U1J
Do Not Alter This FormRevised 3/30/95 Page 3 of 3
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GLOSSARY OF TERMS

Aquifer - Underground water supply located in soils and rock.

AUL - Activity and Use Limitation indicating an environmental restriction on a property.

Background - the level of oil and/or hazardous material that would exist in the absence of the
site of concern.

Bailer - Field equipment used to sample groundwater from a monitoring well.

Degradation - The natural breakdown of contaminants.

Dense Non-aqueous Phase Liquid (DNAPL) - A distinct accumulation of liquid chemicals,
such as solvents, in the subsurface that are more dense than water, and tend to sink.

Dig-Safe - Utility underground plant damage prevention system.

Downgradient - "Downstream" from an area of concern.

Extractable Petroleum Hydrocarbons (EPH) - Petroleum hydrocarbons found in "heavier"
petroleum products, such as fuel oil.

Fingerprint Analysis - Laboratory analysis of sample to characterize the type of petroleum.

Flame Ionization Detection - field equipment used to screen headspace to identify the mass
transfer of volatile oil and/or hazardous material to the sample headspace.

Fractured Bedrock - Rock located deep in the subsurface that is broken or split.

Groundwater - Water stored in aquifers (i.e. below the earth's surface).

Headspace Screening - analytical screening procedure identifying the mass transfer of volatile
oil and/or hazardous material from a solid or liquid test sample to an overlying confined
space.

Light Non-aqueous Phase Liquid (LNAPL) - A distinct accumulation of liquid oil or other
chemicals, such as gasoline, in the subsurface that is less dense than water, and tends to
float on water.

MCP - The Massachusetts Contingency Plan that defines environmental investigation and
remediation requirements.

Outfall - The exit point of stormwater lines or other drains.

Overburden - Soil, sediments and gravel deposits on top of bedrock.
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Part Per Billion (ppb) - A unit of measure used to express how much of a substance or
compound is present in the environment. For example, one drop of trichloroethylene
(TCE) in 26,000 gallons of water is approximately equal to I ppb of TCE in water.

Part Per Million (ppm) - A unit of measure used to express how much of a substance or
compound is present in the environment. For example, one drop of trichloroethylene
(TCE) in 26 gallons of water is approximately equal to 1 ppm of TCE in water.

PCE - Tetrachloroethylene, a commonly used chlorinated solvent used for machinery
degreasing, and is denser than water.

PetroFlag Field Test Kit - A field analytical tool used to analyze concentrations of petroleum
hydrocarbons.

Photo-Ionization - Field equipment used to screen headspace using an ultraviolet light source to
identify the mass transfer of volatile oil and/or hazardous material to the sample
headspace.

Piezometer - A groundwater well installed to measure vertical head differences.

Plume - The area impacted by contaminants commonly used to describe contaminants moving
in groundwater.

Remedial Action - Containment or clean up of contaminated media.

Remedial Action Plan (RAP) - A document that presents the reasons for selecting a remedial
action.

Remedy Implementation Plan (RIP) - A document that explains how a remedial action will be
carried out.

Remedial Technology - A technological approach to contain or clean up site contamination.

Responsible Party (RP) - A person (or party) who is liable under M.G.L. c. 21E for any costs
or damages.

Risk Characterization - the procedures for characterizing risks of harm to health, safety, public
welfare and the environment.

Sediments - Material that accumulates on the bottom of lakes, ponds, streams, rivers or other
surface water bodies.

Soil - Loose material overlying bedrock.

Upgradient - "Upstream" from an area of concern.

Soil Borings - A borehole constructed to determine subsurface conditions.

Stoddard fuel/solvent - A type of petroleum used to fuel aerospace engines.
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TCE - Trichloroethylene, a commonly used chlorinated solvent used for machinery degreasing
and dry cleaning, and is denser than water.

Volatile Petroleum Hydrocarbons (VPH) - Petroleum hydrocarbons found in "lighter"
petroleum products, such as gasoline.

Volatile Organic Compound (VOC) - A substance containing carbon that has a tendency to
evaporate.

Water Table - The top of the groundwater zone.
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1.0 INTRODUCTION

This report presents a Remedy Implementation Plan (RIP) as part of Phase IV activities for the
Eastern Parking Lot (EPL) Area at the former General Electric (GE) Facility site located at 50
Fordham Road in Wilmington, Massachusetts. This RIP conforms to the regulatory
requirements under 310 CMR 40.0874 of the Massachusetts Contingency Plan (MCP). The site
is listed as a Tier IA site with Release Tracking Number 3-0518. Regulatory oversight is
provided by the Massachusetts Department of Environmental Protection (MA DEP).

Prior remedial actions in the EPL included the removal of Stoddard fuel (sometimes referred to
as Stoddard solvent) from the groundwater surface as light non-aqueous phase liquids (LNAPL).
LNAPL removal was successful and was completed in 1992. However, residual Stoddard fuel-
related contaminants remain in the subsurface soil at and near the top of the groundwater table.
This is a result of the contaminants adsorbing onto the soil from the groundwater. This RIP is
designed to remove these contaminated soils from the EPL 4 /i

The Phase III Remedial Action Plan Addendum for the EPL and Drum Storage (DS) Areas
prepared by TRC Environmental Corporation (TRC) and submitted to MA DEP on March 16,
2000 selected soil excavation and off-site disposal as the remedy to implement at the EPL Area.
Furthermore, this report concluded that remediation of the DS Area was unwarranted given that
elevated contaminant levels, including that at boring B-I (located in the same area that
previously revealed elevated levels), were no longer observed. Therefore, per MA DEP's
Conditional Approval Letter dated June 9, 2000, this RIP presents the approach for
implementation of this remedy at the EPL Area.

Note that this RIP applies only to the EPL Area at the site. RIPs will be prepared individually for
the other areas of concern at the site.

1.1 Site Description

The site property is an approximately 13-acre parcel of land located east of Fordhan Road and
north of Concord Street within an industrial park in the towns of Wilmington and North Reading,
Massachusetts. Fordham Road is located along the western property boundary with industrial
parcels located further to the west of Fordham Road. Commercial and industrial properties are
located to the south. Wooded wetlands are located to the east and north. Residential properties
are located beyond the wetlands further east and north. The site location is indicated on Figure
1-1. The EPL Area is located on the east side of Buildings I and lA (Figure 1-2). Other areas,
such as the former Tank Farm Area (where four underground storage tanks were located until
1987) are also shown on the site map.

The property buildings were used for manufacturing and to support research and development by
the GE Aerospace Instruments Control Systems Department from the time they were built in
1970 through August 1989. A portion of Building 2 was subleased to Converse, Inc. (Converse),
a sports shoe manufacturer, from 1973 to 1986, and a portion of Building 1A was subleased to
Hamilton Standard, a manufacturer of hydrogen generators, from 1983 to 1985. In August 1989,
GE's operations at the facility were sold to AMETEK Aerospace Products, Inc. (AMETEK).
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AMETEK and General Scanning are the current tenants at the site. The Wilmington Realty
Trust currently owns the site.

1.1.1 Contaminants to be Encountered During Implementation of Remedy

The contaminants known or expected to be encountered during the implementation of this RIP
include:

" Stoddard fuel adsorbed to soil and possibly floating on the water table as LNAPL.

- Stoddard fuel-related petroleum hydrocarbons dissolved in groundwater.

m Chlorinated volatile organic compounds (VOCs) dissolved in groundwater.

Stoddard fuel is a liquid petroleum mixture that is colorless and flammable. It smells like
kerosene and it will turn into a vapor at temperatures of 1500 - 2000 C. It is less dense than
water and will tend to float on the water table.

As a petroleum product, it contains both aliphatic and aromatic hydrocarbons (Note: the terms
aliphatic and aromatic reflect the structure of the hydrocarbon molecule). Per the MCP, a two-
part specialized analytical method is used to determine the concentrations of these petroleum
hydrocarbons so that health risks can be more appropriately evaluated. The Volatile Petroleum
Hydrocarbon (VPH) method was developed to characterize potential health effects associated
with the "lighter" portion of petroleum products (like gasoline). The Extractable Petroleum
Hydrocarbon (EPH) method was developed to evaluate the potential health effects associated
with the "heavier" petroleum products (like fuel oil). Both aromatic and aliphatic hydrocarbons
are present in both the lighter and heavier products.

The chlorinated VOCs in groundwater are primarily trichloroethene (TCE) and tetrachloroethene
(PCE) and the associated degradation products, cis 1,2-dichloroethene and vinyl chloride. TCE
and PCE are solvents once used for degreasing metal parts. These VOCs entered the
groundwater in the Tank Farm Area, and then migrated to the east in the direction of
groundwater flow, into the aquifer under the EPL.

1.2 Nature and Extent of Contamination

1.2.1 Overview of Investigation History

The Phase II Comprehensive Site Assessment Report, prepared by GZA in April 1990, and the
Phase II Supplemental Investigation Report, prepared by Wehran Engineering Corporation
(Wehran) in November 1991 documented the discovery of a release of Stoddard fiel in the Tank
Farm Area and the EPL area. As presented in the Supplemental Investigation Report (1991),
Wehran discovered approximately one foot of LNAPL floating on the water table in piezometer
PZ-2S, located east of Building 3. Wehran collected LNAPL and soil samples from the Tank
Farm and EPL areas for total petroleum hydrocarbon (TPH) fingerprint analyses. Laboratory
results indicated that the LNAPL was Stoddard fuel. The report suggested that a release of
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Stoddard fuel may have occurred in the Tank Farm Area (former Tank G) and migrated to the
east in the direction of groundwater flow (i.e., downgradient of the Tank Farm). However, it was
also possible (although not documented) that a release occurred in the area of PZ-2S. Note that
the "S" indicates this is a shallow (overburden) well. To date, a surface spill/release in the area
of PZ-2S has not been confirmed.

In December 1991, MA DEP approved an Interim Measure for the EPL area that included the
installation of two LNAPL recovery wells (RW-1 and RW-2). Recovery operations began in
March 1992. Recovery well RW-1 was equipped with a groundwater and product recovery
pump, while recovery well RW-2 was equipped with a belt skimmer. A total of 415 gallons of
Stoddard fuel was recovered from these wells and disposed of properly.

There has been no recoverable LNAPL from RW-1 since October 1992, or from RW-2 since
March 1992. The most recent monitoring of these wells, conducted in June 1999, revealed that
there continues to be no recoverable LNAPL in the recovery wells.

In addition, Stoddard fuel was recovered in the bedrock recovery well TF-1, located in the Tank
Farm Area during system start-up in 1991 through 1992. A total of 196 gallons of Stoddard fuel
was recovered from well TF-1. No LNAPL is currently being recovered from this well despite
continuous pumping of groundwater.

Based on the continued site groundwater monitoring, LNAPL on the groundwater table is
essentially gone except for the appearance of LNAPL in well PZ-2S as detailed later in this
section. It is believed that the actual amount of remaining LNAPL is very small and located only
in the vicinity of well PZ-2S. Therefore, remaining Stoddard fuel contamination relates mainly
to the fuel residuals that have adsorbed onto soils at and near the water table surface. Low
volume recovery continues at PZ-2S by manual bailing.

In 1995, MA DEP established the site cleanup goals as the Method 1 S-3/GW- 1 standards as
established in the MCP. The numerical cleanup standards for Method I S-3/GW-1 for soil are
shown in Table 1-1 below. The Method 1 S-3/GW-1 standards were selected by MA DEP as
being appropriate for the site. GW-1 represents potential drinking water aquifers, which is
appropriate for the site area. S-3 soils represent soils which have the lowest likelihood of contact
with people. S-3 soils are soils that are isolated in the subsurface (greater than 15-foot depth) or
are paved or otherwise covered with a barrier preventing direct contact by people. S-3 soils can
also be unpaved surface soils, but only adults may be present and only for low frequency and low
intensity uses. Again, this standard is appropriate for the site as it is used for industrial purposes
and will continue to remain such for the foreseeable future. Also, the vast majority of the site is
either paved or covered by buildings.

Use of the S-3 standards for site soil cleanup goals will limit future site use and require use
restrictions under an Activity and Use Limitation (AUL); see Section . for a further discussion
of this issue.

In May and August of 1996, EMCON (formerly known as Wehran) conducted soil sampling and
analysis activities to define the limits of impacted soil and to design a soil remediation plan for
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the EPL Area and the Tank Farm Area. Results of this investigation were presented in the
Wilmington Soil Sampling Report, prepared by EMCON in 1996.

Table 1-1
EPL Area Soil Remedial Action Cleanup Goals

CONTAMINANT OF CONCERN S-3/GW-1 SOIL CLEANUP GOAL
(MG/KG)

Volatile Petroleum Hydrocarbons (VPH)
C5 - C8 Aliphatic Hydrocarbons 500

C9 - C12 Aliphatic Hydrocarbons 5,000
C9 - C10 Aromatic Hydrocarbons 100

Extractable Petroleum Hydrocarbons (EPH)
C9 - C18 Aliphatic Hydrocarbons 5,000

C,9 - C36 Aliphatic Hydrocarbons 5,000
CI - C2 2 Aromatic Hydrocarbons 200

Total Petroleum Hydrocarbons (TPH) 200*
*Note that the cleanup goal for TPH is used only in the absence of VPH and EPH data.

EMCON advanced 34 initial soil borings in May 1996 and 13 additional soil borings in August
1996. A minimum of one soil sample was taken from each boring for laboratory analysis of TPH
per Method 8100M (the established method at that time) and volatile organic compounds
(VOCs) per Method 8010/8020. Four soil samples were also collected for analysis of the latest

jMA DEP analysis method (extractable petroleum hydrocarbons (EPH) and volatile petroleum
hydrocarbons (VPH)) for comparison to the TPH results and in anticipation of MA DEP
establishing EPH/VPH as the new standard for petroleum hydrocarbon analysis.Due to
exceedances of the sample holding time and surrogate recovery results, the EPH and VPH
sample results were qualified as "estimated concentraions. i ne resuts of two duplicate soil - C
samples analyzed for TPH and EPH/VPH revealed no consistent correlation between TPH
concentrations and EPH/VPH concentrations (relative percent difference of 59 and 101 percent).
Several elevated TPH sample results in six boring locations were detected at depths of 4 to 7 feet
in the EPL area, exceeding the proposed Method I S-3/GW-1 clean-up criteria. These locations
were distributed in different areas of t e EPL*I%>k 5 & k

In addition, in 1996, detectable concentrations of tetrachloroethene (PCE) were present in three
samples in the DS aret Shallow bedrock in the DS vicinity limited sampling to a depth of 3
feet. An approximate area of impacted soil exceeding the Method 1 S-3/GW-1 clean-up criteria
was outlined.

A Phase IVRemedy Implementation Plan, prepared by EMCON in April 10, 1998, proposed two
areas of excavation based on Method 1 S-3/GW-1 exceedances. The excavation areas were
identified in the area of the loading dock of Building 1 (Drum Storage Area) and the area east of
Building 3 (Eastern Parking Lot). However, in 1999, TRC and MA DEP agreed that the
locations of potentially contaminated soil that exceeds the current MCP soil cleanup criteria
based on EPH and VPH analyses were insufficiently defined to proceed with the earlier
remediation plans.
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Therefore, to determine the degree and extent of VOC contamination in soil within the DS area,
and EPH/VPH and VOC contamination in soil within the EPL area before initiating clean-up
activities, TRC conducted a supplemental investigation using current MA DEP methodologies.
The Scope of Work included:

- Collection of continuous soil samples at 31 locations along a proposed grid to a depth of 10
feet below ground surface (bgs) using Geoprobe drilling methods;

- Preliminary evaluation screening of soil samples for TPH and VOCs; and

" Collection of 25 confirmatory soil samples for laboratory analysis for EPH/VPH, and VOCs
where appropriate.

Field soil screening evaluations included soil headspace analysis for VOCs using flame
ionization detection and photo-ionization detection (FID/PID) and relative TPH concentrations
using Petroflag field test kits. A full explanation of these field screening techniques is provided
along with the results of this investigation in the Phase III Remedial Action Plan Addendum
Report, Eastern Parking Lot Supplemental Soil Sampling, dated March 16, 2000. The results
enabled TRC to establish approximate boundaries for soil to be excavated and removed, as well
as to collect additional subsurface data that enabled the construction of a refined conceptual
model of subsurface conditions and contaminant migration pathways. Figure 1-3 shows the
approximate boundaries of the planned excavation areas.

These boundaries include all areas that clearly warrant soil removal. Not every soil sample that
exceeded the field screening criteria is necessarily included because these are located close to the
planned limits, and confirmntio laboratory sampling"otl sidewalls may indicate that the
sidewall and therefore the area beyond the sidewall does not exceed the cleanup goal. In the
event that a given location that originally exceeded the field screeningcriteria is not removed

uring exavation procedures and is notiluated by confirmatory sidewall analysis, TC vill
consider obtaining a separate soil sample from that location for laboratory analysi to comp)ete
thTiskassessment forthEPL. The confirmation sampling will ultimately determine the final
extent of the excavation. Therefore, the excavation area may ultimately increase in size to
include these areas.

It should be noted that TRC has exanedthe targeed remediation areapgrernted in the Phase
III Addendum Report to include soil in the vicinityof mronitoringwell DP-6. This well has
historically contained LNAPL. Approximately 0.2 feet of LNAPL was detected in April 1994,
decreasing to approximately 0.03 feet in 1997, and 0.01 feet in 1998. Recent monitoring reveals
a slight sheen on the water table. Therefore, TRC anticipates that the soil in this area contains
petroleum hydrocarbons that will warrant remediation.

Cross sections of the EPL extending through the approximate excavation areas are shown in
Figures 1-4a through 1-4d.
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Cross Section A-A'

Figure 1-4a shows cross section A to A', a north-south transect across the targeted remediation
area surrounding borings B17 and B18. The subsurface geology as depicted in this cross section

consists of fine to coarse sand and gravel deposits that extend over 10 feet in thickness. In some
areas the gravel thins out with depth.

Based on Petroflag and headspace screening and confirmatory sampling results, the targeted
remediation area is from 4 to 10 feet below grade at boring B17 and from 4 to 8 feet below grade
at boring B18.

Cross Section B-B'

Figure 1-4b shows cross section B to B', a north-south transect along the fence-line of the Site
including the targeted remediation area surrounding borings B12, B13, and B14. The subsurface

geology as depicted in this cross section consists of the sand and gravel deposits described in
section A-A'.

Based on PetroFLAG and headspace screening and confirmatory sampling results, the targeted

area is from 6 to 10 feet below grade. The figure also highlights zones at each boring where

globules of LNAPL (Stoddard fuel) were observed during soil sampling. These zones extend 8.5
to 9.5 feet bgs, below both the seasonal low and high water table elevations observed to date.
Further discussion of the presence of LNAPL appears in Section 1.2.3.

Cross Section C-C'

Figure 1-4c shows cross section C to C', an east-west transect including the two targeted areas
for remediation. Bedrock in the area of boring B7A is approximately 8 feet bgs. Based on
drilling logs for other borings in the Eastern Parking Lot, the bedrock surface drops, extending

more than 30 feet bgs in the area of well EMW-1 IR. The unconsolidated deposits are the same
sand and gravel deposits presented in sections A-A' and B-B', extending from approximately 8
feet at boring B7A to more than 27 feet at boring B23 (per drilling log interpretations in the
area).

Laboratory results at boring B17 (4-10 feet bgs) and soil screening results (both headspace and
PetroFlag) at boring B 14 reveal exceedances, and therefore are included within the targeted
remediation areas. Also included in the targeted area is well DP-6, as discussed above.

Cross Section D-D'

Figure 1-4d shows cross section D to D', an east-west transect through the two targeted
remediation areas through monitoring well PZ-2S and boring B 12 (further south of section C-
C'). According to boring log information, monitoring well PZ-2S is located in the overburden,
and completed on top of the bedrock surface, approximately 7.5 feet bgs. However, log
information for neighboring borings and wells indicate that bedrock is located approximately 5
to 6 feet bgs in the area. Given that the shallow zone of bedrock is highly fractured and
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weathered, it is TRC's opinion that the bottom of the well screen for PZ-2S may be located in the
shallow weathered/fractured bedrock portion of the aquifer. The possibility that monitoring well
PZ-2S extends into rock is reflected on section D-D'. As depicted in section C-C', the bedrock
surface drops further east under the EPL, extending more than 30 feet bgs in the area of well
EMW-11R. The unconsolidated deposits are the same sand and gravel deposits presented in
sections A-A', B-B', and C-C'.

The targeted remediation area includes boring B12, and extends from 6 to 10 feet bgs.

The TRC Phase I Remedial Action Plan Addendum Report, Eastern Parking Lot Supplemental
Soil Sampling report also provided a summary of remaining LNAPL in the subsurface. Based on
the monitoring data collected to date, LNAPL appears to be limited to the area of well P
Historical data has shown that LNAPL in this well fluctuates with season (LNAPL thickness is
generally greatest in the winter months and reduces in summer mojj(( 6i'

During December 1999 and January 2000, TRC manually removed LNAPL from well PZ-2S
using a bailer on a weekly basis. Following six bailing events, the LNAPL thickness reduced to
less than 0.6 feet. Based on these observations, it appears that the well is a preferential collection
point for LNAPL, and the measured thickness is not representative of local aquifer conditions.

Historical data on thickness of LNAPL in well PZ-2S has been presented previously in the
Eastern Parking Lot Area Interim Measure Annual Reports. A summary of LNAPL thickness
data since 1994 is presented in Table 1-2.

Table 1-2
LNAPL Thickness in Monitoring Well PZ-2S

Date LNAPL Thickness (feet)

April 15, 1994 0.85
June 20, 1994 0.22
December 14, 1994 0.39
June 14, 1995 0
December 19, 1995 0.25
June 10, 1996 0.21
December 9, 1996 0.83
June 30, 1997 0.17
December 29, 1997 0
September 11, 1998 0.15
December 23, 1998 0.99
June 23, 1999 0.11
December 6, 1999 1.3
December 20, 1999 1.5
December 29, 1999 0.60
January 4, 2000 0.53
January 10, 2000 0.63
January 25, 2000 0.60
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1.2.2 Current Subsurface Conditions

The original Phase IV Remedy Implementation Plan, as prepared by EMCON in 1998, identified
two areas of soil excavation: one in the EPL and one in the DS area. EMCON based their area
delineations on 1996 data. Based on the supplemental 1999 data, which included more extensive
EPHI/VPH analyses, TRC has been able to refine the delineation of contaminant distributions
remaining in the subsurface. TRC's approximate soil excavation boundaries are based on MA
DEP and MCP protocols commonly used to achieve the established cleanup standards. A

qo "son of the original soil excavation areas and the revised excavation areas is shown in
(tigure 1-5 s is shown in the figure, the revised excavation areas are substantially different and
of less area than that originally proposed.

In accordance with MCP risk assessment protocols as they apply to MA DEP-established
cleanup standards (S-3/GW- I standards), and as previously described in the Phase III Remedial
Action Plan Addendum Report (TRC, March 16, 2000), not every soil sample collection point
above the cleanup standards was included in the approximate area of soil excavation. The reason
for this is that the average overall concentration for each contaminant of any specifc exposure
pomt area (in this case the entire Eastern Parking Lot) must achi th-inustaa,
although individual sample points y exceed the standard. In particular, current MCP
regulations state that as long as th& verageancentration is belo the cleanup standard a least
75% of the data points are at or below the standard, an&Rc' I pint exceeds the standard by
more than a factor of 10, then the cleanup goal has been achieved. Certain locations with soil
cleanup goal exceedances satisfy these three conditions and are not included in the planned
excavation areas. Such sampling locations include Bl 1, B15, and B28 (which have confirmatory
laboratory results). Their individual exceedances do not preclude the overall achievement of the
cleanup goal, and removal of the areas designated by TRC will achieve the cleanup goal for the
EPL.

Chlorinated VOCs

A review of the J.993JMQC data showed only a single data point within the Drum Storage Area
exceedin the S-3/GW-1 standards for a single compound (PCE was detected at a concentration
of 2.8 mg/ in CON boring SB-23 at a .ftept ascRcompared to a S-3/GW-1 cleanup
goal of 0.5 mg/kg). However, using the MCP risk assessment protocols discussed earlier in this
section that allow the use of data averaging, the 1996 VOC data successfully demonstrate a level
of no significant risk for VOCs using Method I S-3/GW-1 standards.

Nevertheless, TRC proceeded to collect samples for VOC analysis in the area of concern (TRC
borings B-l and B-4). No VOCs were detected in any hesamles, including the sample from

bon gg-llogteddimme~ia4tv next tothe EMCONboring that revealedlievated PCE
oncentrati ons. This indicates that the former elevatePCrEees in that discrete area within the

Drum Sorage Area are nojongr~present, most likely due teiiIer volatilization or natural
degradation. Given the lack of any other 1996 or 1999 soil data showing elevated concentrations
of chlorinated VOCs in the EPL/DS areas, chlorinated VOCs can be eliminated as contaminants
of concern and therefore, soil remediation in the Drum Storage Area is unwarranted.
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Stoddard Fuel-Related Petroleum Hvdrocarbons

A review of the 1996EMCON data for TPH analysis showed a total of nine boring locations (out
of 47 locations) where TPH exceeded the S-3/GW-1 soil cleanup goal. These points are not
located near any one area, but are located sporadically in the EPL/DS areas. There were also
substantial areas of the EPL where no samples were collected. The original excavation area
proposed by EMCON was very conservative and included all sample points with soil cleanup
goal exceedances in two large areas - one in the EPL and one in the DS area. As a result, the

pro ose excavtionpres cue znsweeitrno
below cleanup goals were present. In addition, these earlier boundaries were defined exclusively
using TPH results. The use of EPH/VPH data for delineating the need for remediation is now
preferred under the MCP.

The new tagreted_eniediatinarea delineated by TRC ai based on the most recent EPH/VPH
data and are intended to remov jeyjggLfrom those areas that revent the achievement of the4ite leanupRgoal. Both the 1996 and 1999 soil data for petroleum hydrocarbons con ims that
petroleum contamination from Stoddard fuel remains in the EPL soils at levels that require
remediation. The 1999 soil data has given a clearer indication of the remaining levels in the EPL
by providing a more complete characterization and by showing that some biodegradation had
occurred since the 1996 data was collected.

Remaining petroleum contamination is present in the EPL soils at or near the top of the
groundwater table. These impacted soils are located at depths between the seasonable high and
low water table elevations (sometimes also known as the "smear zone"). The remaining
contamiatioisocatein this zone because LNAPL was dragged up and down along the top of
the water table with the seasonal changes in water table elevation. Therefore, soil contamination
with Stodar ue contaminants came to be located in soil in the smear zone, with contamination
depth reflecting the annual changes in groundwater elevation. As such, the soil contamination is
limited to a zone approximately at depths from 4-10 feet from the surface (refer to Figures 1-4a
through 1-4d). At certain samp ling locations (B-12 and B-T13), TRC also identified small
globules of Stoddard fuel in soil below the water table from approximael 85 to 9.fet bgs.

LNAPL

As previously documented in the Eastern Parking Lot Interim Measure Annual Reports,
historical data on LNAPL thickness has shown the presence of LNAPL in well PZ-2S.
However, historical data on LNAPL thickness in the wells closest to and surrounding PZ-2S
(GZA-103, GZA-15, WE-5 GZA-7, GZA-102, and RW-2 have not etected the presence of
measurable LNAPILsince 1992.) The surrounding wells are located at distances between 30 and
100 feet from PZ-2S. Given that LNAPL has been encountered only in PZ-2S and not in these
nearby wells, TRC believes that the amount of LNAPL remaining in the subsurface is limited
and is localized around well PZ-2S. The remaining volume of LNAPL is considered to be very
low, and is not expected to migrate and significantly impact the soils and groundwater in the

PL. TRC's continuing program to periodically remove LNAPLfrom well PZ-23w nrer
retard any migration and impacts.
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TRC Evaluation of Relevance o/Previous Investigation Data

In the MA DEP letter of Conditional Approval of the EPL/DS Phase III Remedial Action Plan
Addendum dated June 9, 2000, MA DEP requested that TRC discuss the relevance of previous
investigation data and consider this data, to the extent relevant, to delineate soil excavation areas.
The data that MA DEP was specifically referring to is data in the Wilmington Soil Sampling
Report (EMCON, 1996).

As discussed previously in this section, TRC did use this 1996 data as a comparison to the 1999
data for both chlorinated VOCs in the DS area and Stoddard fuel-related petroleum hydrocarbons
in the EPL. TRC did not use the 1996 data for the delineation of soil excavation areas, however,
because TRC determined that the old data was not relevant for such determinations. TRC based
this conclusion on the following facts:

SBiodegdatin has taken place since 1996. This was evidenced by the fact that TRC
collected samples in some locations where previous data had shown elevated contaminant
levels and found that the elevated levels are no longer present.

* There have been substantial changes in analytical procedures since 1996. In 1996, TPH
analysis was commonly performeusmg EPA Method 8100 Modified. Since 1997,
EPHIVPH analysis has become the standard methodology for petroleum hydrocarbon
analysis, and MA DEP considers the EPH/VPH analysis to be superior to TPH analysis.
Data from the two methods are not directly compuble t9 one another, ard thus e va eof
the 1996 TPH data is compromised. 4 mel n C -n

= The 1996 dtdid notullchaciethe EPL. The 1999 data set methodology ensured
that more complete characterization would be achieved. The TRC excavation area
delineations are based on samples collected in areas where no previous data was obtained.

1.2.3 Conceptual Model of Subsurface

TRC was able to develop a conceptual model to explain the distribution and occurrence of
contamination in the subsurface within the EPL study area with the data collected during the
Supplemental Sampling Program (as reported in the Phase III Addendum Report dated March
16,2000).

As described in the cross section analysis, the bedrock surface in the Tank Farm Area is shallow,
extending 3 to 5 feet bgs. However, the rock surface drops down to more than 25 feet bgs in the
area of the fenceline (east of the Tank Farm Area), and further increases in depth across the EPL
toward the wetlands. Recent water table measurements indicate -that the water table fluctuates
from 5.6 to 6.1 feet bgs. Historically, significantly wet or dry years increase the water table
fluctuation.

Any LNAPL that accumulates on top of the water table will move up and down through the
aquifer as the water table changes in elevation. In the unconsolidated portion of the aquifer
(sand and gravel deposits) the fuel adsorbs to the sand and gravel as the water table fluctuates,
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creating what is referred to as a "smear zone" of residual Stoddard fuel (i.e., petroleum
hydrocarbons).

As described in the Remedial Investigation - Progress Report prepared by Goldberg-Zoino &
Associates in December 1988, Stoddard fuel was stored in the Tank Farm Area, including
Stoddard fuel. These associated underground storage tanks (USTs) were located within a

"grave" constructed in bedrock to accommodate the tanks. Therefore, any release of fuel from

the USTs would have either migrated through a thin layer of overburden (approximately 3-5 feet
in thickness) around the tanks, or through shallow fractures in the rock in the direction of

groundwater flow (eastward), depending on the location and depth where the release occurred
(i.e., supply line leak, surface spill, tank leak, etc.)

Today, only residual contamination appears in the EPL area, and an isolated area of LNAPL
appears at well PZ-2S. In monitoring well PZ-2S, a narrow smear zone most likely has

dsygQpced. However, field monitoring hasishown that as the water table drops into the fractured
rock portion of the aquifer, the thickness of LNAPL decreases and sometimes disappears. Given
these observations, it appears that the LNAPL is adsorbed to the soils, and releases when the
water table rises. LNAPL is still detected on the water table in well PZ-2S. However, given that

LNAPL has not been detected in any of the neighboring monitoring wells, TRC believes that the
mass amount of free product remaining is very small and localized around PZ-2S.

At certain sampling locations (B-12 and.B-13), TRC identified small gjobuiles.ftoddard fuel in
soil below the water table. The presence of these globules was unexpected since this matenia
would tend to float on the water table and no floating product was observed in these locations.
Locations B- 12 and B- 13 are located bedneartheeock drpff. TRC believes these globules are
the result of very small amounts of Stoddard fuel beingjreeasd from the shallow bedrock
fractures into the overburden below the water table at these locations. Today, the amount of fuel

is either not sufiititobcoimafree-phase that would irt^upward to the water table or is

trgppAwithin the soil matrix. This conceptual flow pathway of LNAPL through shallow
bedrock fractur esibledton Figure 1-4d (Section D-D').

It is unclear how the Stoddard fuel was released. However, based on the present day distribution
of contamination and the appearance of LNAPL globules below the water table along the
bedrock drop-off, it is possible that Stoddard fuel released in the Tank Farm Area migrated
through shallow bedrock fractures to the east, in the direction of groundwater flow. The LNAPL
would tend to stay in the shallow fractures because it is less dense than water and has a tendency
to float. Some of the LNAPL that entered the fractures would have followed the groundwater
migration pathways until emerging in the sand and gravel deposits in the EPL under the water
table. In some areas, the LNAPL floated to the top of the water table and continued to migrate
east.

The LNAPL was removed during product recovery operations in 1991-1992 from recovery wells
RW-1 and RW-2. However, given the most recent data regarding the subsurface conditions,
residual contamination remains trapped from adsorption onto soil (4 - 10 ft bgs), and is not of
sufficient concentration to e released as LN onto the water table across the area.
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1.3 Work Rationale

As previously discussed, MA DEP has previously established the site cleanup goals as the
Method 1 S-3/GW-1 standards (individual soil contaminant cleanup standards are shown in
Table 1-1). In the EPL Area, remediation is limited to soil impacted with EPH/VPH.
Remediation is based on the removal of EPH/VPH to achieve the S-3/GW- 1 soil standards.
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2.0 MANAGEMENT

2.1 Project Organization

2.1.1 Key Contacts

The responsible party for this site and for implementation of this RIP is TRC Environmental
Corporation (TRC). The contact person at TRC is:

Paola Macchiaroli, Ph.D., Project Manager
TRC Environmental Corporation
Boott Mills South, Foot of John Street
Lowell, MA 01852
(978) 656-3582

The Licensed Site Professional (LSP) of Record is:

Mr. Bruce Hoskins, LSP #7109
URS Corporation
5 Industrial Way
Salem, NH 03079-2830
(603) 893-0616

2.1.2 TRC Personnel

TRC's remediation team will be led by a field program supervisor or site manager. The TRC
project field team will include a Site Manager/Health and Safety Officer, a Project Engineer, and
engineering assistants and technicians as needed. The Site Manager/Health and Safety Officer
will remain onsite throughout the duration of the field effort. The LSP will also be onsite as
needed. The LSP is responsible for ensuring that all work is performed in accordance with the
MCP and other applicable regulations. The LSP will ensure that the work performed does not
deviate from the goals described in this RIP and that established remediation objectives are met.

2.2 Schedule

It is the intent to begin excavation at a time when the groundwater table is at its lowest point.
Therefore, anticipated field start time is in the beginnin of September, 2000. If the remedial
action is delayed, it will have significant impacts on the ability to perform the response action in
a timely and safe manner. Schedule delays could result in the following:

1. Excavation at a time with an elevated groundwater table will significantly increase the time
necessary to complete excavation and generate more wastewater requiring disposal.

2. During the autumn and winter months, the ability to remove contaminated materials could be
reduced as disposal facility capacity decreases (e.g., facilities that recycle petroleum
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impacted soil are limited by cold weather). This could impact the ability to remove the
contaminated soil in a safe and timely manner.

3. Additional health and safety issues will occur if excavation is performed during colder
weather or when the water table is higher. Hurricane season also begins in late September,
and such weather patterns must be considered as health and safety concerns.

Therefore, TRC has setefeIr 5,200s the latest possible excavation start date for the
2000 work season. Every effort will be made to achieve this goal. If excavation cannot begin
before this date, then the field actions will need to be postponed until the summer of 2001.

The proposed timeline for the Phase IV activities is as follows:

" August 1, 2000 - Public meeting for this RIP in accordance with the site Public Involvement
Plan

- August 10 2000 - End of public comment period
* uu82000- MA DEP approval of thRIP
- September 5, 2000 - Begin soil excavation
- September 19, 2000 - Complete soil excavation
" October 3, 2000 - Complete site restoration
= October 30, 2000 - Complete installation of new and replacement groundwater wells
- November 7, 2000 - Complete sampling of new and replacement wells
m December 23, 2000 - Submit Phase IV Final Inspection Report

2.3 Inspections and Monitoring

Inspections and monitoring will be conducted to ensure adequate performance of the remedial
action. The types and frequencies of inspections and monitoring are described in Section 4.3.

2.4 Deliverables

Following the completion of field activities (soil excavation and off-site disposal), a Phase IV
Final Inspection Report will be prepared. The Final Inspection Report will document the
findings of the inspection as conducted by the LSP. The final inspection will ensure that the
remedial action has been performed in accordance with the RIP and has met the objectives. The
Final Inspection Report will be accompanied, if applicable, with a Phase IV Completion
Statement; this will include an opinion by the LSP as to whether the RIP implementation has
been completed in accordance with the MCP.
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3.0 ENGINEERING DESIGN

3.1 Remedial Action Goals and Performance Requirements

Response actions in the EPL Area are limited to soil. The remedial action goals for soil cleanup
are the MCP Method 1 S-3/GW-l standards. These standards for the contaminants of concern
are listed in Table 1-1, and are discussed in Section 1.2.1.

The Method 1 S-3/GW-I standards were selected by MA DEP as being appropriate for the site.
GW-1 represents potential drinking water aquifers, which is appropriate for the site area. S-3
soils represent soils which have the lowest likelihood of contact by people. This standard is
appropriate for the site as it is used for industrial purposes and will continue to remain such for
the foreseeable future. Also, the vast majority of the site is either paved or covered by buildings.

Under MCP regulations, the use of the S-3/GW- 1 standards assumes that residual soil
contamination will remain, but remaining levels will not be a significant risk to human health or
the environment. However, the use of these standards will limit future site use. Use of the S-
3/GW-1 standards assumes the following conditions:

" Groundwater is to be used for drinking water purposes either currently or potentially in the
future.

- Soils are to be either at substantial depths (greater than 15 feet) or otherwise paved or
covered by a building structure.

" AULs are required at the site to prevent unauthorized use.

Ultimately, when field remedial response actions have been completed and the S-3/GW-I has
been achieved for soil, an AUL will need to be placed on the property to disallow certain site
uses and activities. Site use limitations that will be required by the use of the S-3/GW-1
standards include the following:

" Current and future site use is limited to adult commercial or industrial use.

" Residential and public site use is prohibited.

" Institutional, educational, or commercial uses where children are present (i.e., day care,
school, hotel) are prohibited.

" Soils that exceed the GW-1/S-1 criteria (i.e., residential criteria) must remain covered by
pavement or permanent building structures to prevent direct contact.

Specifically, all uses other than commercial/industrial will be prohibited and the soil in the EPL
area will have to remain paved or otherwise covered to prevent direct contact with the soil.
These limitations may inhibit the future use of the site. The AUL is required under the MCP
unless response actions have removed sufficient contamination to allow unrestricted uses of the
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site. In the 1993 Phase IIIRemedial Action Plan, prepared by Wehran Engineering, it was
determined that is was not feasible or cost effective to remediate the site to unrestricted use
conditions. MA DEP accepted this conclusion.

Alternative to Improve Site Reuse Options

In an attempt to reduce some of the eventual property use restrictions, TRC prepared a

preliminary Method 3 site-specific risk characterization in accordance with MCP protocols using

data in the EPL Area. This risk characterization is not mt n e
field actions and contaminated soil removal, but to see if the level of cleanup expected to result
from this RIP would result in a sufficiently low level of residual risk to reduce the future use

restrictions.

In the Method 3 approach, total risk levels were calculated for several human exposure scenarios

(e.g., future site resident, commercial worker, and construction/utility worker). Under current
conditions, there is a significant risk to both the future site resident and site commercial worker;

this was an expected conclusion and validates the need for soil remediation in the EPL Area.

However, using the projected soil excavation areas determined using the Method 1 S-3/GW-1
approach, the Method 3 risk assessment shows that a level of no significant risk could be
achieved for the future commercial worker without the need for soil pavement or covering. The
level of post-remediation risk would still be unsuitable for future residential use.

These results are preliminary and would need to be finalized using soil data collected during and
afler the completion of soil removal activities. They indicate, however, that if a Methed 3risk
assessment is allowed b A I. P once Method 1 S_/G - cleanup lgit&imeachieved, a
lower level of residual risk could be demonstrated without changing the field soil remediation
plan.~ The advantage ot fsingtliet Whodt3tToiildbelianing tu n1Meiv&-a
l restrictions than would be required under the Method 1 S-3/GW-I approach. This would

allow more flexibility in future commercial site use while still ensuring a level of no significant
risk.-

The preliminary Method 3 risk characterization is presented in

As an alternative to the Method 3 approach, Method I S-2/GW-1 standards could also be used to

limit site restrictions in the same way as the Method 3 approach. Use of the S-2 standards for
site cleanup goals will limit future site use to industrial or commercial activities and permit

limited human access to the soil. The Method 1 S-2/GW-1 standards are more conservative than
the S-3/GW-1 standards and require a higher level of cleanup. If the S-2/GW-I standards are
achieved, then less site use restrictions would be necessary. A comparison of the S-3/GW-I and

S-2 GW-I standards for EPL contaminants of concern are shown ircThble 3-I)
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Table 3-1
EPL Area Soil Remedial Action Cleanup Standard Comparison

CONTAMINANT OF CONCERN S-2/GW-1 S-3/GW-1
STANDARD STANDARD

(MG/KG) (MG/KG)
Volatile Petroleum Hydrocarbons (VPH)
C5 - C8 Aliphatic Hydrocarbons 500 500

C - C12 Aliphatic Hydrocarbons 2,500 5,000 %

C - C10 Aromatic Hydrocarbons 100 100
Extractable Petroleum Hydrocarbons (EPH)

9 - C18 Aliphatic Hydrocarbons 2,500 5,000 "

C19 - C36 Aliphatic Hydrocarbons 5,000 5,000

C1 - C22 Aromatic Hydrocarbons 200 200

Therefore, the following approach will be used by TRC to determine the degree to which the
remedial action goals have been achieved:

" The final database of soil data quality in the EPL will be compared to the Method 1 S-3/GW-
I standards as the established site cleanup goals. Applicable MCP risk assessment
regulations and protocols will be utilized in performing this Method I characterization.

" If the S-3/GW-1 standards are not achieved, additional remediation will be necessary.

" If the S-3/GW-1 standards are achieved, then the remedial goals are achieved and no further
remediation will be necessary to satisfy the requirements of this RIP.

- Once the goals are achieved, the soil database will be compared to the Method I S-2/GW-l
standards to determine if these more restrictive goals have been concomitantly achieved.

- If the Method 1 S-2/GW-l standards have been achieved, then less restrictive AULs will be
sought and no Method 3 risk characterization will be performed.

- If the Method 1 S-2/GW-1 standards have not been achieved, then a site-specific Method 3
risk characterization would be performed to determine whether a less restrictive AUL can be
supported.

3.2 Significant Changes/New Information

There have been no significant changes in or new information related to conditions within this
area of concern, which were not included in previous submittals. The Phase III Addendum
Report for the Eastern Parking Lot was submitted to the MA DEP on March 16, 2000. There
have been no on-site activities conducted in the Eastern Parking Lot since the soil sampling that
was documented in the Phase III Addendum Report.

L2000-208 17



3.3 Remedial Action Area Description

The EPL area is currently paved and utilized by AMETEK for parking. Utilities including

electrical, drainage and sanitary sewers are located within the proposed area of excavation.

Soil exceeding the cleanup criteria is located within the western portion of the EPL. The Phase

III Addendum Report defines the horizontal and vertical extent of the contaminated soil based on

laboratory and screening data.

The proposed limits of soil excavation include two specific areas as shown in Figure 1-3. The

first area is centered around sample locations B-12, B-13, and B-14, with the most heavily

contaminated soil to be removed located at the 6 to 10 bgs depth region. The second area is

located around sample points B- 17 and B- 18, with contaminated soil to be removed at the 4 to 8

feet bgs depth range. The conditions in the EPL area can be summarized as follows:

- The bedrock surface drops abruptly to the east, to depths greater than 10 feet in the EPL.

- The distribution of LNAPL in the overburden, and related EPH and VPH compounds appear
to be related to a single release (presumably from the former Tank Farm).

- There ine anoniay- o this model. Soils located in theare of B-18-also exhibit elevated

concentrations of EPH and VPH compounds. It is possible thatseparate surface spill may

be the cause of this seemingly separate area of impact.

- Scattered LNAPL globules are present in soils under the water table, immediately beyond the

bedrock "drop-off' (borig and B-13). The presence of globules of LNAPL under the

water table is unexpected, given that the Stoddard fuel (as LNAPL) would tend to float on

top of the water table. In addition, a depression in historical water table elevations cannot

account for the presence of LNAPL at 8 to 10 feet bgs. These globules most likely are

attributed to the past migration of LNAPL through bedrock fractures in the area of PZ-2S.

The LNAPL likely seeped from a bedrock fracture system located under the water table into

the overburden, and is either trapped in the soil matrix or remains of insufficient mass to

behave as a floating product.

The approximate total volume of soil to be excavated is 5,450 cubic yards, with approximately

2,560 cubic yards representing contaminated soil to be disposed offsite. The remainder of the

soil represents uncontaminated soil located in the shallow depths above the contaminated soil;

this soil will be used for on-site backfill following appropriate field screening.

3.4 Remedial Action Conceptual Plan

The general remedial action plan for the EPL Area is for soil excavation and off-site disposal for

the most heavily contaminated soils located in the Eastern Parking Lot. Remedial action plan

specifics are detailed in Section 3.5.
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Soil will be excavated in the areas designated in Figure 1-3. All necessary safety, security and

erosion/sedimentation control measures will be implemented prior to remedial activities. As

necessary, dewatering activities will take place in the excavation. Removed groundwater will be

stored temporarily in-an on-site storagetank and will ultimately be taken offsite for disposal at a

licensed facility. The upper uncontaminated soil will be stockpiled onsite and used as backfill.

The contaminated soil will be removed and placed directly in trucks for offsite disposal at a

licensed facility. If necessary, some contaminated soil may be placed in secured and covered

roll-off containers for temporary storage. All efforts will be made to transport these filled roll-

off containers off-site for disposal the following day. Field screening will be used to delineate

the extent of the canniions,anpos-excavationsoil samples will be collected and analyzed to

confirm that cleanup goals have been achieved. Excavations will be backfilled with previously

excavated uncontainatedsoil (per field screening) and clean soil from off-site sources. py.

groundwater wel.s (except recovery well RW-1),was well as any utility lines disrupted during

excavation will be replaced and the parking lot will be restored to its original surface. After the

restoration, additional shallow overbyr gundwater wells would be installed in the EPL.

These wells would be sampled periodically for EPH/VPH to determine groundwater quality in

the EPL.

In addition to the excavation, active LNAPL recovery will be performed on well PZ-2S.

Vacuum extraction on this well will occur on a monthly basis (dunng months where rJAPL is

pnTh iiWet1;ll) until the LNAPL thickness is reduced to less than 1/8 inch. Monitoring of

this well will continue ~o be part- M e E17 hiitoring prog R nt0c( a
3.5 Design and Operating Parameters

This section describes the tasks to be conducted and the requirements to be followed during

remedial activities in the EPL Area. Significant modifications to the procedures outlined in this

section due to field conditions or other unforeseen conditions will be recorded in the field book.

The LSP will be notified of any major modifications necessary; the LSP will approve such

modifications before they take place.

State and local permits (if applicable as described in Section 6.0), will be acquired prior to

mobilizing and conducting remedial activities.

The site-wide Health and Safety Plan (HASP), described in Section 5.0, will be used as the base

HASP during EPL Remedial Activities. This HASP covers all investigative and remedial

activities that will be conducted at the former GE Facility. Project-specific health and safety

activities and concerns not addressed in the site-wide HASP will be added via amendment.

TRC has included Division II construction specifications in Appendix B, detailing all anticipated

site work activities. The Division I specifications (general requirement) that include confidential

information will be provided to MA DEP after bidder solicitation and selection of a remedial
contractor, prior to implementation of this RIP.
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3.5.1 Remedial Design Criteria, Assumptions, Calculations

The aerial extent of the proposed soil excavations are shown in Figure 1-3. Geologic cross-
sections showing the depths of the excavations are included as Figures 1-4a through 1-4d. There
are two specific areas selected for soil removal based upon the confirmed presence (based on
laboratory data) or suspected presence (based on screening data) of the highest contaminant
concentrations that result in the majority of area risk. The first area is centered around sample
locations B-12, B-13 and B-14 with the most heavily contaminated soil to be removed from the 6
to 10 ft depth region. This results in the planned removal of approximately 1,360 cubic yards of
soil for treatment, recycling or disposal. The second area is centered around sample points B-i 7
and B-I 8 with contaminated soil to be removed from 4 to 8 ft and 4 to 10 ft depths. This would
result in the removal of approximately 1,200 cubic yards of contaminated soil.

Field screening and confirmatory soil samples (as detailed in Section 4.0) will be collected at the
limits of the excavation. If such samples indicate the presence of elevated concentrations of
contaminants (as defined in Section 4.3), excavation will continue until the levels are confirmed
to be within the cleanup goals for the area. Once excavation is complete, a reevaluation of risk
will be performed to evaluate and establish a condition of no significant risk for current and
future commercial site use.

3.5.1.1 Site Preparation

Proposed excavation areas, as shown on Figure 3-1, will be marked prior to remedial activities.
TRC will coordinate with AMETEK (current occupant) to determine the location of underground
utilities in the areas where excavation and remedial activities will take place. In addition, all
other available utility markout procedures, including the use of Dig-Safe, will be employed to
ensure that no additional privately-owned utilities are located within the vicinity of remedial
activities. Locations of utilities will be clearly marked.

The Outfall 001 drainage line (shown in Figure 3-1) has already been identified to exist in the
proposed excavation area. This drainage line is currently active and discharges storm water and
non-contact cooling water under a NPDES permit to the wetlands. Should the drainage line be
breached in the area of the proposed excavation, the line will be repaired to prevent leaking.

Other activities that will be conducted prior to remedial activities include:

- Establishing existing site grades to ensure that these grades are reestablished after excavation
activities;

- Installation of erosion and sedimentation controls (described in Section 3.9);

- Identifying haul road and staging areas for equipment, supplies, clean soil stockpile and
dewatering storage tanks (described in Section 7.0); and
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- Establishing an Exclusion Zone for the remedial action in which only those involved with the
remedial action will be allowed entry. A tempora barrier will be erected at the boundary of
the Exclusion Zone to restrict unauthorized personnel. t/'

3.5.1.2 Excavation and Dewatering Activities

During all excavation and dewatering activities, site health and safety monitoring will be
conducted in accordance with the HASP. Groundwater dewateing will be necessary as the
proposed limit-ofthe excavation is below the groundwater table. Appropriate measures, as
detailed indection 3.9 ill be maintained to minimize impacts to the environment.

As previously discussed, excavation activities will commence in the area of the drainage line for
Outfall 001 to determine if it is dama edorleakin such that significant quantities of water
cou be released into the excavation. If this is so, the line wi e repaire prior o a ditional
excavation.

Excavation and backfilling activities will progress along the portions of the excavation areas in
stages as opposed to performing excavation in all areas prior to any badkhfiT ii hs ll
minimi e related safety concerns and the impact of rainfall events on site operations.

Asphalt pU

The asphalt in the area of excavation will be cut and removed prior to soil excavation. The
contractor will dispose of the asphalt at an approved facility.

Uncontaminated Surface Sod

Soil sampling efforts performed prior to this RIP indicate that soil at shallower depths is
uncontaminated and therefore can be retained on site to be used as backfill. It is anticipated that
approximately 2,890 cubic yards of clean soil will be retained and used as backfill. In the
proposed excavation area around B12, B13 and B14, soil excavated to a depth of 6 feet will be
retained on-site and used as backfill. In the proposed excavation area around B17 and B18, soil
excavated to a depth of 4 feet will be retained on-site and used as backfill.

To ensure that the surface soil is not contaminated, composite sample§ will be collected from
each 100 cubic yards of soil removed and field screened usin the PID headspace screening
method (as describednSetion40fffontamiate il is encounltli4e'dUWiVtoi bSreTrIgated
from the uncontaminated soil and will be managed as contaminated soil, following the
specifications in Appendix B. The uncontaminated soil will be stockpiled onsite and will be
segregated from contaminated soil areas to prevent cross-contamination. Stockpiling of the
uncontaminated soil, including erosion control, will be conducted following the specifications
detailed in Section 3.9.
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Stoddard Fuel Contaminated Soil

In the area of sample points B12, B13 and B14, approximately 1,360 cubic yards of
contaminated soil will be excavated from the 6 to 10 ft depth region. In the area of sample points
B 17 and B18, approximately 1,200 cubic yards of contaminated soil will be excavated from the 4
to 8 ft and 4 to 10 ft depths. Soil Excavation calculations are included as Appendix C.
Excavation activities will be conducted in a manner that will reduce fugitive dust and odors (as
described in Section 3.9).

The contaminated soil is planned to be directly loaded into trucks and immediately transported
off site to the licensed treatment, recycling or disposal facility. Analytical data collected during
the previous investigations in the EPL area are to be used to obtain pre-approval of soil
acceptance from the disposal facility prior to excavation activities. The trucks hauling
contaminated material off site will be fitted with a snuggly fitting tarp to prevent material and
debris from flying out of the truck. The soil will be suitably dewale priorto leaving the site to
prevent free water from developing during transport to the disposal facility. In addition, the
trucks will be decontaminated, if necessary, following the procedures outlined in Section 3.9.

In the event that a sufficient number of trucks are not available to maintain progress with soil
excavation, the contaminated soil will be loaded into roll-off containers for transport off site the
following day. The contaminated soil will be managed following the specifications in Section
3.7. The roll-offs will be covered and secured in the work zone, and appropriate
sedimentation/erosion and odor controls will be implemented.

Groundwater Dewatering

Because the limits of the soil excavation extend beneath the groundwater table, localized
groundwater dewatering will be required. Temporary dewatering sumps will be installed in each
excavation to lower and maintain groundwater levels below depths required for soil excavation.
Dewatering operations will be conducted in a manner that does not cause disturbance to pipe
bedding or soil supporting overlying or adjacent structures. Dewatered conditions will be
maintained during active work periods until regrading activities are completed.

The pumped gndter will be stored in a on-site 2Q90-galll above ground
storage tank (AST), which will be periodically, pumged out during.excavationac sfor
JIspsi aitlliensed off-site facility. This water will be managed following the specifications in
Section 3.7 in accordance with applicable local, state, and federal requirements and permits. It is
anticiaed that approxiate ly I IQ00-gag sof-grqundwate will be pumped during excavation
activities. However, the 20,000 gallon AST will be used to provide for contingency volume.

c ntflirmLato<&S in2

Soil samples will be collected for fieiddscreenin at the limits of the proposed excavations. Field
screening will be conducted following the procedures outlinedrin Section 41 If-the screening
samples indicate that cleanup goals for the area are met, confirmationsoil samples will be
collected for laboratory analysis. The proce duFesfr-f ifirmation soil sampling are detailed in
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Section 4.0. If the screening samples indicate the presence of contaminants above the cleanup
goals for soil, excavation will continue until field screening indicates the cleanup goals for soil
are met. Excavation activities will continue until contaminant concentrations are confirmed by
laboratory methods to be within the cleanup goals for the area.

3.5.1.3 Backfilling/Compaction and Paving

Once excavation activities are completed, backfilling will occur. The stockpiled uncontaminated
soil and certified clean sand and gravel from off site sources will be used as the backfill
materials. The fill will be placed into the excavation and built up in successive layers until the
required elevations are reached. The fill will be brought up on essentially level lifts not
exceeding twelve inches in uncompacted thickness and will be placed in levels by standard
methods. Each layer of material will be compacted so as to secure a dense, stable and
thoroughly compacted mass. Filling operations will continue until the fill has been brought up to
the finished grade, making proper allowances for thickness of surface treatment.

The excavated areas will be uniformly graded so the finished surfaces are returned to the original
grades. The finished surfaces to receive pavement and stone bases will be graded to be
reasonably smooth and free of irregular surface drainage. The final grading will be performed in
such manner as to provide proper drainage from the site.

A 8-inch modified crushed stone sub-base will be installed under the areas to be paved, and 2-
inches of bituminous concrete pavement will be applied. All materials and work will conform to
those specified in the latest edition of the Standards Specifications for Highways and Bridges,
Commonwealth of Massachusetts, Highway Department. A tack coat will be installed at the
connection of existing and new bituminous concrete. Finished paving will conform to the finish
grade and elevations of the surrounding topography and the paving surface will be a uniformly
closed, dense and smooth surface to allow complete surface draining.

3.5.1.4 Groundwater Monitoring

During soil excavation, all attempts will be made to maintain the existing groundwater wells
located in the soil excavation area (GZA-105, WE-105R2 .hf any of the monitor wells are
destroyed during soil excavation, they willbe re aced in kind after the parking lot restoration is
completed. Recovery well RW- 1 will be removed and not replaced as recovery actions were
completed in 1992. In addition, three new shallow overburden groundwater wells will be
installed in the parkinglotafter restoration is complete. The approximate locations of the new
wells are shown in figurel he new wells will extend approximately 12 -15 feet bgs. These
wells will be installed as permanent I-inch diameter microwells.

The existing and new wells in the parking lot will be sampled for EPH and VPH. Samples to
establish a baseline condition will be collected within two weeks after well installation.
AddiTnai samples will be collected six montsafter insiafioiinTfTThffreer to
document any changes in EPHIVPH concentrations. The purpose of this monitonng is to
document that recontamination of groundwater underlying the EPL does not occur after sgil
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removal, as for example, from the unlikely migration of remaining LNAPL (Stoddard fuel) from
the well PZ-2S area.

In the June 9, 2000 letter issued by MA DEP on the conditional approval of the EPL/DS Area
Phase III Addendum, MA DEP requested that groundwater sampling be performed prior to soil
excavation. In subsequent discussions with MA DEP, it was decided that a more appropriate
baseline for groundwater conditions would be provided if sampling is performed after soil
excavation is complete. There are currently not enough wells atdifering locations in the EPL to
provide a good baseline (new wells will be installed after soil excavation), and the purpose of
groundwater monitoring is to detect if groundwater is recontaminated in the future (groundwater
sampling before excavation will only document pre-remedial contaminant levels and
groundwater quality should improve substantially after remediation).

3.5.1.5 LNAPL Recoveryfrom Well PZ-2S

As previously discussed in Section 1.0, Stoddard fuel as LNAPL has been periodically present in
well PZ-2S. The presence of LNAPL is a seasonal event when the groundwater table is at high
levels. Since LNAPL has not been documented mI surrounding wells, there is no indication that
there is a substantial quantity of Stoddard fuel remaining as LNAPL in the subsurface. To
enhance LNAPL recovery from well PZ-2S, the well will be widened (a new well with a larger
diameter will be installed in the PZ-2S location). This largerwellwil undergo vacuum
extraction on a monthly basis. This extraction will continue until the measurable LNAPL
thickness in the well has been permanently reduced to below 1/8 inch thickness.

3.5.2 Expected Efficiency

The proposed design is considered to be a highly effective approach to achieve a Permanent
Solution for the contamination associated with the Stoddard fuel release(s). All remedial action
goals for the EPL area would be fulfilled, including reducing Stoddard fuel concentrations in
soil to levels that would not represent an unacceptable risk to human health and the environment
for the continued and planned future commercial use of the site.

Excavation and off-site disposal is a common technology with proven performance in site
remediation. Excavated soil and dewatered groundwater will be effectively managed off site at
appropriate treatment and/or disposal facilities.

3.5.3 Construction Plans and Specifications

Detailed remedial action plans and specifications are included as Appendix B.
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3.6 Emergency Control Features

The following spill prevention measures will be used to prevent and/or control any accidental
release of fuels, decontamination fluids, or other potential waste materials including groundwater
generated during dewatering:

" Care will be taken when transferring soil or groundwater; work will be performed in a
methodological manner.

- Coverings will be established and maintained around catch basins.

m A containment dike will be constructed around filled soil roll-off containers (if applicable).

" Storage tanks and containment structures will be inspected on a daily basis for leaks.

- Where spills, leaks, or ruptures may occur, adequate quantities of spill containment
equipment will be stationed in the immediate area. The spill containment equipment must be
sufficient to contain and isolate the entire volume of hazardous substances being transferred
or stored.

" A fire extinguisher meeting 29 CFR Part 1926, Subpart F, will be on hand and ready for use
to control fires.

All reasonable measures necessary will be taken to ensure that spills or releases of oil and
hazardous materials do not occur or spread. Immediate measures will be taken to control and
contain the spill within the immediate location (where feasible) or site boundaries. All reporting
and cleanup activities will be conducted in accordance with all applicable regulations.

The following minimum equipment will be kept on-site at all times during site work activities for
any unexpected spills or discharges:

* Sand, clean fill and absorbant pillows
- Drums (55 gallon, U.S. DOT 17-E or 17-H)
N Shovels
a Steam cleaner for decontamination of tools and equipment

Should a spill or release occur, the liquid will be contained by the berm/dike materials. The spill
will be removed using absorbents, pumps, and/or vacuum equipment, as appropriate, and
disposed of in accordance with state, federal, and local guidelines. Before continuing work in
the vicinity of the release, the cause of the spill or release will be determined and corrective
action measures will be instituted.

TRC will immediately notify the AMETEK Environmental Manager (or designed alternate) in
the event of a material release.
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The Licensed Site Professional (LSP) for the site, Mr. Bruce Hoskins, will also be contacted
immediately following a spill. If the spill is outdoors, the LSP will determine if a reportable
condition exists under 310 CMR 40.0300. If a 2-hour or 72-hour reportable condition exists, the
LSP will then notify MA DEP of the reportable condition. If a 120-day reportable condition
exists, MA DEP will be notified in writing.

3.7 Waste Management Plan

This Waste Management Plan (WMP) has been developed to establish required procedures and
protocols for identifying, containing, labeling, storing, handling, and disposing of Stoddard fuel
contaminated materials that will be generated during remedial activities at the EPL area. These
materials include Stoddard fuel contaminated soil, groundwater and personal protective
equipment (PPE).

3.7.1 Work Plans and Procedures

To prevent both exposure to remediation workers and migration of contamination, work areas
and PPE requirements will be clearly identified. All signs required by federal and state
regulations will be posted to give notice of the work area to site personnel and visitors prior to
remedial activities.

An exterior sign will be posted detailing whom to notify in case of emergency, including points
of contact, job title, and phone number(s) where the contact may be reached 24-hours a day. The
proposed limits of the work area, as shown in Figure 3-1, will be delineated during site
preparation activities. An exclusion zone will be established around the work area and
temporary caution tape, safety fences, and traffic cones/drums, as appropriate, will be installed
outside the active work area prior to startup of remedial activities. Pedestrian traffic will be
rerouted as necessary by TRC and AMETEK staff. All visitors will be required to sign in and
will not be allowed within the work exclusion zone without providing documentation of
appropriate training and medical monitoring.

Air monitoring for VOCs and dust will be performed as described in the HASP. The HASP will
be used as a guideline for monitoring procedures. Detailed procedures for truck
decontamination, if applicable, prior to transport of contaminated soil off site are contained in
Section 3.9.

3.7.2 Waste Materials

Soil

As previously discussed, TRC estimates that approximately 2,560 cubic yards of contaminated
soil will be generated during remedial activities at the EPL area. Approximately 1,360 cubic
yards of contaminated soil will be generated from the excavation in the vicinity of borings B 12,
B 13 and B 14, and approximately 1,200 cubic yards of soil will be generated from the excavation
in the vicinity of borings B17 and B 18.
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Groundwater

Because the limits of the soil excavation extend beneath the groundwater table, localized
groundwater dewatering will be required. TRC estimates that approximately 11,000 gallons of
groundwater will be pumped during excavation activities. This water may contain low
concentrations of Stoddard fuel constituents and chlorinated VOCs.

Personal Protective Equipment (PPE)

Any spent PPE will be containerized in pails and/or drums, characterized for off site disposal,
and disposed.

3.7.3 Waste Storage

Soil

The contaminated soil is planned to be directly loaded into trucks and immediately transported
off site to the licensed disposal facility. Analytical data collected during the previous
investigations in the EPL area will be used to obtain approval from the disposal facility prior to
excavation activities. The trucks hauling contaminated material off site will be fitted with a
snuggly fitting tarp and the soil will be suitably dewatered prior to leaving the site to prevent free
water from developing during transport to the disposal facility. In addition, the trucks will be
decontaminated, if necessary, following the procedures outlined in Section 3.9. In the event that

trucks are not available to maintain the plan for direct filling and immediate transport, the
contaminated soil will be loaded into secured and covered roll-off containers for transport off site
the following day. Necessary precautions as specified in Section 3.9 will be maintained to
prevent impacts to the environment.

Groundwater

The pumped groundwater will be stored in a temporary, secured on-site 20,000-gallon AST,
which will be periodically pumped out during excavation activities for disposal at a licensed off-
site facility. Safety procedures, as outlined in Section 3.6, will be followed to ensure
containment and control of any potential spills and/or releases.

3.7.4 Waste Characterization/Transportation/DisposaI

Because the contaminated soil is to be immediately transported off site for disposal at a licensed
facility, approval will be obtained from the disposal facility prior to commencement of
excavation activities. Soil analytical results from previous EPL investigations will be used to

characterize the soil. Additional soil characterization for soil disposal will be conducted during
excavation to provide data as required by the soil disposal facility.

In addition, analytical data will be required to characterize the groundwater that will be
generated as a result of dewatering activities. Water samples will be collected from the
temporary AST to determine contaminant content and disposal requirements. It is presumed that
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all groundwater will be characterized as nonhazardous and will be disposed as MCP remediation
waste (wastes that are generated by MCP remedial actions and are properly managed under the
MCP regulations).

Laboratory analysis of all waste materials will be consistent with state and federal requirements
for off site disposal and within the proposed disposal facility's operating permit.

Waste profile sheets will be completed for submittal to a licensed and appropriate disposal
facility for acceptance. TRC will review the current status of the selected disposal facilities to
confirm that the current operating permits are in compliance with applicable state and federal
regulations. The contaminated soil and groundwater will be transported under a Massachusetts
Bill of Lading Form.

An authorized representative from TRC will be on site at the time of shipment to sign the Bill of
Lading as the generator. Trucks transporting contaminated soil or water will be weighed using a
certified scale, upon arrival at the disposal facility. A weight ticket will be generated for each
arriving truck and will be used to keep a running total of contaminated soil or water sent for
disposal. Copies of the weight tickets will be maintained by TRC. Contaminated soils and/or
water arriving at the disposal (processing or recycling) facility will be handled in accordance
with the requirements of the facility permit. The original Bill of Lading Forms will be submitted
to the MA DEP after they are returned to TRC by the disposal facility.

3.8 Site-Specific Features Potentially Impacted by Remedial Action

3.8.1 Existing Site Operations

Site access and remedy implementation will be coordinated with Wilmington Trust, the current
site owners, and AMETEK, the current tenant that occupies Buildings 1, 1 A and 3 and utilizes
the parking area. The proposed excavation will affect utilities, parking lot lighting, a designated
smoking area, and parking.

The security fence may also be affected and will be relocated to the west if necessary. The
security fence will be maintained at all times in coordination with the AMETEK security guards.

Existing site groundwater monitoring wells located in and near the planned excavation area may
be destroyed during excavation. While measures will be taken to avoid well destruction, any
monitoring well destroyed during excavation will be replaced after the completion of site
excavation and backfilling. The exception to this is recovery well RW-1; this well is not active
and will not be replaced.

3.8.2 Drainage Features

Implementation of the selected remedies should not significantly alter drainage features at the
Site. To the extent possible, all disturbed areas will be restored to original grades. Appropriate
preventative measures will be implemented such as restoring original grades, shoring of the
drainage pipe and maintaining catch basins.
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3.8.3 Natural Resource Areas

Wetlands are situated along the eastern margin of the facility's property. The boundary of the
excavation and related work zone area will be located more than 100 feet from the wetlands.
Potential impacts to these areas will be prevented as discussed in Section 3.9.

3.8.4 Local Planning and Development

Implementation of the selected remedies should not adversely impact local planning or
development. There are currently no known planning or development proposals for the Eastern
Parking Lot. The site property is zoned industrial and can continue to be used for industrial or
commercial activities.

3.9 Environmental Receptor Protection Plan

The objective of the Environmental Receptor Protection Plan (EPP) is to define the
environmental protection requirements associated with land, water, air and noise pollution during
remediation activities at the EPL. This section summarizes the protective measures that will be
employed to minimize and control any potential pollution releases and to preserve environmental
conditions at the site.

Remedial activities at the EPL will be conducted in the area shown in Figure 3-1. All applicable
work zones will be delineated (as described in Section 7.0) and maintained throughout the
duration of the project to closely monitor site activities, quality control and safety to ensure that
the project objectives are achieved. In addition, access to the work zone will be regulated (as
described in Section 7.0) to prevent unauthorized entry.

3.9.1 Protection of Land Resources

The activities covered under this EPP specifically include all areas associated with soil
excavation activities in the EPL area. Protection of areas will be performed during mobilization,
excavating and staging of materials and demobilization. Areas to be protected include the
wetland areas to the east, existing paved area and other landscaped features. Disturbed areas will
be restored as necessary to their existing condition following completion of remedial activities.

All trucks and heavy equipment will be decontaminated prior to leaving the site to ensure that
any loose soil debris does not impact outside properties. All heavy equipment will be -
decontaminated at an area that will be established in the contaminant reduction zone (see Figure
3-1). This area shall be used to support dry decontamination procedures (i.e., brushing-off of
soil, etc.). All vehicles/equipment leaving the exclusion and/or contaminant reduction zones
must stop and be inspected by TRC to ensure any excess soil or debris is removed from the
vehicle and its tires.
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The following procedures will be used to decontaminate heavy equipment and/or vehicle tires:

* Trucks or equipment leaving the exclusion zone, but not leaving the contaminant reduction
zone, may be staged in the contaminant reduction zone without being decontaminated.

* Trucks or equipment leaving the contamination reduction zone for entry into the support
zone will be thoroughly inspected to verify the absence or presence of potential
contamination. Trucks or equipment showing signs of potential contamination on the vehicle
body or tires shall be brushed to remove loose debris.

* A follow-up inspection following decontamination procedures will be conducted to verify
vehicle decontamination prior to leaving.

* Decontaminated equipment may be staged in the support zone or loaded on transport
equipment for return to the subcontractor's location.

3.9.2 Temporary Protection ofDisturbed Areas

Preventative erosion and sedimentation control measures will be implemented in order to limit
and retard run-off within the established work zone limits in the EPL. All disturbed areas in the
EPL will be protected as described in the Erosion Control and Sedimentation specifications in

Section 3.9.8.

3.9.3 Noise Protection

Protection against the effects of noise exposure will be provided when the sound levels exceed
those limits as established by 29 CFR 1929.52 (Occupational Noise Exposure Standards). TRC
will provide hearing protection to employees involved in the EPL remedial activities to minimize
potential exposures to noise levels greater than the permissible exposure limits.

3.9.4 Waste Disposal

Procedures for the characterization, handling, labeling, storage, transportation, and disposal of
waste generated as a result of remedial activities in the EPL area are detailed in the Waste
Management Plan (Section 3.7). Wastes addressed under this plan include Stoddard fuel
contaminated soil, groundwater, and personal protective equipment.

As previously described, contaminated soil will be directly loaded into trucks and immediately
disposed off site at a licensed facility. In the event excavated contaminated soil needs to be
stored on site, it will be stored in a secured and covered roll-off container and transported off site
the following day. In addition, roll-off containers will be covered during storm events.

Contaminated groundwater that is generated during dewatering activities will be stored in a
temporary, secured 20,000-gallon AST. This AST will be pumped out periodically during
remedial activities and the contaminated groundwater will be transported off site for disposal at a
licensed facility. Daily inspections will be conducted to ensure that spills/releases do not occur
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from the AST, and absorbant material will be stored on site in the event of any spills and/or
releases.

3.9.5 Historical Resources Protection

There are no known historical areas of the former GE site.

3.9.6 Wetland and Water Resource Protection

All remedial activities in the EPL will be monitored, managed and controlled to avoid impacts to
the wetland areas to the east of the EPL. Site environmental receptors including the wetlands will
be protected during construction and operation of the remedial action alternatives. A
Determination of Applicability or Notice of Intent is not required by the North Reading
Conservation Commission since the boundary of the work area is more than 100 feet from the
wetlands (see Figure 3-1). In accordance with 310 CMR 10.02, the work area is not located in
the wetland buffer zone (within 100 feet of the wetlands), and hence is not subject to these
regulations. However, as a courtesy, TRC will issue a letter to the North Reading Conservation
Commission to notify them of the start of remedial actions.

Protection measures will be implemented to ensure that the remedial actions will not adversely
affect the wetlands due to excavation, soil stockpiling, and groundwater dewatering. Such
measures will include:

- Silt bags in catch basins and hay bales surrounding catch basins;

- Hay bales and silt fencing along the perimeter of the wetlands potentially affected by
remedial activities; and

= Covering the clean stockpiled soil with polyethylene sheeting and surrounding the stockpiled
clean soil with hay bales and/or silt fencing.

Daily inspections of sedimentation and erosion control measures will be conducted and
maintenance will be performed, as necessary, to ensure proper protection of the wetland areas.
In addition, emergency control features, as detailed in Section 3.6, will be used to prevent and/or
control accidental spills and releases.

3.9.7 Air Resources Protection

Work activities will be conducted to comply with all dust regulations imposed by local air
pollution agencies. Continuous dust monitoring will be conducted in the work zone area using a
Miniram Dust Control Monitoring Meter Model MIE/PDR/1000 or equivalent. As a minimum,
at no time will dust generation be allowed to exceed 1 mg/m 3 without implementing appropriate
controls. During the progress of work, the contractor will conduct operations and maintain the
areas of activities, including sweeping and sprinkling water where necessary to minimize the
creation and dispersion of dust. Water will not be used if it results in hazardous or objectionable
conditions such as ice or flooding. The stockpiled clean soil will be secured with a 6-ml poly
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covering to eliminate particulate emissions. In addition, all roll-off containers used for
contaminated soil handling will be covered with tarps during materials storage, transportation,
and disposal for dust and odor control.

An odor suppression foam will be used, as necessary, during excavation and loading activities of
contaminated soil to mitigate nuisance odors. Potential nuisance odors will be monitored in the
work zone using an organic vapor analyzer (OVA) or equivalent in accordance with the HASP.
Odor suppression foam will be used if nuisance odors are detected above concentrations set forth
in the H-ASP and will also be used at the discretion of the designated Health and Safety Officer.

3.9.8 Erosion and Sedimentation Control Procedures

Erosion and sedimentation control procedures will be installed as shown in Figure 3-1. The
sedimentation and erosion controls will be constructed prior to commencement of remedial
activities at the EPL. Areas in need of repair during the course of remedial activities will be
repaired and will be maintained for the duration of the project. Sedimentation areas will be
inspected daily to maintain compliance and to avoid siltation of surface water and groundwater.
At the completion of remedial activities, all sedimentation and erosion control measures will be
removed and the area will be restored to its existing condition.

The erosion and sedimentation control measures that will be implemented are presented in the
Wetland and Water Resource Protection section of this Environmental Receptor Protection Plan.
The following describes installation of these erosion and sedimentation control measures.

Silt Bags

The silt bags will be constructed of a non-rotting, ultraviolet light resistant woven polyester
geotextile with sufficient strength for their intended purpose. The silt bags will be placed just
beneath the catch basin grate and the catch basin grate will be used to secure the silt bags in
place.

Straw Bale Barrier and/or Silt Fencing

Straw bales will be placed in a single row with the ends of adjacent bales tightly abutting one
another. The bales will be securely anchored (except in the parking lot) by driving at least two
stakes through each bale. For straw bale barriers placed in the parking lot, the bales will be
fastened together with wooden stakes, rebar, wire or other acceptable means.

The straw bales will consist of straw from acceptable grasses and legumes, free from weeds,
reeds, twigs, chaff, debris and other objectionable material or excessive amounts of seeds and
grains. The straw will be securely bailed with wire of adequate size to allow for rusting while in
use and still permit rehandling when the bale is in a saturated condition.

The silt fence will be constructed of a non-rotting, ultraviolet light resistant woven polyester
geotextile with sufficient strength for its intended purpose. The silt fencing will be installed in
accordance with manufacturer's recommendations.
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Soil Stockpile

Prior to excavation work, a temporary soil storage area will be established and clearly designated

on site for the uncontaminated excavated soil. The storage area will be lined with 6 mil (or

higher) gauge polyethylene sheeting. In addition, the stockpiled soil will be covered with 6-mil

(or higher) gauge polyethylene sheeting and will be surrounded by straw bales and/or silt fencing

to prevent runoff. The polyethylene will be adequately secured to prevent damage or loss by
wind or other elements. In the event of extreme weather conditions, additional actions will be

taken to ensure appropriate containment of stockpiled soils. Surface water runoff will be

directed away from the stockpile to prevent erosion and deterioration of materials. The

stockpiles will not exceed 35 feet in height with maximum side slopes of 2:1

(horizontal:vertical).
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4.0 MONITORING

4.1 Contacts

The contact person at TRC is:

Ms. Paola Macchiaroli, Project Manager
TRC Environmental Corporation
Boott Mills South, Foot of John Street
Lowell, MA 01852
(978) 656-3582

The Licensed Site Professional (LSP) of Record is:

Mr. Bruce Hoskins, LSP # 7109
URS Corporation
5 Industrial Way
Salem, NH 03079-2830
(603) 893-0616

4.2 Emergency/Contingency Procedures

Although earlier investigations of the EPL area have defined the expected, approximate limits of
the proposed excavations, field screening and confirmatory soil sampling may indicate that
additional soil removal is necessary. Of concern is the area between the western limit of the
proposed excavation and borings B7 through B10. If it is determined that additional soil removal
is necessary, AMETEK's security fence will need to be relocated. The sanitary sewer line
located in this area will also need to be properly supported and/or temporarily relocated. TRC
will first initiate excavation procedures in this area to determine whether this relocation needs to
occur. The security fence and sanitary sewer will be returned to the original locations and
conditions after completion of excavation activities in this area. Bedrock is shallow in this area;
therefore, excavating will stop if bedrock is encountered.

Excavation, loading and transportation activities will be conducted in accordance with
specifications previously detailed. Although not anticipated, contaminated soils will not be
excavated below existing site buildings. In addition, in the unlikely event that soil contamination
is found adjacent to site buildings, any necessary excavation up to the limits of the building
foundation will proceed in a cautious manner to ensure the structural integrity of the building(s).

4.3 Remedial Action Monitoring Program

Health and Safety Monitoring

Adherence to strict health and safety procedures will apply to all field activities performed for
this program. All TRC staff and subcontractors will follow those procedures detailed in the site-
wide HASP.
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Soil Monitoring

The soil monitoring program planned for the EPL area includes field headspace and petroleum
hydrocarbon screening (PetroFLAG), with confirmatory soil sampling for laboratory analyses.
Specifically, soil samples will be collected for field screening at the limits of the proposed
excavations. If the field screening samples are within the field screening guidance criteria (i.e., -

<200 ppm headspace and <3,000 ppm PetroFlag), confirmation soil samples will be collected for
expedited laboratory analysis to confirm that cleanup goals are met. Excavation activities will
continue until contaminant concentrations are confirmed to be within the cleanup goals for the
area by laboratory methods. Throughout the remediation process, soil data will be evaluated
using the Method I protocols to determine when excavation is completed in any particular area.

Results of the Phase III Supplemental Soil Sampling in the EPL indicated that there is generally
a positive correlation between the PetroFLAG results and EPH laboratory results, and field
headspace screening and VPH laboratory results. There are a few exceptions; however, these
exceptions were shown to overestimate the EPH and VPH concentrations in the soil. Therefore,
the screening levels will delineate a conservative impact area (i.e., more soil may be removed
than is necessary for meeting the cleanup goals). Based on the results of the Phase III sampling,
a headspace reading of < 200 ppm and a PetroFLAG screening result of <3,000 ppm will be
used to define the limits of the excavation during remedial activities. Once these limits are
attained, confirmatory soil samples will be collected for laboratory analyses.

Further statistical analysis to correlate the field screening results to the confirmatory sampling
has not been conducted given that the field screening techniques are expected to overestimate the
area impacted by Stoddard fuel, and that composite soil samples of the excavation walls and
floor will be analyzed by a Massachusetts certified laboratory.

Groundwater

Groundwater monitoring will not be performed until completion of soil excavation, backfilling,
and restoration activities. Groundwater monitoring related to the EPL remedial action will be
limited to Stoddard fuel contaminants of concern (EPH/VPH).

4.3.1 Soil Headspace Analysis

Two epresentative composite soil samples will be collected for every 100 cubic yards of
excavated soil and contained within labeled, sealable bags for analysis by a PID or equivalent
using standard MA DEP headspace techniques. These headspace techniques are detailed in the
HASP. The soil within the bag will be shaken several times over 15 minutes, the organic vapor
analyzer (OVA) tip will be inserted into the bag, and the result recorded. The second sample bag
will be temporarily placed on ice until petroleum hydrocarbon screening is conducted.

SO'
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4.3.2 Petroleum Hydrocarbon Soil Screening

In addition to headspace screening, each bagged sample will be screened for petroleum
hydrocarbons using the PetroFLAG methodology calibrated for a response factor consistent with
lighter hydrocarbons associated with Stoddard fuel (detection limit - 200 ppm). TRC will
ensure that a stable, consistent environment for soil screening is established prior to conducting
all analytical work. Experienced TRC personnel will operate the PetroFLAG analyzer in
accordance with the manufacturer's recommendations.

The PetroFLAG meter will be recalibrated every 10 samples, as recommended by the
manufacturer. A background soil sample will also be collected daily to establish a site-specific
reference background concentration for the PetroFLAG hydrocarbon analyzer.

All procedures will be consistent with those employed during the Phase III investigation.

4.3.3 Confirmatory Soil Sampling

Headspace and PetroFLAG screening results will be used as a guidance to determine the extent
and depth of the excavation before collecting confirmation samples. Composite soil samples will
then be collected from the sidewalls of the excavation every 50 feet of linear wall length at
various depths along the impacted area. Composite samples of the excavation floor will-also be
collected at a frequency of one per 2,500 squar feet offoor area. The soil samples will be
analyzed for EPH and VPH using a Massachusetts certified laboratory.

Soil samples collected for EPH analysis will be packed into the appropriate laboratory supplied
sample containers. Soil samples collected for VPH analysis will be captured in a truncated
syringe and placed in a laboratory supplied sampling jar containing a known volume (and total
mass) of methanol. All soil samples collected for analysis will be labeled with the appropriate
sample number, site name, date and time of collection, preservation used and analysis requested.
The samples will be placed on ice in a cooler following appropriate Chain-of-Custody
procedures and shipped to a Massachusetts certified laboratory for analysis.

To ensure proper quality assurance and quality control (QA/QC), the sampling protocol will
include one trip blank per cooler and field duplicates at the rate of one duplicate per 20
laboratory samplgs. Dedicated soil sampling equipment will be used; therefore, equipment
blanks will not be collected.

4.3.4 Groundwater Monitoring c
The existing and new wells in the parking lot will be sampled for EPH and VPH. Samples to
establish a baseline condition will be collected within two weeks after well installation.
Additional samples will be collected six months after installation and annually thereafter to
document any changes in EPHIVPH concentrations.

All groundwater samples collected for analysis will be labeled with the appropriate sample
number, site name, date and time of collection, preservation used and analysis requested. The
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samples will be placed on ice in a cooler following appropriate Chain-of-Custody procedures and
shipped to a Massachusetts certified laboratory for analysis.

To ensure proper QA/QC, the sampling protocol for each round of sampling will include one trip
blank per cooler and one field duplicate. Dedicated groundwater sampling equipment will be
used; therefore, equipment blanks will not be collected.

5.0 Health and Safety Plan

The site-wide Health and Safety Plan for all remedial response actions at the former GE site is
included as Appendix D. This plan may include more information than that required for the
actions in the EPL Area.

6.0 Required Permits, Approvals, or Licenses

The actions presented in this RIP will not require any permits, special approvals, or licenses.
Approval of this RIP will be required from MA DEP in accordance with the MCP. Public
notification requirements will be performed in accordance with the Public Involvement Plan for
this site. In addition, a notice of commencement of soil remediation will be sent to the North
Reading Conservation Commission.

7.0 Property Access Issues

To prevent both exposure to unprotected personnel and migration of contamination as a result of
tracking by personnel or equipment, work areas and PPE requirements will be clearly identified.
All signs required by federal and state regulations will be posted to give notice of the work area
to site personnel and visitors prior to remedial activities.

An exterior sign will be posted detailing whom to notify in case of emergency, including points
of contact, job title, and phone number(s) where the contact may be reached 24-hours a day. The
proposed limits of the work area, as shown in Figure 3-1, will be delineated during site
preparation activities. An exclusion zone will be established around the work area and
temporary caution tape, safety fences, and traffic cones/drums, as appropriate, will be installed
outside the active work area prior to startup of remedial activities. Pedestrian traffic will be
rerouted as necessary by TRC and AMETEK staff. All visitors will be required to sign in and
will not be allowed within the work exclusion zone without providing documentation of
appropriate training and medical monitoring.

AMETEK facility security fence in the area of the proposed excavations may need to be
relocated to allow further excavation of contaminated soil (see Section 4.2
Emergency/Contingency Procedures). The fence relocation will be done in a manner that the
existing security fence is not breached and eastern access to AMETEK facility remains at the
same location. Fence relocation will be done in coordination with AMETEK.

Approximately 61,000 square feet of parking space, as shown in Figure 3-1, will need to be
relocated because of remedial activities. Relocation of parking will be coordinated with
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AMETEK and will be conducted to minimize impacts to AMETEK operations. A traffic lane
will be maintained to allow access to the parking lot and to allow continued operation of
shipping/receiving.

Traffic control during mobilization, construction, and demobilization within the EPL Area will
be monitored and maintained to an efficient level by the Site Manager. The appropriate signs,
signals, and barricades will be used to ensure that traffic along construction routes to the site will
be kept at a minimum and will not hinder flow or direction of regular AMETEK facility staff.

Mobilization of heavy equipment will be scheduled during business hours and AMETEK will be
notified at least 48 hours prior to mobilization.

Traffic during demobilization operations will also be monitored. No equipment will leave the
site without being approved following decontamination. The equipment will be logged out by
TRC and will be dispersed accordingly to prevent buildup at the site gate.

Emergency vehicle access will be maintained at all times in the event of an emergency. During
excavation activities a clear means of road access of at least 25 feet in width around the
perimeter of the work area will be maintained for fire department and emergency response
vehicles' access to buildings at the site. Traffic entering the site and parking areas by non-site
personnel will be monitored by on-site personnel. A designated area will be made available for
parking for construction personnel.
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APPENDIX A

PRELIMINARY METHOD 3 RISK
CHARACTERIZATION
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A.1 Introduction

A preliminary screening level Method 3 Risk Assessment was performed for the Eastern Parking

Lot of the Former GE Site in Wilmington/North Reading, Massachusetts. This evaluation

resulted in quantitative estimates of the potential human health risks associated with three

exposure scenarios; namely, future utility/excavation, future commercial/industrial, and future

residential at the Site.

A.2 Hazard Identification

Detailed information pertaining to the nature and extent of contamination in each media sampled

is provided in the Phase III Remedial Action Plan Addendum Report, Eastern Parking Lot

Supplemental Soil Sampling, dated March 16, 2000, prepared by TRC. Table 1 provides

summary statistics for contaminants detected in site soil. All of the constituents detected in one

or more soil samples within the Site are identified as constituents of concern (COCs) at the Site.

Only data from the Phase III Addendum report has been used to perform the risk calculations

presented here. Additional data collected at the conclusion of excavation activities would be

used to prepare a finalized Method 3 risk assessment if desired.

A.3 Dose-Response Assessment

As part of the dose-response assessment, toxicity values are identified for the selected COCs.

This risk assessment evaluation considers carcinogenic (non-threshold-based) and non-

carcinogenic (threshold-based) toxicity values, as applicable. In order of preference, these

values are obtained from the EPA's (2000) Integrated Risk Information System (IRIS), EPA's

(1997) Health Effects Assessment Summary Tables (HEAST), MA DEP's (1994a) Background

Documentation for the Development of MCP Numerical Standards, and MA DEP's (1 997b)

Characterizing Risks Posed by Petroleum Contaminated Sites: Implementation of MA DEP

VPH/EPH Approach (Public Comment Draft). The COCs for the Site includes two EPH and

three VPH fractions. Table 2 provides the toxicity values and absorption values used in this

evaluation.
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A.4 Exposure Assessment

The exposure assessment component of the Method 3 risk assessment (i) identifies the current

and potential human receptors, (ii) identifies the exposure pathways, (iii) estimates exposure

point concentrations (EPCs), and (iv) estimates the average daily doses (ADDs) (or average daily

exposures [ADEs]) for the selected receptors. The latter estimates combine the EPCs with

assumptions about the magnitude, frequency, and duration of exposure for each exposure

pathway under each receptor (or land use) scenario. For the purposes of this risk assessment,

ADEs and/or ADDs are estimated for three exposure scenarios; namely, future utility/excavation,

future commercial/industrial, and future residential.

Identification of Exposure Pathways

The current and anticipated activities and uses, points at which exposure occurs (i.e., exposure

points), and the pathways through which a receptor comes in contact with the exposure point(s)

(i.e., exposure pathways) are discussed below for each of the receptors quantitatively evaluated

in the risk assessment:

- Future Utility and Excavation: The exposure point for future excavation workers is the

volume of contaminated subsurface soil. On-site workers may be exposed to these soils as a

result of subsurface excavation and maintenance/repair work. Future Utility and Excavation

workers could also come into contact with contaminated surface soil. However, the

concentrations of COCs detected in the subsurface soil is significantly higher and will result

in the most conservative evaluation for this scenario. The key exposure pathways for

excavation workers are expected to include incidental ingestion of, and dermal contact with

soils and inhalation of outdoor-suspended particulates and outdoor volatiles.

- Future Commercial: The exposure points for future on-site commercial/industrial workers are

the ground surface due to exposure to relocated contaminated subsurface soil and potentially

contaminated air. Although future exposures to deeper soils are unlikely, for purposes of this

risk characterization, future workers could be exposed to currently unexposed subsurface

soils. Contact with the deeper soils containing the greatest concentrations of EPH/VPH

ah would require some mechanism to bring these soils closer to (or to) the soil surface, such as
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construction of subgrade structures and relocation of excavated soils, (e.g., establishment of

final grades). In addition, because the subsurface soil had significantly higher concentrations

of EPH/VPH compared to surface soil, the subsurface soil data was used to provide the most

conservative evaluation of exposure to soil. The key exposure pathways for commercial

workers are expected to include incidental ingestion of, and dermal contact with, subsurface

soil, inhalation of airborne particulates from surface soil, and inhalation of indoor volatiles

via subsurface soil.

Future Residential: The exposure points for future on-site residents are the ground surface

due to exposure to relocated contaminated subsurface soil and potentially contaminated air.

Although future exposures to deeper soils is unlikely, for purposes of this risk

characterization, future residents could be exposed to currently unexposed subsurface soils

(e.g., while playing, doing yard work, etc.). Contact with the deeper soils containing the

greatest concentrations of EPHNPH would require some mechanism to bring these soils

closer to (or to) the soil surface, such as construction of subgrade structures (e.g., residential

basements) and relocation of excavated soils, (e.g., establishment of final grades). In

addition, because the subsurface soil had significantly higher concentrations of EPH/VPH

compared to surface soil, the subsurface soil data was used to provide the most conservative

evaluation of exposure to soil. The key exposure pathways for future residents are expected

to include incidental ingestion of, and dermal contact with, soils, inhalation of airborne

particulates (assuming the relocation of subsurface soil to the surface), and inhalation of

volatiles in air via subsurface soil. Future residential exposures were conservatively

evaluated on the basis of residential children.

Identification of Exposure Points

An exposure point concentration (EPC) is the measured or estimated amount of a constituent in

the environmental medium of concern at the point of human contact. Based on MA DEP (1995)

guidance, the EPCs for the environmental media should correspond to the arithmetic mean of the

reported results for each data set (i.e., each volume of contaminated soil for soil and each well

for groundwater) for areas of contiguous contamination that do not show evidence for the

presence of hotspots. The arithmetic means were used as the EPCs for the exposure scenarios
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used in this Risk Assessment to account for equal probability of exposure at any sample location.

This was assumed to be likely because the parking lot is relatively small and uniform. For the

purposes of this risk assessment, the following approaches are used:

- Soil; EPCs in subsurface (potentially accessible) soil were calculated as the arithmetic mean

concentration for each COC. The analytical results for subsurface soil samples are presented

in the Phase III Remedial Action Plan Addendum Report, Eastern Parking Lot Supplemental

Soil Sampling, dated March 16, 2000, and summary statistics are presented in Table 1. The

EPCs for soils are presented in Table 3.

" Air: EPCs in air were calculated for volatiles in air via soil. Procedures for calculating EPCs

in indoor air due to volatilization of constituents detected in soil are presented in the

exposure and risk estimate spreadsheet tables (Tables B-4 and C-5).

Exposure Point Hotspot Assessment

Based on the data available for the Site, there is one potential area that contains residual

concentrations of a COC that fall within the 10-times to 100- times criteria for identification of

potential hotspots in environmental media. However, only one constituent (C9-C18 aliphatics)

of the 27 detected constituents was elevated l0x (Sample B-18-SS3-4/6; 13,000 mg/kg) as

compared to the detection in the corresponding depth in an adjacent sample (Sample B-17-SSI-

4/6; 1200 mg/kg). All other detections were comparable between the two samples. Therefore,

there are no hotspots considered for this site.
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A.5 Estimation of Average Daily Doses

The following standard MA DEP equations (MA DEP, 1995) were used to estimate the average

daily dose (ADD) associated with the exposure of receptors through the following exposure

pathways:

Incidental ingestion of soils (i.e., ADDj):

ADD = EPC x UC x RAFo x IR x EF x ED
BW x AP

Where:

ADDi = Average daily dose via ingestion (mg/kg-d)
EPC = Exposure point concentration in soils (mg/kg)
UC = Units conversion (IE-06 kg/mg)
RAFo = Oral relative absorption factor (--)
IR = Soil ingestion rate (mg/d)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AP = Averaging period (days)

Dernal contact (i.e., ADDd) with COCs in soils:

ADDd = EPC x UC x RAFd x SA x EF x ED x AF
BW x AP

Where:

ADDd Average daily dose via dermal contact (mg/kg-d)
EPC = Exposure point concentration in soils (mg/kg)
UC = Units conversion (IE-06 kg/mg)
RAFd = Dermal relative absorption factor (-)
SA = Body surface area (cm2)
FE = Fraction exposed (--)
AF = Adherence factor (mg/cm 2)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AP = Averaging period (days)
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Inhalation of airborne particulates (fugitive dust) for soils (i.e., ADDp):

ADDp = EPC xIRxETxEFxEDxPM oxUC
BW x AP

Where:

ADDp = Average daily dose via inhalation of airborne particulates (fugitive dust)
(mg/kg-d)

EPC = Exposure point concentration in soils (mg/kg)
IR = Inhalation rate (m3/hour)
ET = Exposure time (hours/day)
EF = Exposure frequency (day/yr)
ED = Exposure duration (year)
PM 10  = Concentration of respirable particles in air (ug/m 3)
UC = Units conversion (1 E-06 kg/mg)
BW = Body weight (kg)
AP = Averaging period (days)

Average daily exposures (ADEs) to volatiles in outdoor air:

ADE = MOVC x ET x EF x ED x UC
AP

Where:

ADE = Average daily exposure via inhalation (ug/m 3)
MOVC = Modeled outdoor vapor concentration in air (ug/m3)
ET Exposure time (hours/day)
EF Exposure frequency (days/year)
ED Exposure duration (years)
UC = Units conversion (0.04 days/hr)
AP = Averaging period (days)

Average daily exposures (ADEs) to volatiles in indoor air:

ADE = EPC x ET x EF x ED x UC
AP

Where:

ADE = Average daily exposure via inhalation (ug/m3)
EPC = Modeled exposure point concentration in air (ug/m 3)
ET = Exposure time (hours/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
UC = Units conversion (0.04 days/hr)
AP = Averaging period (days)

L2000-208 A-7



The specific equations and input parameter values used for the exposure scenarios correspond to

those available and recommended by MA DEP (1 994a, 1995).

Risk Characterization

The risk characterization combines the previously described components of the Method 3 Risk

Assessment (i.e., hazard identification, dose-response assessment, and exposure assessment) to

provide quantitative estimates of human health risk. In general, these risk estimates are

expressed in terms of excess lifetime cancer risk (ELCR) for cancer endpoints and in terms of

non-cancer hazard quotients/hazard indices (HQs/HIs) for non-cancer endpoints.

The ELCR is estimated as the product of the estimated lifetime average daily dose (LADD)

(mg/kg-d) times the identified cancer slope factor ([mg/kg-d]-') for oral and dermal exposures or,

for inhalation exposures, the product of the lifetime average daily exposure (LADE) (pg/m')

times the unit risk ([gg/m3]-'). However, this site is not contaminated by the release of

carcinogenic substances. Therefore, the ELCR is not discussed further. (The ELCR and similar

carcinogenic related calculations are contained in the supporting spreadsheets since they are

associated with the calculation template).

The COC-specific non-cancer HQ is estimated as the ratio of the estimated ADD (mg/kg-d) and

the identified RfD (mg/kg-d) for oral and dermal exposures, and for inhalation exposures, as the

ratio of the ADE (jg/m) and the RfC (pg/m'). These individual cancer risks and HQs are then

summed to yield an estimate of the pathway cancer risk and HI, respectively.

Finally, a cumulative cancer risk and non-cancer HI for the scenario is estimated for each hot

spot and non-hotspot areas at the site by summing the pathway cancer risks and HIs,

respectively. If the cumulative HI exceeds unity (1.0), then the individual HQs are segregated by

target organ or critical effect. The estimated cancer risks and/or HQs/HIs are evaluated in the

context of MA DEP (1995) guidance (i.e., a cancer risk limit of IE-05 and a non-cancer HQ/HI

limit of 1E+00).
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Table 4 presents the estimated cancer risks and cumulative HIs for the evaluated scenarios.

Detailed risk calculation spreadsheets for each scenario are presented in Tables A-I through A-4,

Tables B-1 through B-4, and tables C-1 through C-5.

" The utility/excavation scenario evaluated exposures through the incidental ingestion of soil,

dermal contact with soil, inhalation of airborne particulates and inhalation of outdoor

volatiles. The utility/excavation scenario is shown to have a total cancer risk of 6E-07 and a

total HI of 7.5E-01, which is below the cancer and non-cancer HQ/HI limit of 1E-05 and

1 E+00, respectively.

- The Future commercial/industrial scenario evaluated exposures through the incidental

ingestion of soil, dermal contact with soil, inhalation of airborne particulates and inhalation

of indoor volatiles. A total cancer risk of 2E-06 was calculated for this scenario, which is

below the cancer limit of IE-05. A total non-cancer HI of 8.4+02 was calculated for this

scenario. The non-cancer HQ/HI limit of 1 E+00 has therefore been exceeded for this

scenario. This risk wa rivenb the inhalationof volatilesathwa The constituent

primarily driving this risk is the

" The residential scenario evaluated exposures through the incidental ingestion of soil, dermal

contact with soil, and inhalation of airborne particulates, and inhalation of indoor volatiles.

A total cancer risk of 8E-06 was calculated for this scenario, which is below the cancer limit

ofjE5-A total non-cancer HI of 3.7+03 was calculated for this scenario. The non-cancer

HQ/HI limit of 1 E+00 has therefore been exceeded for this scenano. This risk was driven by

tb(inhalation of volatiles pathway> The constituents primarily driving this risk are the

(C18 iphatics 5 Q hasethe -Cl2 aLith C9-C aro tics

In accordance with 310 CMR 40.0993(7), under the current conditions, a condition of no

significant risk of harm to human health h(s notbj.en achieved for in the Eastern Parking Lot due

to potential risks associated with future commercial and residential use of the property. This

conclusion is consistent with the need for remedial action in the Eastern Parking Lot soils as

determined by the use of the Method I S-3/GW-1 standards. However, when the planned

excavation is complete, the recalculated risk under Method 3 is likely to be acceptable to the
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future commercial/industrial scenario. This would mean that no site Activity and Use Limitation

restrictions would be required for continued industrial/commercial property use other than to

prohibit future residential use. There would be no need to have additional restrictions, such as

mandatory paving or prohibition of commercial building. Such restrictions would be required

using the Method 1 S-3 standards.

Note: While scenarios other than those evaluated by this risk assessment are possible at the Site,

the selected scenarios are intended to provide conservative estimates of the potential health

impacts associated with the range of current and reasonably foreseeable future uses of the Site.
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Constituent

Extractable Petroleum
H ydrocarbons (EPH) (mg/kg)
C9-0l8 Aliphatc Hydocarbons
C19-436 Aliphatics
CI-C22 Aronatics

Unadjusted CI -C22 Aromatics
Naphalene
Methylnaphlhalcn, 2-

Acenaphthylenc
AcenaphLhene
Fluorene:
Phenanihrene
Anlhracene

Fruoranthene

pyre-e
Denzo(a)AnLracene
Chryscne
Benzo(b)Fluoranhene
Benzo(k)Fhranhene

aenzo)Pyrene
Inden o(,2,3-cd)Pyrene
Dibcnz(ah)Antene
BenzdjgkQPaerene

Volale Petroleum
Hydrocarbons (VPH) fmm/kg)
Cs-C8 Aliphalics

C9-Cl2 Aliphatics
C9-clo Arconalics
Unadjused Cs-Cs Alpatici
Unadjusted C-c]2 Aiphatic

Benzene

roluene
Ethylbemcne

Kylene
MTBE
'4apthalne

TABLE I
SUMMARY STATISTICS
EASTERN PARKING LOT

LOCKHEED MARTIN, WILMINGTON/NORTH READING, MA

Minimum Maximum St.
Number Nurnber Frequency Detected Detected Mean Mean Dev. H 95% UCL

of of of Concentration Concentration. Ln(x) (a) Concentration Ln(x) (a) Stat.(a) Concentration
-amres (n Deotects flnele

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

27
27
27
27
27
27
27
27
27
27
27

30%
0%
4%
4%
4%
7%
0%
0%
0%
0%
0%
0%
0%
0%
4%
0%
0%
4%
0%
0%
0%

59%
89%
81%
59%
89%
0%
7%

30%
67%
0%

37%

(mqlk ) (ma/kg)l (ma/k)l (mn/kee)

1.10E+02 1.30E+04 5.31E+00 9.27E+02 1,38E+00 3,31E+00 1.29E+03
- - - - 4.61 E+00 - - 0.001E+00 - -

2.20E+02 2.20E+02 4.63E+00 1.04E+02 1.52E-01 1.77E+00 1.10E+02
2.20E+02 2.20E+02 4.63E+00 1.04E+02 1.52E-01 1.77E+00 1.10E+02
8.20E-01 8.20E-01 -6.75E-01 5.12E-01 9.52E-02 1.72E+00 5,28E-01
9.30E-01 1.30E+00 -6.35E-01 5.46E-01 2.15E-01 1.83E+00 5.86E-01

- - - - -6.93E-01 - - 0.00E+00 - -

-- -- -6.93E-01 -- 0.00E+00 - -
-- -- -6.93E-01 -- 0.00E+00 - -
- - - - -6.93E-01 - - 0.00E+00 - -
- - - - -6.93E-01 - - 0.00E+00 - -
- - . - -6.93E-01 - - 0.00E+00 - -
- - - - -6.93E-01 - - 0.00E+00 - -

- -6.93E-01 - - 0.00E+00 - -
1.60E+00 1.60E+00 -6.50E-01 5.41E-01 2.24E-01 1.83E+00 5.80E-01

- - - - -6.93E-01 -- 0.00E+00 - -
- - - - -6.93E-01 - 0.00E+00 -

2.90E+00 2.90E+00 -6.28E-01 5.89E-01 3.38E-01 1.91E+00 6.41E-01
- - - - -6.93E-01 -- 0.00E+00 -- -
- - -- -6.93E-01 -- 0.00E+00 - -
- .- - - -6.93E-01 - - 0.00E+00 - -

1.70E+00 1.40E+02 1.62E+00 4.18E+02 1.80E+00 4.14E+00 1.09E+02
1.00E+00 2,30E+03 3.68E+00 1.86E+02 2.66E+00 6.82E+00 4.86E+04 *
1.70E+00 9.70E+02 3.16E+00 2.63E+01 2.46E+00 5.01E+00 5.43E+03 *
1.70E+00 1.60E+02 1.65E+00 6.18E+02 1.83E+00 4.14E+00 1.23E+02
1.40E+00 3.40E+03 4.09E+00 3.74E-01 2.73E+00 6.82E+00 9.40E+04 *

-- -- -1.74E+00 -- .08E+00 - -
1.00E-01 2.00E-01 -1,71E+00 1.05E+00 1.08E+00 2.92E+00 5.99E-01 *
1.20E-01 7.20E+00 -1.35E+00 5.02E+00 1.52E+00 3.72E+00 2.48E+00
1.40E-01 2.80E+01 -1.23E-01 3.74E-01 2.06E+00 5.01E+00 5.51E+01 *

- - - - -1-74E+00 - - 1.08E+00 - -
1.10E-01 4.70E+00 -1.45E+00 1.38E+03 128E+00 3.31E+00 1.22E+00
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TABLE 4
SUMMARY OF TOTAL CANCER RISK AND NON-CANCER His

EASTERN PARKING LOT
LOCKHEED MARTIN, WILMINGTON/NORTH READING, MA

Risk Estimates

Total Total
Cancer Hazard

Risk Index
(--) ( )

Current/Future Utility/Excavation 6E-07 7E-01

Future Commercial/Industrial 2E-06 :::E02

Future Residential 8E-06 :4E03

::........... Cancer risk > 1E-05 or
HQ/HI > 1 E+00
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S
SECTION 01400

QUALITY CONTROL

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

1.2 DESCRIPTION

A. This section includes requirements of a general nature related to the Contractor's
responsibility for quality control involving inspections, tests, certificates, and
reports.

B. Unless otherwise indicated on the Drawings or Specifications, only new materials
shall be incorporated in the Work. All materials fumished by the Contractor to be
incorporated in the Work shall be subject to the inspection and approval of TRC. No
material shall be processed for, or delivered to the Work without prior approval by
TRC.

1.3 SECTION INCLUDES

A. Inspections.

B. Quality Assurance - Control of Installation.

C. References.

D. Inspecting and Physical Testing Laboratory Services.

E. Contractor's responsibilities.

F. Reports.

G. Equipment Calibration.

1.4 RELATED SECTIONS

A. Section 01070- Reference Standards.

Contract Closeout
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B. Section 01300 - Submittals: Submission of manufacturers' instructions and
certificates.

1.5 INSPECTIONS

A. TRC shall have the right to inspect all materials and equipment at all stages of
collection and processing, and shall be allowed access to the site and to the
Contractor's and supplier's facilities to conduct such inspections. On-site work shall
be subject to continuous inspection. Inspection by TRC shall not release the
Contractor from responsibility or liability with respect to material. TRC will supply
the Contractor with a minimum of 24 hours notice prior to unscheduled off-site
inspections.

B. When local codes or laws require approval and inspection of the work by other
agencies or organizations before backfilling, the Contractor shall obtain such
approval and submit one signed original and three copies of the approval to TRC.

1.6 QUALITY ASSURANCE - CONTROL OF INSTALLATION

A. The Contractor shall monitor quality control over suppliers, products, services, site
conditions, and workmanship, to produce Work of specified quality.

B. The Contractor shall comply with manufacturers' instructions, including each step in
sequence.

C. The Contractor shall examine the areas and conditions where Work is to be
performed and notify TRC of conditions detrimental to the proper and timely
completion of the Work. The Contractor shall not proceed with the Work until
unsatisfactory conditions have been corrected by the Contractor in a manner
acceptable to TRC.

D. The Contractor shall request clarification from TRC should manufacturers'
instructions conflict with Contract Documents. The clarification shall be received
prior to proceeding. Contractor shall request a verbal clarification to be followed by
a written clarification.

E. The Contractor shall comply with specified standards as minimum quality for the
Work except where more stringent tolerances, codes, or specified requirements
indicate higher standards or more precise workmanship.

F. Work shall be performed by persons qualified to produce workmanship of specified
quality.

Contract Closeout
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1.7 REFERENCES

A. The Contractor shall comply with the reference standards presented in Section 01070
at a minimum.

B. For products or workmanship specified by association, trade, or other consensus
standards, the Contractor shall comply with requirements of the standard, except
when more rigid requirements are specified or are required by applicable codes.

C. The Contractor shall be familiar with applicable standards. Copies of these
standards shall be obtained by the Contractor where required by product
specification sections.

D. The contractual relationship, duties, and responsibilities of the parties in Contract
nor those of TRC shall not be altered from the Contract Documents by mention or
inference otherwise in any reference document.

1.8 INSPECTING AND PHYSICAL TESTING LABORATORY SERVICES

A. The Contractor shall contract with an independent geotechnical Subcontractor, upon
review and acceptance by TRC, to perform laboratory testing as required by these
Specifications and as required by TRC, including the following periodic inspections
and associated services:

1. Soils - Inspect and test the placement and compaction of soils used as site
grading or structural fill. Perform field (in-place) density and moisture control
testing using a nuclear moisture-density gauge or other TRC-accepted method
to assess the adequacy of compaction.

B. The independent testing firm(s) shall have performed previous similar work in a
satisfactory manner and be an approved subcontractor. The Contractor shall include
the costs of this service in his bid.

C. The Contractor shall provide labor and materials and necessary testing facilities at
the site as required by Specifications. The Contractor shall cooperate with TRC and
shall provide at least 24 hours notice prior to specified testing.

D. The Contractor shall be solely responsible for the adequate stability of cut soil slopes
at the site and for providing a safe working condition within excavated areas.

Contract Closeout
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E. Inspecting, testing, and source quality control may occur on or off the project site.
Off-site inspecting or testing shall be performed as required by TRC.

1.9 CONTRACTOR RESPONSIBILITIES

A. The Contractor shall provide incidental labor and facilities:

1. to provide access to Work to be tested,

2. to obtain and handle samples at the site,

3. to facilitate tests and inspections,

4. to provide storage of test samples.

B. TRC shall be notified 48 hours prior to expected time for operations requiring
services.

C. The Contractor shall make arrangements for and pay for additional samples and tests
required for Contractor's use.

D. Testing or inspecting does not relieve Contractor to perform Work to contract
requirements.

E. Retesting required because of non-conformance to specified requirements shall be
performed by the same independent firm on instructions by TRC at the Contractor's
expense.

1.10 REPORTS

A. Transcripts or certified test reports including all test results shall be submitted for
review to TRC. Acceptance by TRC shall be received prior to delivery of material.
The testing shall have been performed by an approved independent testing facility
within the previous six months of submittal of the reports for review. Transcripts of
test results shall be accompanied by a certificate in the form of a letter from the
manufacturer or supplier certifying that the tested material meets the specified
requirements and is of the same type, quality, manufacturer, and make as that
specified.

B. The Contractor shall submit for review a notarized Certificate of Compliance in the
form of a letter from the manufacturer. The Certificate shall state the following:

1. Manufacturer has performed all required tests.
2. Materials supplied meet all test requirements.

Contract Closeout
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3. Test were performed within six months of submittal of the Certificate.

4. Materials that were tested are the same type, quality, manufacture, and make as
those specified.

5. Include identification of the materials.

C. Reports will be submitted by the independent laboratory to the Contractor, in
triplicate, indicating observations and results of tests and indicating compliance or
non-compliance with Contract Documents. One copy of these results will be
provided to TRC on the same day as the testing is performed.

1.11 EQUIPMENT CALIBRATION

A. All field test equipment will be kept under control of the Contractor's geotechnical
Subcontractor. The geotechnical Subcontractor will be fully trained in the use of
equipment, test procedures, and interpretations of results for each piece of test
equipment. A copy of calibration certification will be kept by the geotechnical
Subcontractor and supplied to TRC.

B. Calibration of nuclear-density gauges shall conform to the frequencies and methods
outlined in ASTM D2922 and D3017. Unstable or erratic gauges shall not be used
in density testing and shall be immediately removed from the site.

PART 2 PRODUCTS (Not Used)

PART 3 EXECUTION (Not Used)

END OF SECTION

0
L2000-208 Div I
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SECTION 02100

SITE PREPARATION

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 WORK INCLUDES

A. Identifying haul road and staging areas for equipment, supplies, uncontaminated
surface soil stockpile and dewatering storage tank(s). Erection of appropriate
barricades to secure the work zone.

B. Establishing existing site grades to ensure that these grades are reestablished afler
excavation activities.

C. Installation of erosion and sedimentation controls.

D. Demolition, handling, and disposal of designated bituminous pavement and concrete.
The proposed disposal facility shall be state approved.

E. Demolition and handling of parking lot lighting and associated electrical wiring and
conduits.

F. Relocation of an outdoor shelter, used for smoking to a designated temporary
location.

G. Excavation and exposure of an existing stormwater drainage line to determined if it
is breached in the vicinity of the proposed excavation area. If it is found to be
damaged, the Contractor will take appropriate measures to prevent infiltration of
sewer water into the excavation.

Site Preparation
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1.3 SUBMITTALS

A. Submit under provisions of Section 01300.

B. Bituminous pavement disposal facility: The Contractor shall submit copies of current

permits verifying MADEP approval for proposed disposal facilities.

C. Concrete disposal facility: The Contractor shall submit waste disposal
documentation including facility name, location and permit number.

1.4 REGULATORY REQUIREMENTS

A. All work shall comply with safety rules and regulations of local and State agencies
having jurisdiction. Nothing contained herein shall be construed as permitting work
that is contrary to such rules, regulations, and codes.

B. The Contractor shall obtain and pay for required permits from authorities, notify
affected utility companies before starting work, and comply with authorities' and
utility companies' requirements.

1.5 SCHEDULING AND SEQUENCING

A. Erosion control measures shall be established at the beginning of construction in
accordance with the requirements established in Section 02270 and maintained
during the entire period of construction. On-site areas that are subject to severe
erosion, and off-site areas that are especially vulnerable to damage from erosion
and/or sedimentation shall be identified and receive special attention.

B. The work zone will be clearly marked and secured using barricades and/or fencing to
prevent unauthorized entry.

C. All land-disturbing activities shall be planned and conducted to minimize the size of
the area exposed at any one time and the length of the time of exposure.

D. Surface water runoff originating from upgrade of exposed areas shall be controlled
to reduce erosion and sediment loss during the period of exposure.

E. Clearing activities shall be performed only after erosion and sediment controls are in
place.

PART2 PRODUCTS

2.1 WATER

A. Water used for dust control and equipment washes shall be clean and free of salt, oil,
and other injurious materials.

Site Preparation
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PART 3 EXECUTION

3.1 PREPARATION

A. The Contractor shall be deemed to have inspected the site and satisfied himself as to
actual grades and levels and true conditions under which the work will be performed.

B. Movement or settlement of adjacent structures shall be prevented. The Contractor
shall be responsible for providing and installing appropriate bracing and shoring as
specified in Section 02221, if necessary.

C. The Contractor shall be responsible for the markout of underground utilities prior to
excavation. The Contractor shall also be responsible to contact DIGSAFE to mark
out underground utilities.

D. The Contractor shall exercise reasonable care to verify locations of existing
subsurface structures and utilities.

E. The Contractor, in conjunction with TRC, shall check immediate and adjacent areas
subject to excavation by visual examination for indications of subsurface structures
and utilities.

F. Exploratory excavations may be made at the Contractor's expense where existing
subsurface structures and utilities may potentially conflict with proposed
construction. Exploratory excavations shall be made in the presence of TRC and
sufficiently ahead of construction to avoid possible delays to Contractor's work.

H. Temporary barriers and security devices shall be provided, erected, and maintained
by the Contractor. Erosion and sedimentation controls shall be installed prior to any
excavation activities and maintained by the Contractor during the course of the entire
project.

3.2 PROTECTION

A. The Contractor shall locate, identify, and protect utilities and fencing that remain
from damage.

B. Trees, plant growth, and features designated to remain shall be protected as final
landscaping.

C. Benchmarks and existing structures shall be protected from damage or displacement.

3.3 UTILITY LINES

A. Prior to excavation, the Contractor shall contact Dig-Safe and coordinate with
AMETEK to identify the locations of utility lines. Lines will be clearly marked out
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prior to any activities.

B. Prior to removal, the Contractor, TRC and AMETEK shall verify all structures and
utilities to be removed and depth of removal.

C. Prior to removing, disconnecting and capping utility lines, TRC and the Contractor
shall identify lines, coordinate with AMETEK to terminate service to those lines,
and lock-out power to electrical lines.

D. Operations shall cease immediately if adjacent structures appear to be in danger.
The Contractor shall notify TRC immediately and shall not resume operations until
directed by the TRC.

E. Operations shall be conducted with minimum interference to public or private
accesses and shall maintain protected egress and access at all times.

F. Work Areas shall be sprinkled with water as necessary to minimize dust. The
Contractor shall provide hoses and water.

G. Materials shall not be burned or buried. Site shall be left in a clean condition.

3.8 DISPOSAL

A. All debris shall be removed and disposed off-site. Debris not salvageable shall be
disposed at a permitted landfill. Burning will not be permitted.

B. Asphalt, brick and concrete (ABC) rubble coated or impregnated with any substance
shall not be used as on-site fill material or disposed at a construction debris landfill
or recycling facility.

C. All liquid waste (i.e., dewatering effluent) shall be disposed of at a state approved
and permitted facility in accordance with local, state, and federal regulations.

END OF SECTION
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SECTION 02140

DEWATERING AND DRAINAGE

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 WORK INCLUDES

A. Furnish, install, operate, monitor, maintain and remove temporary dewatering and
drainage systems as necessary to lower and maintain groundwater levels below
subgrades of excavations where required for soil excavation. Dewatering will be
continuous during excavation activities and the pumped groundwater will be stored
in an on-site 20,000-gallon storage tank (provided by the Contractor) for proper
disposal. It is anticipated that temporary dewatering sumps can be installed to
maintain groundwater levels below the subgrades of excavations.

B. Prevent surface water runoff from entering or accumulating in excavations.

C. Obtain and pay for all permits required for temporary dewatering and drainage
systems.

D. Collect and properly dispose of all discharge water from dewatering and drainage
systems in accordance with applicable local, state, and federal requirements and
permits.

E. Repair damage caused by dewatering and drainage system operations.

F. Remove temporary dewatering and drainage systems when no longer needed.
Restore all disturbed areas.

1.3 RELATED SECTIONS

A. Section 02221 - Earthwork.

B. Section 02270 - Sedimentation and Erosion Control.

Dewatering and Drainage
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1.4 SUBMITTALS

A. Submit in accordance with Section 01300 the temporary dewatering and drainage
system designs. Submittal will be for information only. The Contractor shall remain
responsible for adequacy and safety of construction means, methods and techniques.
If required, the Contractor shall engage a licensed professional engineer or
geotechnical engineer to design the dewatering systems.

B. Liquid waste (i.e., dewatering effluent) disposal Facility: The Contractor shall
submit waste disposal documentation including facility name, location and permit
number.

1.5 DEFINITIONS

A. Where the phrase "in-the-dry" is used in these specifications, it shall be defined as
in-situ soil moisture content of no more than two percentage points above the
optimum moisture content for that soil.

PART 2 PRODUCTS (Not Used)

PART 3 EXECUTION

3.1 GENERAL

A. Control surface water and groundwater such that excavation to final grade is made
in-the-dry, and bearing soils are maintained undisturbed. Prevent softening, or
instability of, or disturbance to, the subgrade due to water seepage.

B. The impact of anticipated subsurface soil/water conditions shall be considered when
selecting methods of excavation and temporary dewatering and drainage systems.
Where groundwater levels are above the proposed bottoms of excavations, a pumped
dewatering system is expected for predrainage of the soils prior to excavation to
final grade and for maintenance of the lowered groundwater level until construction
has been completed. Type of dewatering system, spacing of dewatering units and
other details of the work are expected to vary with soil/water conditions at a
particular location.

3.2 SURFACE WATER CONTROL

A. Control surface water runoff to prevent flow into excavations. Provide temporary
measures such as dikes, ditches and sumps.

3.3 EXCAVATION DEWATERING

A. Provide and maintain adequate equipment and facilities to remove promptly and
dispose of properly all water entering excavations. Excavations shall be kept
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in-the-dry, so as to maintain an undisturbed subgrade condition throughout
construction below grade, including backfill and fill placement.

B. Storm and sanitary pipe and electrical conduit, potentially needing replacement shall
not be installed in water or allowed to be submerged prior to backfilling. Pipe and
conduit which becomes submerged shall be removed and the excavation dewatered
and restored to proper conditions prior to reinstalling the pipe and conduit.

C. Dewatering and drainage operations shall at all times be conducted in such a manner
as to preserve the natural undisturbed bearing capacity of the subgrade at the bottom
of the excavation. If the subgrade becomes disturbed for any reason, the unsuitable
subgrade material shall be removed and replaced with compacted granular fill, or
other approved material to restore the bearing capacity of the subgrade to its original
undisturbed condition.

D. Dewatering and drainage operations shall be conducted in a manner which does not
cause loss of ground or disturbance to the pipe bedding or soil which supports
overlying or adjacent structures.

3.4 DISPOSAL OF DRAINAGE

A. Water discharged from temporary dewatering and drainage systems may be disposed
of by collecting the water in a temporary 20,000-gallon above ground storage tank
and removing it from the site.

B. Contaminated groundwater collected during dewatering activities shall be stored,
tested and disposed of in accordance with all applicable federal, state and local
regulations.

E. A Licensed Site Professional (LSP) is required when contaminated groundwater
above notification thresholds is withdrawn. TRC shall provide said LSP.

F. There will be no discharges to sewer, groundwater, or stormwater conveyance
without prior approval by TRC. Any discharges to a sewer system, surface water or
ground surface or subsurface must be performed in accordance with 310 CMR
40.0040.

END OF SECTION
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SECTION 02221

EARTHWORK

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION I - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 DESCRIPTION

A. The Contractor shall furnish all labor, material, tools and equipment necessary to
excavate and backfill for soil remediation; and handle, transport, and regrade as
indicated on the Drawings. The Contractor shall fumish and place all bracing, and
supports for excavations and utilities, if necessary; and shall do all pumping and
draining, if necessary. The Contractor shall raise the site to original, pre-surveyed
grades and compact the subgrade and intermediate layers to the required criteria.
The Contractor shall supply and stockpile all required soil materials for
supplemental backfill to the site.

B. Uncontaminated surface soil as determined by field screening and laboratory
analysis conducted by TRC will be stockpiled on-site, using appropriate
sedimentation controls, for reuse as clean backfill. Contaminated soil will be
transported off-site immediately for disposal according to applicable local, state and
federal regulations.

C. In cases where contaminated soil cannot be transported off-site immediately, the
contaminated soils shall be loaded into secured and covered roll-offs for disposal the
following day. Appropriate erosion/sedimentation and odor controls shall be
implemented.

1.3 WORK INCLUDES

A. Excavating and shoring or bracing sidewalls or utilities, as necessary.

B. Backfilling, consolidation, and compaction as scheduled.

C. Replacement of underground utilities, in kind, as needed.

Earthwork
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D. Restoration of pavement and parking lot lighting including electrical conduits and
wiring.

1.4 AVAILABLE INFORMATION

A. Existing utility information is provided on the Drawings. The information was
obtained for use in assessing utility location but the Contractor may draw his own
conclusions therefrom. No responsibility is assumed by TRC for utilities not
identified or conditions.

1.5 DEFINITIONS

A. Unsuitable material: Material containing vegetation or organic material, such as
mulch, peat, organic silt, topsoil sod, deleterious material, and/or particles greater
than 4-inches in diameter, that is not satisfactory for use as determined by TRC.
Certain manmade deposits such as broken concrete material may also be determined
to be unsuitable material. Unsuitable material includes contaminated and/or
hazardous material.

B. Compaction: The tamping and rolling of all fill and backfill placed in uniform
horizontal layers not exceeding six inches in thickness after compaction or eight
inches of loose lift. Water shall be added in such amounts as necessary to obtain
required compaction to a density of not less than 92 percent of maximum dry density
as determined by ASTM Designation D1557.

1.6 SUBMITTALS

A. The Contractor shall submit under provisions of Section 01300, the name of
imported material suppliers. These suppliers shall provide materials from same
source throughout the work. Change of source suppliers shall require approval from
TRC. Submitted material shall indicate that the source of backfill material is
"certified clean" (i.e., does not contain OHM in concentrations which exceed MCP
release thresholds).

B. The Contractor shall submit the manufacturer certificates of compliance for warning
and identification tape.

C. The Contractor shall provide the TRC on a daily basis, the results of all compaction
monitoring performed that day. The Contractor shall address the actions taken for
areas and layers that did not achieve the required density criteria.

1.7 REGULATORY REQUIREMENTS

A. The Contractor shall comply with all excavation, trenching, and related shoring and
bracing requirements of Occupational Safety and Health Administration (OSHA)
excavation safety standards, 29 CFR Part 1926.650 through 1926.652.

Earthwork
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1 .8 SOURCE QUALITY CONTROL

A. Inspection and testing will be performed under provisions of Section 01400.
Common backfill shall be tested by ASTM D422 once for every 2,000 tons of
material.

B. The Contractor shall provide certified analytical testing of backfill to demonstrate
that soil does not exceed the limitations for MCP reference/reportable
concentrations.

C. If tests indicate materials do not meet specified requirements, the Contractor shall
identify an alternative borrow source, test the new material, and submit results to
TRC.

1.9 LAYOUT AND GRADES

A. TRC shall layout all lines and establish locations to be excavated in accordance with
the Drawings. The Contractor shall establish original grades prior to excavation
activities and shall maintain sufficient reference points at all times during
construction to properly perform the project.

B. The Contractor shall establish permanent bench marks and replace as directed any,
which are destroyed or disturbed. Maintain sufficient reference points at all times
during construction to properly perform site regrading.

1.10 QUALITY ASSURANCE

A. Field inspection and testing will be performed by the Contractor under provisions of
Section 01400. Classification of all materials will be made by TRC whose decision
shall be final and binding on the Contractor.

B. Neither the presence of the TRC nor any observation and testing by TRC shall
excuse the Contractor from defects discovered in his Work at that time or subsequent
to the testing.

C. Contractor shall perform in-place density testing at a minimum frequency of one test
per lift in each excavation but no less than one test per 200 cubic yards of material
placed in any one lift. Compaction testing will be performed in accordance with
ASTM D1557, D2922, and D3017.

D. Subgrades shall be approved for compactness and material composition prior to
placing subsequent lifts. If inspections indicate Work does not meet specified
requirements, the work shall be removed, replaced, and compacted at no additional
cost to TRC.
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PART 2 PRODUCTS

2.1 COMMON BACKFILL

A. Common backfill material shall be soil containing no stone larger than 4-inches and
shall be substantially free of organic loam, wood, trash, or other objectionable
materials which may be decomposable, compressible or which cannot be properly
compacted. Common fill materials shall not contain less than 10 percent nor more
than 35 percent by weight of silt and clay. Common fill soils shall be classified as
conforming to ASTM D2487 Group Symbol SM, SC, SW, GW, or combinations
thereof.

B. Uncontaminated surface soil, excavated for this project, shall be reused provided the
grain-size distribution satisfies the specific criteria and the soils are deemed
acceptable by TRC.

2.2 SAND

A. Sand shall conform to ASTM C33 for fine aggregate. Sand shall be free of organic
material, loam, wood, trash, stones or pebbles or other objectionable material.

2.3 BURIED WARNING AND IDENTIFICATION TAPE

A. Polyethylene plastic and metallic core or metallic-faced, acid- and alkali-resistant,
polyethylene plastic warning tape manufactured specifically for warning and
identification of buried utility lines. Provide tape on rolls, 3-inch-minimum width,
color coded as stated below for the intended utility with warning and identification
imprinted in bold black letters continuously over the entire tape length. Warning and
identification to read, "CAUTION, BURIED LINE BELOW" or similar wording.
Color and printing is to be permanent, unaffected by moisture or soil.

B. Warning tape color codes shall be as follows:

Red: Electric
Orange: Telephone or other communication
Blue: Water system.
Yellow: Gas.

C. Warning tape for metallic piping shall be acid and alkali-resistant polyethylene
plastic tape conforming to the width, color, and printing requirements indicated
above. Minimum thickness of the tape shall be 0.003 inch.

D. Detectable warning tape for non-metallic piping shall be plastic tape conforming to
the width, color, and printing requirements indicated above. Minimum thickness of
the tape shall be 0.004 inch. The tape shall be manufactured with integral wires, foil
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backing, or other means of enabling detection by a metal detector when the tape is
buried up to 3 feet deep. Encase the metallic element of the tape in a protective
jacket or provide with other means of corrosion protection.

PART 3 EXECUTION

3.1 EXAMINATION

A. The Contractor shall be deemed to have inspected the site and satisfied himself as to
actual grades and levels and true conditions under which the work will be performed.

B. Bench marks and existing structures shall be protected from damage or displacement
from excavation equipment and vehicular traffic.

C. Areas required for execution of Work shall be cleared. The work area shall be free of
standing water and shall be dry.

3.2 UTILITIES

A. The Contractor will contact DigSafe at least three days prior to commencing any
excavation on the site. In addition, the Contractor will coordinate with TRC and
AMETEK to determine the location of underground utilities in the excavation area.

B. Should uncharted or incorrectly charted piping or other utilities be encountered
during excavation, TRC will be consulted immediately for directions as to procedure.
Cooperate with AMETEK and utility companies in keeping respective services and

facilities in operation. Repair damaged utilities to satisfaction of utility owner.

C. Do not interrupt existing utilities serving facilities occupied and used by AMETEK or
others.

3.3 INSPECTION

A. TRC will examine the areas and conditions under which excavating, filling, and
grading are to be performed and notify Contractor of conditions he may find that are
detrimental to the proper and timely completion of the Work. Do not proceed with
the Work until unsatisfactory conditions have been corrected in an acceptable
manner.

B. Excavation shall proceed to the limits as shown on the Drawings or as determined by
TRC, based on field screening and post-excavation sampling and analysis. In
general, excavation activities in an area shall first proceed until field screening
indicates that cleanup goals have been met. At such time, post-excavation sampling
will be performed by TRC and the excavation will be backfilled to prevent nuisance
odors. Based on the results of these post-excavation samples, TRC will direct the
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Contractor to excavate additional soils or discontinue excavation activities. The
Contractor shall protect all areas awaiting post-excavation sample results from
access by pedestrians, traffic and potential recontamination.

3.4 DUST/ODOR CONTROL

A. Take appropriate action to check the spread of dust to avoid the creation of a
nuisance in the surrounding area. Do not use water if it results in hazardous or
objectionable conditions, such as ice, flooding, or pollution. Comply with all dust
regulations imposed by local air pollution agencies. As a minimum, at no time shall
dust generation be allowed to exceed I mg/m3 at the Contract Limits without
implementing appropriate controls.

B. Take appropriate action to mitigate nuisance odors related to the petroleum
contamination. Odor suppressing foam or equivalent shall be used to mitigate odors
during excavation activities and shall be used in such a manner to promote a clean
work environment. In addition, contaminated soil will be transported immediately
off-site for proper disposal and the excavation will be backfilled as quickly as
possible to mitigate the potential for nuisance odors.

C. If contaminated soil cannot be transported off-site immediately, it shall be stored in a
secured, covered roll-off with appropriate erosion/sedimentation controls. It shall be
transported off-site the following day for proper disposal in accordance with
applicable local, state and federal regulations.

3.5 SURVEYING SUPPORT

A. The Contractor shall provide a survey crew to establish original and restored site
grades, and other features so directed by TRC. The survey crew shall be 40-hour
health and safety certified in accordance with 20 CFR 1910, part 128.

3.6 GENERAL EXCAVATION

A. The Contractor shall complete all excavation regardless of the type, nature or
condition of the material encountered. The Contractor shall be solely responsible for
making all excavations in a safe manner.

B. Contractor shall perform all excavation required to complete the Work as shown and
specified. This includes all soil, sediment, waste, earth, sand, clay, gravel, hardpan,
concrete, boulders not requiring drilling and blasting to remove, decomposed rock,
pavements, rubbish, and all other materials within the excavation limits, or as
otherwise specified by TRC. Additional removal and off-site disposal of
contaminated soils may be required based on post-excavation sampling to be
performed by TRC.
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C. Excavations shall include earth, sand, clay, gravel, pavements, rubbish and all other
materials within the excavation limits. Excavation shall include, but is not limited
to, removal, loading, and transportation and off-site disposal of the materials.

D. No on-site material processing or screening system(s) will be allowed due to the
possibility of generating objectionable odors or dust at unacceptable levels. On-site
segregation and separation of contaminated and uncontaminated materials using
conventional construction equipment or manual methods will be allowed as
approved by TRC. Appropriate practices to minimize odor and dust generation will
be employed during such activities. Dust and odor monitoring shall be conducted by
TRC in accordance with the site specific Health and Safety Plan.

E. Where excavation will occur below the ground water table, well points, cofferdams,
or other acceptable methods shall be used to permit excavation activities under dry
conditions. Dry conditions shall prevail during active work periods until regrading
activities are completed. In addition, excavation shall be protected from flooding
until backfilling is complete.

F. Stability of Excavations: Slope sides of excavations shall comply with codes and
ordinances of agencies having jurisdiction. Shore and brace where sloping is not
possible either because of space restrictions or stability of material excavated.
Maintain sides and slopes of excavations in a safe condition until completion of
backfilling.

G. Contractor shall perform excavation in a safe manner, which complies with OSHA
regulations.

H. Material Storage: Stockpile excavated uncontaminated surface soil in approved
areas, until required for backfill or fill. Place, grade, and shape stockpiles for proper
drainage. Provide appropriate hay bale or silt fence sediment barriers to prevent
erosion and sedimentation. All efforts shall be made to minimize the volume of soil
stockpiled on-site.

I. Locate and retain soil materials away from edge of excavations.

J. Dispose of contaminated soil material and waste materials off-site as specified
herein. Contaminated soil shall be immediately loaded and transported off-site for
proper disposal in accordance with local, state and federal regulations. If
uncontaminated soil cannot be transported off-site immediately, it shall be placed in
secured, covered roll-off containers with appropriate sedimentation/erosion and odor
controls. It shall be transported off-site the following day for disposal in accordance
with applicable local, state and federal regulations.

K. TRC shall be notified of unexpected subsurface conditions. Work shall be
discontinued in affected areas until notified to resume work by TRC.
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M. Grading in the vicinity of excavations shall be properly pitched to prevent water
from running into the excavations. Excavations shall be kept free from water during
performance of the work under this Contract at no expense to the TRC. Diversion
berms and other devices necessary for this purpose shall be built by the Contractor.

N. Excavation shall not be performed when weather conditions or the conditions of the
materials are such that, in the opinion of TRC, work cannot be performed
satisfactorily.

0. Appropriate measures shall be provided to retain excavation side walls and to ensure
that persons working in or near the excavation are protected. Shoring, or bracing
may be used to support the walls of excavations and to minimize seepage of
groundwater into the excavation. Method, design, construction, and adequacy of any
required bracing shall meet the OSHA requirements of 29 CFR Part 1926 and are the
responsibility of the Contractor. If an excavation support system is used, the
proposed system shall be designed by an engineer registered in the Commonwealth
of Massachusetts. The design and construction of the shoring, and bracing system
shall provide means for its removal as backfill progresses.

P. All damage related to or caused by the excavation shall be repaired at the expense of
the Contractor.

3.7 EXCAVATION NEAR STRUCTURES

A. Excavation may be near existing structures. The Contractor shall furnish, put in
place and maintain such bracing as may be required: by Federal, State and local
safety requirements to protect adjacent structures from undermining or other
damage; to support the sides of excavations; and to prevent any movement which
could in any way diminish the width of the excavation below that necessary for
proper construction. If TRC is of the opinion that at any points sufficient or proper
supports have not been provided, TRC may order additional supports put in, and
compliance with such order shall not relieve or release the Contractor from his/her
responsibility for the sufficiency of such supports.

Bracing shall be adequate to withstand all pressures to which the structure or trench
will be subjected. Any movement or bulging which may occur shall be corrected to
provide the necessary clearances and dimensions.

B. The Contractor shall notify TRC if the proposed limits of excavation may interfere
with the zone of bearing influence from foundations of structures. The zone of
bearing influence shall be within the 45 degree bearing splay of foundations.
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A. Displaced or loose soil shall be prevented from falling into any excavation. The
stability of soil slopes shall be maintained.

B. The Contractor shall provide shoring, bracing, trench boxes, and sheeting where
required.

C. The Contractor shall perform all work with utilities in accordance with the
procedures outlined by utility companies. Work immediately adjacent to or
exposing a utility shall use hand or light equipment for excavation. Uncovered
utility lines shall be removed and abandoned or as determined on the Drawings,
protected utilities shall be supported during excavating activities. Report damaged
utilities immediately to TRC.

3.9 STOCKPILING

A. Clean materials for backfilling shall be stockpiled on-site at locations as indicated on
the Drawings. Stockpiled materials shall be of sufficient quantities to meet project
schedule and requirements.

B. The clean materials for backfilling may be stockpiled on-site using a base lined with
6 mil. (or higher) gauge polyethylene and covered with 6 mil. (or higher) gauge
polyethylene.

C. Direct surface water away from stockpile site to prevent erosion or deterioration of
materials, as per Section 02270.

D. Stockpiles shall not exceed 35 feet in height with maximum side slopes of 2:1
(horizontal: vertical). Stockpiles shall be surrounded by silt fences and/or straw
bales.

3.10 STOCKPILE CLEANUP

A. Surplus stockpiled materials shall be removed by the Contractor to an off site
location designated by the Contractor. The area shall be left in a clean and neat
condition. Surface areas shall be graded to prevent free standing surface water.

3.11 PREPARATION

A. Subgrade surfaces shall be proof rolled by making a minimum of four passes over
the designated area with compaction equipment accepted by TRC. Subgrade shall
be compacted to density requirements for subsequent backfill materials.

B. If, through failure or neglect by the Contractor to conduct the excavation work in a
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proper manner, the surface of the subgrade is in an unsuitable condition for
proceeding with construction, the Contractor shall, at his own expense, remove the
unsuitable material and replace it. Failure of the Contractor to control surface or
ground water adequately, premature excavation at the work site, or other
manifestations of the Contractor's neglect or improper conduct of the work, as
determined by TRC, shall be grounds for requiring removal and replacement of
unsuitable subgrade without additional compensation.

C. Grading in the vicinity of backfilling shall be properly pitched to prevent water from
running into the backfilling. Work areas shall be kept free from water during
performance of the work under this Contract. Diversion berms and other devices
necessary for this purpose shall be built by the Contractor.

3.12 BACKFILLING - GENERAL

A. The Contractor shall not commence backfilling operations until TRC gives approval.
Temporary barricades and/or fencing will be used around all open excavation to
insure safety.

B. After the subgrade has been prepared, fill material shall be placed and built-up in
successive layers until the required elevations are reached. No fill shall be placed on
a frozen surface, nor shall snow, ice, or other frozen material be included in fill. Wet
materials containing moisture in excess of the amount necessary for satisfactory
placement or compaction shall not be used.

C. All fill shall be brought up in essentially level lifts and shall be placed in levels by
standard methods. The method of placement shall not disturb or damage other work.
Layers of fill shall not exceed 8 inches in uncompacted thickness before compaction,
unless otherwise specified, or as required for proper subgrade stabilization.

D. Filling operations shall continue until the fill has been brought up to the finished
slopes, lines, and grades.

E. The entire surface of the work shall be maintained free from ruts and in a condition
that will permit construction equipment to travel over any section readily. The top
surface of each layer shall be made level or slightly sloped away from the center of
the filled area. Fills should be graded to drain and compacted/sealed whenever
precipitation is expected.

F. Backfilling shall not be performed when weather conditions or the conditions of the
materials are such that, in the opinion of TRC, work cannot be performed
satisfactorily.

G. Placement thicknesses and compaction of fill in the work area shall be completed in
horizontal layers not exceeding six inches in thickness after compaction or eight
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inches of loose lift and compacted to at least 92 percent of the maximum dry density
as determined by ASTM D1557.

3.13 BURIED WARNING AND IDENTIFICATION TAPE

A. Install tape in accordance with manufacturer's recommendations except as modified
herein. Bury tape 12 inches below finished grade.

3.14 MOISTURE CONTROL

A. Moisture in fill materials shall be at or near optimum moisture content. Moisture
control shall be within the range of +1 to -3 percent of optimum. This standard shall
apply to all compacted fill regardless of the method of compaction used. If TRC
determines that the fill material to be used is excessively wet, the Contractor shall
dry the material.

B. If, in the opinion of the TRC, additional moisture is required, water shall be applied
by sprinkler tanks or other uniform distribution devises. If excessive amounts of
water or if rain should cause excessive wetness, the area shall be allowed to dry as
provided above.

3.15 BACKFILL - UNDER GROUNDWATER TABLE

A. The Contractor shall backfill the excavation with clean crushed stone backfill to the
top of the groundwater table. Crushed stone shall be proof-rolled at the water table.

B. The Contractor shall install the stabilization textile at the groundwater table with the
Engineers approval. The stabilization textile shall be installed in accordance with
the manufacturer's recommendations.

3.16 COMPACTION

A. Each layer of material shall be compacted by the use of rollers, equipment rubber-
tires, or other approved means so as to secure a dense, stable, and thoroughly
compacted mass.

B. Areas adjacent to structures or utilities and other areas inaccessible to mobile
compaction equipment shall be compacted with suitable approved devices.
Compaction by the latter method shall be done in 6-inch layers or lifts sufficient to
achieve the compaction specified.

C. No compaction shall be done when the material is too wet. If the compacted surface
of the fill layer is determined to be too smooth to provide an adequate bond with the
succeeding layer, the layer shall be loosened by scarifying or disced to allow
interlocking with the overlying lift.

Earthwork
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D. If at any time, TRC judges the degree of compaction being obtained is insufficient,
TRC may halt operations and order that a compaction test be taken at their
discretion. Tests in each area shall be performed at the Contractor's expense. No
more than three tests will be conducted in each area to confirm that adequate
compaction has been achieved. Areas found to be deficient in degree of compaction
shall be reworked, recompacted, regraded, and retested if required, at the sole
expense of the Contractor.

3.17 FINISHED GRADES

A. All areas covered by the project, including excavated and filled areas and adjacent
transition areas shall be uniformly graded so that finished surfaces are graded to
meet initial grades prior to excavation activities.

B. Grading shall be done by standard methods. Areas adjacent to structures and other
areas inaccessible to heavy grading equipment shall be graded by manual methods.
Embankments shall be graded at all times to ensure runoff of water.

C. Final grading shall be performed in such manner as to provide proper drainage from
the project site. Finished grades shall be pitched to drain away from structures. In
no case shall drainage from the project site be so altered or controlled as to result in
damage or the potential for damage, to adjacent property, or to any portion of the
Work executed under this Contract from erosion or flooding.

END OF SECTION

Earthwork
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SECTION 02270

SEDIMENTATION AND EROSION CONTROL

PART I GENERAL

1.1 GENERAL REQUIREMENTS

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 SCOPE OF WORK

A. Furnish all labor, materials, equipment and incidentals necessary to perform all
installation, maintenance, removal and area cleanup related to sedimentation control
work as shown on the Drawings and as specified herein. The work shall include, but
not necessarily be limited to; installation of temporary access ways and staging
areas, installation of silt fences/bags and hay bales and a construction entrance,
sediment removal and disposal, device maintenance, removal of temporary devices,
establishment of final cover and final cleanup.

1.3 SUBMITTALS

A. The Contractor shall submit an O&M Plan for Soil Erosion and Sediment Control
measures. O&M Plan shall include installation schedule and maintenance of control
measures. Establishment and schedule of permanent site stabilization measures.
O&M Plan shall be submitted for TRC approval, 10 days after Notice to Proceed.
The Plan shall include technical product literature for all commercial products to be
used for sedimentation and erosion control. The O&M Plan shall be revised as
necessary until approved by TRC. Contractor shall not proceed with site work until
O&M Plan is approved by TRC.

1.4 QUALITY ASSURANCE

A. Be responsible for the timely installation and maintenance of all sedimentation
control devices necessary to prevent the movement of sediment from the
construction site to off site areas or wetland areas via surface runoff or underground
drainage systems. Measures necessary to prevent the movement of sediment off site
shall be installed, maintained, removed, and cleaned up at by the Contractor.

Sedimentation and Erosion Control
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1.5 REGULATORY REQUIREMENTS

B. Fines and related costs resulting from failure to provide adequate protection against
soil erosion and sedimentation are the obligations of the Contractor.

C. Erosion and sedimentation control measures employed will be subject to approval
and inspection by governing agencies having jurisdiction over such work.

D. All erosion and sedimentation control work shall be conducted in accordance with
the Erosion and Sedimentation Control Guidelines (MADEP Division of Water

Supply).

E. No materials from excavations, stockpiles or site preparation activities shall be
deposited within 100 feet of the wetland areas to the east of the site.

1.6 QUALITY ASSURANCE

A. All erosion and sedimentation control work shall comply with applicable
requirements of governing authorities having jurisdiction. These specifications are.
not comprehensive, but rather convey the intent to provide complete slope protection
and erosion control for both the AMETEK and adjacent properties.

B. The Contractor shall obtain TRC's acceptance of clearing limits prior to
commencing clearing. This shall be done by clearly marking the limits of clearing.

1.7 SCHEDULING AND SEQUENCING

A. All land-disturbing activities shall be planned and conducted in a manner which
minimizes off-site sedimentation damage.

B. Erosion control measures shall be removed when the site is permanently stabilized.
Proper disposal of erosion and sediment control materials shall be the responsibility
of the Contractor.

PART 2 PRODUCTS

2.1 STRAW BALES

A. Straw bales shall consist of straw from acceptable grasses and legumes, free from
weeds, reeds, twigs, chaff, debris, other objectionable material or excessive amounts
of seeds and grain. It should be free from rot or mold, and the moisture content shall
not exceed 15 percent of weight at the time of weighing. The straw shall be securely
baled with wire of adequate size to allow for rusting while in use and to permit
rehandling when the bale is in a saturated condition. Individual bales shall be of a
longitudinal shape not exceeding 100 pounds when baled.

Sedimentation and Erosion Control
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B. Straw bales shall be wire or nylon bound straw bales. Wire or nylon shall be placed
horizontally to prevent deterioration of the bindings. Straw bales shall have 2
rebars, steel pickets or 2"x2" stakes placed a minimum of 1-1/2' into the ground.
First stake shall be angled toward previously placed straw bale. Gaps shall be filled
with loose straw or hay.

2.2 SILT FENCE/BAGS

A. Material characteristics for the silt fence fabric are presented on Table 02100-1.

Table 02 100-1

Physical and Mechanical Properties of Geotextiles

Property Test Method Required Minimum Value' Unit

Unit Weight: ASTM D3776 5 oz/yd2

Thickness ASTM D1777-64 80 mils

Puncture Strength ASTM D4833 100 lbs

Apparent Opening Size (AOS) ASTM D4751 Between 70 to 100 (0.21 to 0.1SO) sieve size

Grab Strength ASTM D4632 180 lbs

Grab Elongation ASTM D4632 50 %

Trapezoidal Tear Strength ASTM D4533 50 lbs

Mullen Burst Strength ASTM D3786 290 psi

Permitivity ASTM D4491-85 0.83 cm/sec

UV Resistance3  ASTM D4355-84 70 % strength retained

(@ 500 hrs.) I

'Minimum average roll values (MARV).
2For information only, not a required property.
3Manufacturer's certification required which states product exceeds required value for typical roll values.

2.3 STONE

A. Stone used for the stabilized construction entrance shall be 1 inch to 2 inch diameter
crushed stone.

PART 3 EXECUTION

3.1 STRAW BALE BARRIER INSTALLATION

A. Straw bale barriers shall be installed around catch basins potentially impacted by
excavation activities, around all stockpiled clean soil to be used as backfill, and
between the work area and the wetlands to the east.

B. Excavation shall be the width of the bale and the length of the proposed barrier to a
minimum depth of 4 inches.

Sedimentation and Erosion Control
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C. Bales shall be placed in a single row, lengthwise on proposed line, with ends of
adjacent bales tightly abutting one another. In swales, the barrier shall extend to
such a length that the bottoms of the end bales are higher in elevation than the top of
the lowest bale.

D. Staking shall be accomplished to securely anchor bales by driving at least two stakes
or rebars through each bale.

E. The gaps between bales shall be filled by wedging straw to prevent water from
channeling between the bales.

F. Any straw bales which become clogged or otherwise deteriorate shall be properly
maintained or replaced as necessary by the Contractor.

G. For straw bales installed around catch basins on asphalt paved and concrete surfaces,
straw bales shall be securely fastened together with wooden stakes, rebar, wire or
other means acceptable to TRC.

3.2 SILT FENCING INSTALLATION

A. The Contractor shall install the pre-manufactured silt fencing in accordance with the
manufacturer's recommendations at the locations shown on the Drawings. The silt
fence shall remain in place during the duration of the project and shall be removed
with the approval of TRC. In addition, silt bags shall be installed in catch basins in
accordance with manufacturer's recommendations. The silt fencing shall remain in
place for the duration of the project and shall be removed with the approval of TRC.

3.3 TEMPORARY CONSTRUCTION ENTRANCE

A. A temporary construction entrance consisting of a 6-inch layer of stone shall be used
to brush dirt off the tires of hauling vehicles. The construction entrance shall remain
in place during the duration of the project and shall be removed with the approval of
TRC.

3.4 MAINTENANCE AND INSPECTIONS

A. The Contractor shall make daily visual inspections of all sedimentation control
devices. If such inspection reveals that additional measures are needed to prevent
movement of sediment to offsite areas or into excavations, promptly install
additional devices as needed. Sediment controls in need of maintenance shall be
repaired promptly.

Sedimentation and Erosion Control
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3.6 REMOVAL AND FINAL CLEANUP

A. Once the site has been fully stabilized against erosion, remove sediment control
devices and all accumulated silt. Dispose of silt and waste materials in proper
manner. Regrade all areas disturbed during this process and stabilize against erosion
with surfacing materials.

END OF SECTION

S
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SECTION 02430

STORM DRAINAGE SYSTEM

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION I - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 DESCRIPTION

A. Work of this Section includes all labor, materials, equipment and services necessary
to complete the Storm Drainage System as shown on the drawings and specified
herein, including, but not limited to, the following:

1. Installation of onsite drainage systems, consisting of catch basins, drain
inlets, end sections, pipes and all necessary and required accessory items
and operations, including connections to existing drainage facilities.

2. Cleaning, testing and repairing of storm drainage system.

1.3 QUALITY ASSURANCE

A. The Contractor shall perform all his operations in accordance with the rules,
regulations and ordinances of those governing bodies having jurisdiction.

B. The installation of all drainage structures and pipe within Public R.O.W. and/or
Easements, shall conform to the requirements of the agency having jurisdiction.

C. The Contractor shall submit certification from the suppliers insuring that materials
are in conformance with this Section of the Project Specifications.

D. Leakage Tests

1. General Requirements

a. The Contractor shall perform all leakage tests on the
joint systems in accordance with the requirements

Storm Drainage System
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specified herein, when indicated on the Drawings,
including infiltration and exfiltration tests.

b. All labor, materials and equipment required to perform
leakage tests shall be furnished by the Contractor.

c. All water used for exfiltration tests shall be of a quality
acceptable to TRC.

d. Prior to acceptance of the pipe type and joints, line or
system, the tests and measurements of exfiltration shall
be constructed in a manner approved by TRC, and shall
apply to the whole system or any portion thereof All
tests shall be made and conducted by the Contractor in
the presence of TRC.

e. Sections of pipe tested for infiltration and exfiltration
prior to completion of the project shall be subject to
additional leakage tests, if warranted in the opinion of
TRC.

2. In-Place Methods of Testing

a. If TRC so desires the first section of any line between
two manholes shall be tested as soon as possible after
backfilling has been completed to at least two (2) feet
above to top of the pipe. If such tests appear to be

satisfactory and acceptable, progressive testing of
completed sections of the lines may be deferred, at the
option of TRC and at the request of the Contractor,
until all pipe has been laid, but before final acceptance.
However, if permitted, this procedure will not
constitute a waiver of any of the tests or the leakage
requirements. All tests shall be performed for a
minimum period of four (4) hours.

b. Where the crown of the pipe is below the natural
groundwater table at the time and place of testing, the
pipe shall be tested for infiltration. Suitable watertight
plugs shall be Installed and the section of pipe to be
tested shall be pumped dry before start of test.

Storm Drainage System
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c. Where the crown of the pipe is above the natural water
table, the pipe shall be tested for exfiltration by
installing necessary plugs, filling pipes and manholes
with water and during the test maintaining a static head
of water a minimum of two (2) feet above the crown of
the pipe.

d. All manholes, catch basins, curb Inlets and other
appurtenances to the system shall be tested for
watertightness by filling with water and visual
inspection of the exfiltration rate.

e. TRC shall be supplied a copy of the test results which
shall include amount of leakage and the location of the
observed leaks relative to joints, seams, etc. Leakage of
the test section shall not exceed 200 gallons per day per
mile per inch of nominal pipe diameter.

f. If the test results are outside the above limits, the
Contractor shall propose remedial action for approval
of TRC. Upon approval and performance of such
remedial action the test shall be re-run.

3. Pre-Placement Method of testing

a. Each test section shall include two (2) separately
manufactured sections of pipe joined together at the
finished ends by the approved jointing method for the
project.

b. The pipes shall then be cut, where required, to provide
a test section at least ten (10) feet in length. Each open
end of the test section shall then be bulkheaded with an
appropriate adaptable plate, one (1) of which shall be
fitted with a water valve and an air valve and pressure
gauge. The bulkhead shall be attached to the pipe
sections by an approved method consistent with the
type of pipe being tested.

c. Fabrication of the test section shall be performed in the
field, and shall be selected at random from the materials
delivered to the site. Upon completion of the
fabrication, the test section shall be placed vertically
and filled with water through the valve in the bulkhead.
When the test section has been completely filled with

Storm Drainage Systern
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water, the water valve shall be closed and an
appropriate source of compressed air attached to the air
valve. Air shall be added to the test section until a
pressure of 5 p.s.i. Is obtained. The pressure of 5 p.s.i.
shall be maintained for a period of eight (8) hours and
the points of leakage shall be noted. After eight (8)
hours, the pressure shall be released, without expelling
water, and the test section filled with measured amounts
of water to determine the leakage from the test section.

d. TRC shall be supplied a copy of the test results which
shall include amount of leakage and the location of the
observed leaks relative to joints, seams, etc. Leakage of
the test section shall not exceed 0.1 gallons per day per
inch of pipe diameter per lineal feet of laying length
between joints.

e. If the test results are outside the above limits, the
Contractor shall propose remedial action for approval
of TRC. Upon approval and performance of such
remedial action the test shall be re-run.

f. Installation of the approved pipe shall include the
remedial reassures which were required in the testing of
the pipe.

4. Correction of Defective Work

a. Any defects found in the system are to be made good at
the expense of the Contractor so as to conform strictly
to the Specifications and to the satisfaction of TRC.

b. All repairs shown necessary by the tests are to be
performed broken or cracked pipe replaced, all deposits
removed, the drain left true to line and grade and
entirely clean, free from lumps of cement, protruding
gaskets, bulkheads, etc., and ready for use before final
acceptance is made.

E. Cleaning and Repair

1. The Contractor shall be required to clean the entire drainage system of all
debris and obstructions. This shall include, but not be limited to, removal
of all formwork from structures, concrete and mortar droppings,
construction debris and dirt. The system shall be thoroughly flushed clean

Storn Drainage System
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and the Contractor shall furnish all necessary hose, pumps, pipe and other
equipment that may be required for this purpose. No debris shall be
flushed into existing storm drains or streams; all debris shall be removed
from the system as well as any temporary or permanent detention ponds
and disposed of in an approved offsite location.

2. After the system has been cleaned, the Contractor shall thoroughly inspect
the system and all repairs shown to be necessary shall be performed at the
Contractor's expense and to the complete satisfaction of TRC.

F. Final Inspection

1. Upon completion of the work and before final acceptance by TRC, the
entire drainage system shall be subjected to a final inspection in the
presence of TRC. The work shall not be considered as complete until the
requirements for line, grade, cleanliness, leakage tests and workmanship
have been completed to the satisfaction of TRC.

1.4 SUBMITTALS

A. The Contractor shall submit the following material designs for the type specified
for review and approval prior to materials being delivered to the site:

1. Reinforced Concrete Pipe

2. Nitrile Gaskets

3. Brick

4. Concrete and Mortar Mixes

B. The Contractor shall submit shop drawings of the following items for the type
specified prior to materials being delivered to the Site:

1. Precast Manholes, Catch Basins and Drain Inlets

2. Manhole Frames and Covers

3. Catch Basin and Drain Inlet Frames and Grates

4. Ladder Rungs

Storm Drainage System
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1.5 DELIVERY, STORAGE AND HANDLING

A. Storage and Handling of Pipe

1. Storage of pipe on the job shall be in accordance with the pipe
manufacturer's recommendations, subject to the approval of TRC.

2. All pipe shall be protected against impact, shock and free fall, and only
equipment of sufficient capacity and proper design shall be used in the
handling of the pipe. Special care shall be taken to prevent damage to
pipe coatings.

B. Damage to Pipe

1. General Requirements

a. Pipe which is defective from any cause, including
damage caused by handling, and determined by TRC as

unrepairable, shall be unacceptable for installation and
shall be replaced at no cost to TRC as directed by TRC.

b. Pipe that is damaged or disturbed through any cause
prior to acceptance of the Work, shall be repaired,
realigned or replaced as directed by TRC.

2. Minor Imperfections in Reinforced Concrete Pipe

a. Reinforced Concrete pipe with damage which is the
result of minor imperfections in manufacture which do
not affect the structural integrity of the pipe may be
repaired in the field. Repairs shall be sound, properly
finished and cured to the satisfaction of TRC and shall
conform to the requirements of these Project
Specifications.

1.6 JOB CONDITIONS

A. Excavation and Backfill

1. The provision of Section 02221 of these Project Specifications shall
govern all Work under this Section.

Storm Drainage System
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B. The installation of all drainage structures and pipe within the Public R.O.W.
and/or Easements, shall conform to the requirements of the agency having
jurisdiction.

PART 2 PRODUCTS

2.1 STORM DRAIN PIPE, FITTINGS AND JOINTS

A. Concrete Pipe

1. Non-reinforced Concrete Pipe (NCP-G) shall conform to the specifications
for Concrete Sewer, Storm Drain and Culvert Pipe," AASHTO
Designation M 86. Pipe Joints shall be so designed to utilize watertight
nitrile gaskets as a jointing treatment. Non-reinforced Concrete Pipe shall

only be used for pipes ten (10) inches in diameter and less unless
otherwise specified.

2. Reinforced Concrete Pipe (NCP-G) shall conform to the "Specifications
for Reinforced Concrete Culvert, Storm Drain and Sewer Pipe", AASHTO
Designation M-170. Pipe joints shall be so designed to utilize watertight
nitrile gaskets as a jointing treatment. Reinforced Concrete Pipe shall be
used for all pipes twelve (12) inches in diameter and larger, unless
otherwise specified.

The maximum depth of cover for Concrete Pipe shall conform to the following

MAXIMUM DEPTH OF COVER (FT.)

Class NCP RCP

II 9 9
III 13 13
IV - 18
V - 24

VI - -

3. No lift holes shall be permitted in pipes twenty-four (24) inches and
smaller in diameter.

3. All Concrete Pipe shall have a minimum cover of one (1) foot below
finished grade or six (6) inches below subgrade. Minimum cover for
construction equipment, except that required for subgrade preparation,
shall be two (2) feet.

Storm Drainage System
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B. Pipe End Sections

I. Reinforced Concrete End Sections shall meet the requirements of
AASHTO Designation M170. The flare shall be of the same thickness and
materials as the barrel, and shall have steel reinforcement equaling or
exceeding the amount for the pertinent size. Connection of end sections to
pipe shall be by means of standard joint.

C. Pipe Connections

1. Concrete Pipe

(a) Nitrile gaskets shall conform to ASTM C- 443.

(b) Nitrile Gasket Joint Sealer shall be in accordance with the
Specifications for Joints for Circular Concrete Sewer and Culvert
Pipe Using Nitrile Gaskets," AASHTO Designation M-198.

2.2 STRUCTURES

A. Brick shall conform to the "Specifications for Sewer and Manhole Brick (made
from Clay or Shale)", AASHTO Designation M-91, latest revision, Grade MS.

B. Concrete Block shall be solid block and shall conform to the "Specifications for
Concrete Masonry Units for Construction of Catch Basins and Manholes," ASTM
C-139, latest revision.

C. Precast Manholes, Catch Basins, Drain Inlets

1. Where called for on the Drawings or approved in writing by TRC, the
Contractor may substitute precast manholes, catch basins, and/or drain
inlets.

2. Precast Reinforced Concrete Manhole Sections shall conform to the
"Specifications for Precast Reinforced Concrete Manhole Sections",
AASHTO Designation M-199, latest revision.3. The minimum
compressive strength of the concrete used for all precast structures shall be
4,000 p.s.i. Where steps are required in structures, steps shall be installed
during the casting of the structures, aligned as specified herein. Joints in
the structures shall be tongue and groove joints, formed in such a manner
so that a mortar or nitrile seal can be applied.

Storm Drainage System
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4. No, precast manhole, catch basin or drain inlet shall be fabricated or
delivered to the job site until it has been approved by TRC. All structures
shall have number and manufacturer's name on each section.

5. Approval for the use of precast structures shall relieve TRC of any
additional costs for modification of openings due to line or grade changes,
deletion of structures, relocation of structures, or addition or deletion of
lines to be connected into the structures, and such additional cost shall be
at the Contractor's expense.

D. Manhole Frames and Covers

1. Manhole frames and covers shall be gray cast iron castings, conforming to
the requirements of AASHTO Designation M-105, latest revision, Class
30. The castings shall be true to pattern in form and dimensions as
specified and shall be free from pouring faults, sponginess, cracks,
blowholes and other defects that affect their strength and other
characteristics for the intended use. All surfaces shall have a workmanlike
finish.

2. All component parts shall fit together in a satisfactory manner and frames
and covers shall be of non-rocking design so as to prevent rocking or
rattling under traffic. Frames and covers that are warped or rocking, as
determined by TRC will be rejected and shall be removed and replaced by
the Contractor to the satisfaction of TRC at no cost to TRC.

3. Unless otherwise specified, the word "DRAIN" shall be integrally cast on
the cover in raised letters and centered. Letter size shall be two (2) inches.

4. All castings shall be coated with an asphalt paint which shall result in a
smooth coating and not be tacky or brittle.

E. Catch Basin and/or Inlet Frames and Grates

1. Catch Basin and/or Inlet Frames and Grates shall be cast iron and/or
fabricated steel as specified on the Drawings and in accordance with the
following requirements:

(a) Cast Iron shall be gray cast iron castings conforming to the
requirements of AASHTO Designation M-105 latest revision,

Class 30. All requirements of workmanship and material as
specified for manhole castings shall apply herein.

Stonn Drainage System
L2000-208 Div ll 02430-9



Former GE Facility, RTN-3-0518
Construction Specifications

Soil Remediation of EPLIDS Area

(b) Fabricated Steel shall meet the requirements of AASHTO
Designation M-183. Unless otherwise specified, all frames and
grates shall be galvanized in accordance with AASHTO
Designation M-l I 1.

2. All component parts of the frames and grates shall fit together In a
satisfactory manner and frames and grates shall be of a non-rocking design
so as to prevent rocking or rattling under traffic. Frames and grates that are
warped or rocking, as determined by TRC will be rejected and shall be
removed and replaced by the Contractor to the satisfaction of the TRC at
no additional cost to TRC.

F. Concrete shall conform to the requirements of Section 03305 of the Project
Specifications.

G. Reinforcement

.1. Reinforcement shall be new billet stock deformed steel bars conforming to
AASHTO Designation Grade 40. Steel wire fabric shall conform to
AASHTO Designation M-55. Metal accessories, chairs, ties and other
items necessary for proper placement of reinforcing, shall be provided.

2. Reinforcement shall be free from scale, oil, ice and structural defects and
shall be stored so as to prevent contact with the ground.

H. Mortar

1. Mortar shall be composed of one (1) part Portland Cement and two (2)
parts sand by volume. Hydrated lime not to exceed four (4) pounds of lime
to each bag of cement may be added as approved by TRC. Material
requirements shall be as follows:

(a) Portland Cement shall conform to the requirements of AASHTO
Designation M-85, Type 11.

(b) Hydrated Lime shall conform to the requirements of ASTM C4.

(c) Mortar Sand shall conform to the requirements of AASHTO
Designation M-45, except that aggregate shall be no coarser than
#8 sieve size.

(d) Water shall be clean and shall not contain any oil, acid, alkali,
salts, vegetable matter, organic matter or other deleterious
substances. When possible, water shall be from a municipal
system.

Storm Drainage System
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2. Hand mixing of mortar will be permitted only when, in the opinion of the
TRC, the amount of mortar to be used makes machine mixing undesirable.
When hand mixing is used, the Ingredients must first be thoroughly mixed
dry, in a tight box, after which the proper quantity of clean water shall be
gradually added and then the materials shall be hoed or worked until a
uniform mixture is secured. Admixtures may be added only with the prior
written approval and in the presence of TRC.

3. No greater quantity of mortar is to be prepared than is required for
immediate use, and it shall be worked over constantly with hoe or shovel
until used. No Mortar shall be retempered, and none shall be used more
than one and one-half (1 '/) hours after mixing. All mortar mixture which
remains upon stopping work shall be discarded.

I. Steps for Manholes and Inlets

This Specification covers the material requirements for steps for manholes and
inlets.

I. General: The minimum design live load, for steps, appurtenances and
fastenings, shall be a single concentrated load of 13.5 kN. The live loads
imposed by persons occupying the steps shall be considered to be
concentrated at such points as will cause the maximum stress in the
Structural member being considered.

Steps shall be designed so a worker's foot cannot slide off the end. The
minimum length of the rungs shall be 250 mm.

Whenever a combination of dissimilar types of metals are used in the
manufacture of steps, appurtenances and fastenings, the materials shall be
treated to prevent deleterious effects.

2. Materials: Manhole steps shall be fabricated from one of the following:

(a) Ferrous Metal. Steps shall conform to the following requirements:

Iron Castings - Class 25A, subsection 715-09.
Malleable Iron Castings - Grade 35018, subsection 71549. Steel -
ASTM A575, Grade M 1020, galvanized in accordance with
71941, Type 1.

The steps shall have a minimum cross sectional dimension of 25
mm exclusive of any coatings placed on them.

Storm Drainage System
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(b) Non-Ferrous Metal. Steps shall conform to the following
requirements:

Aluminum Castings - Alloy 356-T6, 715-03.
Wrought Aluminum 6061-T6, 6005-T5, or 6351-T6, 71544.

When aluminum steps are used, the portion of the step which will
be in direct contact with cement concrete or concrete mortar, shall
be coated with Zinc Chromate Primer conforming to the
requirements of subsection 70844 or shall be coated with
bituminous material approved by the Materials Bureau.

(c) Reinforced Plastic. Steps shall consist of polypropylene or other
plastic material meeting this specification. It may be extruded, cast,

or molded into the standard size and shape manhole steps, having a
steel core center for strength and completely covered by the plastic
molding for corrosion protection.

The plastic material shall have the following characteristics:

(1) Resistance to Salt and Caustic Solutions. Resistance to the
following solutions when submerged for 30 days:

10% Sodium Chloride
10% Hydrochloric Acid
10% Sodium Hydroxide
10% Sulfuric Acid

(2) Flow Point. A flow point of 160*C or greater.

(3) Flexibility. It shall remain flexible over a temperature range
of -30* C to + 120* C upon long aging.

(4) Fire Resistance. It shall be non-burning, self-extinguishing,
or very slow buming. The steel core shall be not less than
12 mm diameter and shall have the following physical
characteristics:

Tensile Yield - Minimum - 275 MPa
Tensile Strength - Minimum - 482 MPa

The plastic step, when cast into a concrete block the proper
depth shall withstand a minimum load of 13.5 kN applied
on 625 mm(2 ) area in the center of the step without cracking
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or breaking the plastic coating, loosening the step in the
concrete or permanently deforming the step.

PART 3 EXECUTION

3.1 INSPECTION

A. Examine the areas and conditions where the Storm Drainage System is to be
installed and notify TRC of conditions detrimental to the proper and timely
completion of the Work. Do not proceed with the Work until unsatisfactory
conditions have been corrected by the Contractor in a manner acceptable to TRC.

3.2 GENERAL

A. The Contractor shall install all drainage structures and pipe in the locations shown
on the Drawings and/or as approved by TRC. Pipe shall be of the type and sizes
specified and shall be laid accurately to line and grade. Structures shall be
accurately located and properly oriented.

3.3 PIPE INSTALLATION

A. Laying Pipe

1. Each length of pipe shall be laid with firm, full and even bearing
throughout its entire length, in a trench prepared and maintained in
accordance with Section 02315 of these Project Specifications. Pipe will
be laid upgrade unless otherwise directed by TRC.

2. Bell and spigot pipe shall be laid with the bell end upgrade; tongue and
grove pipe shall be laid with groove end upgrade. The pipe shall be joined
so that there will be a uniform space all around the pipe. Trimming of the
pipe will not be permitted.

3. Every length of pipe shall be inspected and cleaned of all dirt and debris
before being laid. Prior to the placing of a length of pipe, the end of the
previously laid length shall be carefully and thoroughly wiped smooth and
cleaned to obtain an even and close fitting joint.

4. No length of pipe shall be laid until the preceding lengths of pipe have
been thoroughly embedded in place, so as to prevent movement or
disturbance of the pipe.
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B. Full Lengths of Pipe

1. Only full lengths of pipe are to be used In the Installation except that
partial lengths of pipe may be used at the entrance to structures where
necessary to obtain a proper connection to the structure.

C. Pipe Entrances to Structures

1. All pipe entering structures (e.g. manholes, catch basins, etc.) shall be cut
flush with the inside face of the structures, and the cut ends of the pipe and
surface of the structure shall be properly rounded and finished so that there
will be no protrusion, ragged edges, or imperfections that will impede the
flow of water or affect the hydraulic characteristics of the installation.

2. Reinforcing steel shall not be left exposed in cut section of reinforced
concrete pipe. The method of cutting and finishing shall be subject to the
approval of TRC.

3. Only full sections of pipe shall be used where entering a structure which
will be exposed to view, such as endwalls, headwalls, end sections, etc.

4. All pipe connections to structures shall be watertight; the method subject
to approval of TRC.

E. Bedding and Backfilling

The type of materials to be used in bedding and backfilling and the method of
placement shall conform to the requirements of Section 02221 of these Project
Specifications.

F. Protection During Construction

1. The Contractor shall protect the installation at all times during
construction, and movement of construction equipment, vehicles and loads
over and adjacent to any, pipe shall be performed at the Contractor's risk.

2. At all times when pipe laying is not in progress, open ends of all pipes
shall be closed by approved temporary watertight plugs. If water is in the
trench when Work is resumed, the plug shall not be removed until the
trench has been pumped dry and all danger of water entering the pipe has
been eliminated.
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D. Tolerance

1. Pipe shall be laid accurately to the line and grade as shown on the
Drawings and/or as directed by TRC. Allowable tolerances shall be one-
half (2) inch on grade and one (1) inch on line in any section of pipe
between structures. Deviations from these tolerances shall be a basis for
rejection of the line of pipe by TRC. Any line which has been rejected
shall be rebuilt to the correct line and grade by the Contractor at his own
expense.

3.4 PIPE JOINTS

A. Jointing Concrete Pipe with Mortar

I. After each length of pipe is laid, the lower portion of the bell shall be
filled with mortar, and the succeeding length shall be laid In place so that
the Inner surfaces of the abutting lengths are flush. The remainder of the
joint shall be completely filled with mortar and sufficient additional
mortar used to form a bead around the joint flush with the outside
diameter of the bell. The inside of the joint shall be wiped and finished
smooth. Joints shall be thoroughly wet before the mortar is placed.

2. Concrete pipe with tongue and groove joints shall be laid so that the inner
surfaces of abutting sections are flush. The joints shall then be completely
filled with mortar. The inside of the joints shall be wiped smooth and the
outside pointed. Joints shall be thoroughly wet before mortar is placed.

B. Jointing Concrete Pipe with Cold Applied Pipe Joint Sealers

I. Bell and spigot pipe or tongue and groove pipe shall be wiped clean and
dry before applying the sealer to the pipe joint. Before the pipes are placed
in contract with each other, the spigot end or tongue end of the pipe shall
be completely covered with an excess of sealer, and then the pipe shall be
laid to the established line and grade so that the inside surfaces of abutting
pipe are flush.

2. The joints shall then be completely filled with the sealer so as to make a
watertight seal. All excess material shall be removed from the inside of the
pipe.

C. Jointing Concrete Pipe with Nitrile Gaskets

1. A premolded nitrile gasket shall be used where shown on the Drawings or
as specified. The gaskets shall be installed according to the manufacturer's
specifications and as approved by TRC.
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3.5 END SECTIONS

A. The Contractor shall furnish and install end sections in the locations and of the
type and size specified on the Drawings and/or as approved by TRC.

B. The method and manner of installation shall be as specified herein for the
installation of pipe.

3.6 MANHOLES, CATCH BASINS, DRAIN INLETS

A. General Requirements

1. All manholes, catch basins, and drain inlets shall be built in accordance
with the details and in the locations shown on the Drawings and as
specified herein.

2. Structures shall be constructed of brick masonry, precast solid concrete
block, cast-in-place Class A Concrete or precast concrete. Precast
structures will require shop drawing approval by TRC.

3. No concrete or masonry shall be laid when the temperature is below forty
(40) degrees Fahrenheit, or when indications are for lower temperatures
within twenty-four (24) hours, unless protection of concrete and masonry
is approved by TRC. In this event, Contractor shall take such measures to
prevent concrete and masonry from being exposed to freezing
temperatures for a period of not less than five (5) days after installation.
Approval of the method of protection by TRC shall not relieve the
Contractor of his responsibility to protect the masonry from freezing; and
any damage to the structure because of freezing shall be corrected by the
Contractor at his own expense, to the satisfaction of TRC.

4. All masonry shall be installed by personnel experienced and skilled in this
Work, and any person not deemed to be such by TRC shall be removed
and replaced by a person so qualified.

5. Manholes, catch basins and drain inlets are to be constructed as soon as
the pipe laying reaches the location of the structures. Should the
Contractor continue his pipe laying without making provision for
completion of the structures, TRC shall have the authority to stop the pipe
laying operations until the structure is completed.

6. In constructing manholes, catch basins, and drain inlets, the Contractor
shall accurately locate each structure and set accurate templates to
conform to the required line and grade. Any structure which is mislocated
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or improperly oriented shall be removed and rebuilt in its proper location,
alignment and orientation at the Contractor's expense.

7. All manholes, catch basins, and drain inlets located in a low point of a
pavement subgrade shall be provided with weep holes as indicated on the
Details of the Drawings.

B. Foundations

1. Unless otherwise specified, structures shall be constructed on foundations
of Class A Concrete in accordance with Section 03305 of these Project
Specifications and all foundations shall rest on firm ground of uniform
bearing, as approved by TRC.

C. Masonry

1. All brick or concrete block shall be thoroughly wetted before laying.

2. An masonry shall be laid in full bed of mortar, and all vertical and
horizontal joints shall be filled solid with mortar. Vertical joints on each
succeeding course shall be staggered. Joints shall be not less than 3/8 inch
or more than MA inch wide. Joints on the inside of the structure shall be
neatly struck and pointed.

3. The first course of masonry shall be imbedded in the Concrete foundation
immediately after the foundation has been poured.

4. Where specified, the interior surface of the walls shall be painted upon
completion with three (3) coats of neat cement grout without sand, applied
with an interval of at least 24 hours between applications. The exterior
surface of the walls shall be plastered with a one-half (2) inch coat of 1:2
cement mortar.

D. Inverts

I. Brick or smooth concrete invert channels shall be constructed in all
manholes and in all catch basins and drain inlets which do not have sumps,
to insure a smooth flow of water through the structure.

2. The invert channel shall be constructed to the elevations shown on the
Drawings. Channels shall slope smoothly and evenly from the entrance
pipe to the outlet pipe.

3. Special care shall be taken in laying brick inverts. Joints shall not exceed
three sixteenth (3/16) inch in thickness and each brick shall be carefully
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laid in full cement mortar joints on bottom, side and end in one operation;
no grouting or working in of mortar after laying of the brick will be
permitted.

4. When specifically approved by TRC, split concrete pipe may be used as
invert channels. Split pipe for channels will only be considered in those
instances where the drain line is of concrete pipe and the major inflow
pipe and outflow pipe are of the same size and alignment.

5. Invert channels shall be built for future extensions where shown on the
Drawings and/or where directed by TRC.

E. Frames, Covers and Gratings

1. Frames, Covers and/or Gratings for manholes, catch basins and drain
inlets shall be of the type and size indicated on the Drawings. Frames shall
be well bedded in mortar and shall be set accurately to the correct
alignment and grade. In areas to be paved, frames shall be set by using
four (4) points of reference, set 90 degrees apart, to insure accurate setting
to proposed pavement grade.

2. Where drain inlets are to be located along curb lines or at edge of
pavements, sufficient -length of proposed curb or edge of pavement
adjacent to the structure shall be established prior to construction of the
inlet to insure that the structure is correctly located and oriented.

F. Ladder Rungs

1. Ladder rungs shall be installed in all manholes in a ladder-like manner,
spaced fifteen (15) inches on center vertically. Rungs shall be set securely
In place during the construction of the masonry wall.

2. Ladder rungs shall also be installed in all catch basins and drain inlets
greater than five (5) feet in depth unless otherwise specified.

G. Precast Structures

1. Precast structures shall be installed only after shop drawings have been
approved.

2. The base unit of the precast structures shall be founded on an approved
compacted subgrade. Should the base unit be a slab only, the first riser
unit shall be set in a pad of one half (2) inch minimum thick mortar or as
recommended by the Manufacturer and approved by TRC. Grout around
pipes which protrude through the walls of the structure and on all joints
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shall contain "Antihydro", or other approved additive, to insure
watertightness. Cement grout shall contain two parts cement to one part
sand and additive in accordance with manufacturer's recommendations.
Mortar shall be applied to the bottom 1/3 of the opening before the pipe is
inserted.

3. The top grade of the precast concrete corbel section shall be set
sufficiently below finished grade to permit a maximum of four (4) and a
minimum of two (2) courses of eight (8) inch brick to be used as risers to
adjust the grade of the casting. Manhole frames shall be set on a grout pad
as specified herein.

END OF SECTION
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SECTION 02500

PAVING AND SURFACING

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 DESCRIPTION

A. The Contractor shall furnish all labor, material, tools, and equipment necessary to
install a bituminous concrete cap at location shown on the Drawings,

1.3 WORK INCLUDES

A. Installation of modified crushed stone sub-base under areas to be paved.

B. Supply and installation of bituminous concrete pavement at areas to be paved.

C. Supply and installation of tack coat at the connection of existing and new bituminous
concrete.

1.4 RELATED SECTIONS

A. Section 01020 - Special Requirements.

B. Section 01070 - Reference Standards.

1.5 REGULATORY REQUIREMENTS

A. All materials and work shall conform to those specified in the latest edition of the
Standards Specifications for Highways and Bridges, Commonwealth of
Massachusetts, Highway Department.

B. All work shall comply with the safety rules and regulations of the local and state
agencies having jurisdiction. Nothing contained herein shall be construed as
permitting work that is contrary to such rules, regulations, and codes.
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1.6 ENVIRONMENTAL REQUIREMENTS

A. Asphalt shall not be placed when ambient air or base surface temperature is less than
40 degrees F, or if the surface is wet or frozen.

B. Bituminous mixture shall be placed when temperature is not more than 15 degrees F
below bituminous suppliers bill of lading and not more than maximum specified
temperature.

PART2 PRODUCTS

2.1 CRUSHED STONE SUBBASE

A. Crushed stone for subbase material under bituminous pavement shall conform to
requirements for Aggregate Base Course M2.01.4 as specified in Section M2 of the
reference specification.

2.2 PAVEMENT

A. The pavement shall conform to requirements for Class I Bituminous Concrete
Pavement, Type I-1, Section 460 of the reference specification.

2.3 TACK COAT

A. Tack coat shall conform to the requirements for cutback asphalt, M3.02.0 of the
reference specification.

PART 3 EXECUTION

3.1 GENERAL

A. All work shall be done by skilled and experienced craftsmen, working under the
supervision of a capable foreman. All workmanship shall be of the highest quality
and to the complete satisfaction of TRC. All materials shall be applied in
accordance with the manufacturer's directions and shall be changed only at the
written direction of TRC.

3.2 SUBGRADE PREPARATION

A. Subgrade conditions shall be verified under provisions of Section 01400.

B. The subgrade shall be shaped to true and even lines so as to assure a uniform
thickness of the stone base course required under paved areas. Gradients and
elevations of subgrade shall be verified as being correct as per Article 3.6 -
Tolerances of this Section.
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C. Compacted subgrade shall be verified as being dry, thoroughly compacted and
stabilized prior to the placing of crushed stone subbase and ready to support paving
and imposed loads.

D. The subgrade shall be compacted to densities as specified in Articles 1.6, 1.11, 3.12
and 3.16 - Schedule of Section 02221 - Earthwork prior to the placement of the stone
base. Any soft, spongy or yielding subgrade material shall be removed and replaced
with suitable material, or otherwise corrected and made stable before construction
proceeds. Excavated materials may be stockpiled and reused if approved by TRC.

3.3 CRUSHED STONE SUBBASE

A. The crushed stone subbase shall be thoroughly compacted, homogeneous material
conforming to the required thickness prior to placing of surface treatment. TRC will
verify that the crushed stone subbase is ready to support paving and imposed loads.

B. Crushed stone shall be compacted to 95 percent of maximum dry density as
determined by ASTM D1557. Compaction of the crushed stone shall be in
accordance with Section 401.60 of the reference specification.

C. Gradients and elevations of gravel shall be verified as being correct as per
Article 3.6 - Tolerances of this Section.

3.4 TACK COAT

A. Tack coat shall be applied to base course in accordance with manufacturer's
instructions.

3.5 BITUMINOUS CONCRETE PAVEMENT PLACEMENT

A. Pavement course shall be placed within two hours of placing and compacting base
course and to the thickness identified in Article 3.9 - Schedules at the end of this
Section.

B. Pavement course placement shall conform to requirements of Section 420.60 of the
reference specification.

C. Pavement shall be compacted by rolling to specified density. Pavement shall not be
displaced or extruded from position.

D. Pavement shall be hand-compacted in areas inaccessible to rolling equipment.

E. Rolling shall be performed with consecutive passes to achieve even and smooth
finish, without roller marks.
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F. All finished paving shall conform to the original grade and elevations of the
surrounding topography or as changed by TRC due to field conditions.

G. Finished paving surface shall be a uniformly closed, dense and smooth surface.
Paved areas shall surface drain completely.

3.6 TOLERANCES

A. Flatness: Maximum variation of 1/4-inch measured with 10 foot straight edge.

B. Scheduled Compacted Thickness: Within 1/4-inch.

3.7 FIELD QUALITY CONTROL

A. Section 01400 - Quality Control: Contractor to provide field inspection and testing.

3.8 PROTECTION OF FINISHED WORK

A. Protect finished Work under provisions of Section 01700.

B. Immediately after placement, protect pavement from mechanical injury until
adequate stability has been attained or until surface temperature is less than 140
degrees F.

3.9 SCHEDULES

A. Pavement: Three courses: gravel subbase of 8 inch compacted thickness; pavement
course of 2-inch compacted thickness; and, tack coat.

END OF SECTION
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SECTION 02940

CONTAMINATED SOIL EXCAVATION

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION 1 - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 DESCRIPTION

A. The Contractor shall furnish all labor, material, tools and equipment necessary for
excavation, tracking, handling, and temporary storage of contaminated soil, and for
transport and disposal of fluids and solids generated during decontamination of
vehicles and personnel as part of this Work.

1.3 WORK INCLUDES

A. Excavating and shoring or bracing as necessary.

B. Transportation and Disposal of contaminated soil.

C. Decontamination of equipment and vehicles and disposal of resulting liquid and
solids.

D. Backfilling of excavated areas, resulting from the excavation of contaminated soils
is part of the Work of Section 02221 - Earthwork.

1.4 RELATED SECTIONS

A. Section 0 1020 - Special Requirements.

B. Section 01025 - Unit Prices.

C. Section 01070 - Reference Standards.

D. Section 01300 - Submittals.

Contaminated Soil Excavation
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E. Section 01400 - Quality Control.

F. Section 02100 - Site Preparation.

G. Section 02270 - Sedimentation and Erosion Control.

H. Section 02221 - Earthwork.

. Section 02601 - Existing Utilities.

1.5 SUBMITTALS

A. TRC shall be responsible for field screening and post-excavation soil sampling and
analysis.

B. The Contractor shall submit to TRC all pertinent information relating to the
contaminated soil and contaminated water disposal or recycling facilities. Facility
acceptance (for soil) shall be granted prior to commencement of excavation
activities. The facility information shall include the following:

1. General Information

a. Facility name

b. Facility address

c. Name and title of contact person

d. Telephone number of contact person

e. Permit number

2. The facility shall provide a listing of current and valid permits, licenses, letters
of approval and other authorizations to operate pertaining to the receipt and
management of the water specified in this contract.

C. The Contractor shall submit a decontamination water disposal plan as part of the
Work Plan.

D. TRC shall be responsible for all field screening and soil and groundwater sampling
for waste characterization and post-excavation sampling. Waste characterization
data will be submitted to the Contractor and the Contractor will be responsible for
obtaining disposal facility approval. In addition, TRC will be conducting health and
safety monitoring in accordance with the Site Specific Health and Safety Plan.

Contaminated Soil Excavation
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1.6 REGULATORY REQUIREMENTS

A. The Work of this Section shall be performed in accordance with all applicable
Federal, State, and local regulations, laws, codes, and ordinances governing the
handling, transportation, and disposal of hazardous mateials.

B. The Contractor shall obtain all necessary permits and state licenses in conjunction
with contaminated soil and water, restricted soil hauling and disposition.

1.7 DEFINITIONS

A. Decontamination Water - Water generated by the Contractor in decontaminating
procedures of excavation equipment within contaminated areas.

B. Contaminated Soil - Soils or fills determined by analytical results to contain oil
and/or hazardous material at concentrations equal to or greater than a release
notification threshold established by 310 CMR 40.0300 and 40.1600.

C. Contaminated Groundwater - Groundwater determined by analytical results to
contain any contaminants in excess of MCP reference/reportable concentrations.

1.8 QUALITY ASSURANCE

A. TRC will be the generator and will sign all Bills of Lading. Any hazardous waste
manifests will be signed by a TRC agent for Lockheed Martin Corporation. The
Licensed Site Professional for this project (provided by TRC) will generate the Bills
of Lading. All contaminated soil material shall be transported under bills of lading
approved by MADEP.

B. TRC will direct the segregation of contaminated soil versus uncontaminated soil
and will conduct all necessary sampling and health and safety monitoring. Neither
the presence of TRC nor any observation and testing TRC shall excuse the
Contractor from defects discovered in his Work.

PART 2 PRODUCTS

2.1 GENERAL

A. The Contractor shall provide all employees and Subcontractor(s) with personal
protective equipment and protective clothing consistent with the levels of protection
for this Work as indicated in the Site Specific Health and Safety Plan (HASP).
TRC will provide on-site health and safety monitoring, in accordance with the
HASP

Contaminated Soil Excavation
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2.2 STORAGE OF EXCAVATED MATERIALS

A. Only new clean backfill or uncontaminated surface soil material shall be stockpiled
on-site in accordance with the most recent version of MADEP guidance policies.
Contaminated soil shall be loaded and immediately transported off-site for proper
disposal.

B. If contaminated soil cannot be immediately transported off-site, it shall be stored in
secured, covered roll-off containers for transport off-site the following day.
Appropriate sediment/erosion and odor controls must be implemented and disposal
shall be done in accordance with applicable local, state and federal regulations.

PART 3 EXECUTION

3.1 GENERAL

A. The Contractor shall perform all contaminated soil excavation work in accordance
with TRC's Health and Safety Plan. Contaminated soil excavation work shall
include mass excavations and any incidental soil work.

B. The Contractor shall excavate soil to the limits necessary to achieve the required
cleanup as directed by TRC.

C. The Contractor shall provide all layout field data, including ties, to TRC. The
Contractor shall maintain all required field controls throughout the performance of
the Work.

D. All site health and safety controls shall be fully established and in operation prior to
beginning any contaminated or potentially contaminated soil excavation. Site
controls shall include but not be limited to work zones properly secured,
decontamination facilities, and all support equipment and supplies including
personal protective equipment. All site controls shall be reviewed by TRC in the
field.

3.2 EXCAVATION OF CONTAMINATED MATERIAL

A. Work and decontamination procedures in areas containing contaminated material
shall be performed in accordance with standard engineering practices. The
contractor shall apply engineering and/or work practice controls as a means of
protecting personnel in performance of site-specific tasks. Engineering controls
shall be implemented to reduce and maintain employee exposure to at or below safe
levels for those tasks demonstrating known or suspected hazards. TRC will be
conducting monitoring as required in the site Health and Safety Plan.
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B. Contractor shall employ methods necessary to isolate contaminated soils from
non-contaminated soils, including benching.

Adequate measures must be taken to minimize dust and nuisance odors.

C. The excavation may include removing additional soils found to contain residual
contamination as directed by TRC based on field screening and post excavation
sampling and analyses.

D. TRC will be conducting the field screening and post-excavation sampling and
analysis.

E. TRC may direct the Contractor to excavate additional soil from areas beyond the
designated excavation limits containing residual product based on the field
screening and post-excavation analytical results from this sampling. The Contractor
shall perform this Work at the unit prices established.

F. The Contractor shall separate excavated contaminated soil as directed by TRC.

3.3 STORAGE OF EXCAVATED MATERIAL

A. Only clean material to be used as backfill can be stockpiled on-site. Soil shall be
stockpiled in accordance with this Section and Section 02100, Article 3.7. Haybales
shall be place around the stockpile as per Section 02270.

B. Excavated contaminated soil shall be loaded and immediately transported off-site
for proper disposal in accordance with applicable local, state and federal
regulations.

C. If a roll-off container must be used for temporary storage (described previously in
Section 2.2), the roll-off must be properly secured and covered to prevent any
infiltration of stormwater or exfiltration of leachate. In addition, a containment dike
shall be constructed around the filled soil roll-off containers.

D. Soils shall be suitably dewatered prior to their leaving the site, to prevent free water
from developing during transport to the disposal facility.

3.5 EQUIPMENT AND VEHICLE DECONTAMINATION

A. All tools and any equipment used to handle any contaminated material shall be
decontaminated prior to leaving the work area and between areas of excavation.
This shall include all tools, heavy machinery, and excavation and hauling
equipment used during excavation and handling of contaminated material including
the tires, tracks, and under carriages of equipment.

Contaminated Soil Excavation
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B. The Contractor shall construct a decontamination pad to be used to decontaminate
equipment and vehicles exiting from contaminated areas. The Contractor shall be
responsible for the maintenance and operation of the decontamination station
(decontamination pad and wash down equipment) throughout the duration of the
work activities. The Contractor shall provide a collection system for the
decontamination pad wash water. The Contractor shall collect all wash water
resulting from the decontamination process. At the completion of the project, the
Contractor shall dismantle and properly dispose of the decontamination pad and
resulting contaminants.

C. The minimum design requirements of the decontamination pad are as follows:

1. Pad shall have adequate size to accommodate the width and length of the
largest piece of equipment that will be used in contaminated areas.

2. The pad shall be constructed of 40-mil HDPE geomembrane material or 20-mil
scrim reinforced HDPE and non-woven geotextile composite and shall have a
minimum 24-inch high supported containment berm around the perimeter.

3. Pad shall be sloped to a low point sump to allow for thorough collection of
decontamination water.

D. All decontamination water within the decontamination pad shall be collected,
pumped to, and contained in an aboveground secure storage tank used for
dewatering. Decontamination water shall be treated off-site in accordance with
applicable regulations. The Contractor shall have adequate storage facilities to
properly contain all decontamination water. The Contractor shall submit a
decontamination water collection and disposal plan as part of the Work Plan
described in Section 01020.

E. The decontamination pad shall be removed and disposed of following the
completion of Work. The pad shall either be disposed of with other contaminated
material or disposed of as conventional rubble if the Contractor can substantiate,
through analytical testing, that the debris is not contaminated. Disposal of the debris
shall only be allowed following the TRC's review of a confirmatory sampling plan.
The Contractor shall submit a decontamination pad disposal plan including all
proposed sampling and analysis.

END OF SECTION
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SECTION 02950

TRANSPORTATION AND DISPOSAL OF CONTAMINATED MATERIAL

PART 1 GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all
Sections within DIVISION I - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

1.2 DESCRIPTION

A. The Contractor shall furnish all labor, material, tools and equipment necessary for
the transportation and disposal of contaminated materials.

B. The Contractor is required to recycle/reuse contaminated soil at Out-of-State and/or
In-State Recycling Facilities or In-State reuse Facilities instead of disposal at any
lined landfill if the excavated material is of acceptable physical quality, (proper
gradation, minimal amounts of debris) and chemical quality, and the Contractor can
identify a facility willing and permitted to accept the material. Facility acceptance
for contaminated soil disposal must be given prior to commencement of excavation
activities.

C. The Contractor shall submit all of the information required in Article 3.3B of this
Section for the recycling/reuse facility.

1.5 SUBMITTALS

A. The Contractor shall submit to TRC for review, as a single submittal, all pertinent
information relating to the transport and disposal of materials specified herein,
within 14 days after issuance of the Notice to Proceed. The information submitted
shall include, as a minimum:

I. Name and address of all contaminated material transporters to be used to
complete project.

2. Massachusetts Department of Transportation Transporter Identification
Number and expiration date.

3. Proof of permit, license, or authorization to transport contaminated material in
all affected states.

Transportation and Disposal of Contaminated Material
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4. Soil recycling/asphalt batch information described in Article 3.3.

1.6 DEFINITIONS

A. Out-of-State Recycling Facility - This type of facility shall be state approved or
permitted to accept soil that is defined as a hazardous material in 310 CMR 30.00,
but is not classified as either a RCRA characteristic waste or RCRA listed waste as
defined in 40 CFR Part 261; soil containing PCBs below the facility's permitted
level; and all other soil not permitted or unsuitable for in-state disposal or recycling.

B. In-State Recycling Facility - This type of facility shall be approved by the
Commonwealth of Massachusetts to accept soil that is classified as petroleum
contaminated soil, that would be classified as a hazardous material in 310 CMR
30.00 if not managed under M.G.L. c.21 E and 310 CMR 40.00; and is not
classified as a RCRA characteristic waste or RCRA listed waste as defined in 40
CFR Part 261.

C. Material - Soil, pavement, cobblestones, sorptive pads, ballast, railroad ties, rocks,
concrete, pipes, and miscellaneous structures and debris.

1.7 REGULATORY REQUIREMENTS

A. The Work of this Section shall be performed in accordance with all applicable
Federal, State, and local regulations, laws, codes, and ordinances governing the
handling, transportation, and disposal of contaminated material.

B. The Contractor shall obtain all Federal, State and local permits required for the
transport and disposal of contaminated soil. The Contractor shall adhere to all
permit requirements.

C. The Contractor shall document that the disposal facilities proposed have all
certifications and permits as required by Federal, State and local regulatory agencies
to receive and dispose of the contaminated soil.

PART 2 PRODUCTS

2.1 GENERAL

A. All Contractor personnel shall wear personal protective equipment and protective
clothing consistent with the levels of protection for this Work as indicated in the
Site Specific Health and Safety Plan.

Transportation and Disposal of Contaminated Material
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PART 3 EXECUTION

3.1 GENERAL

A. TRC will sign all MADEP bills of lading. All soil material shall be transported
under MADEP bills of lading regardless of the chemical quality of the soils. TRC
will provide LSP Services and generate all Bill of Ladings prior to transport.

3.2 SOIL CHARACTERIZATION

A. Contractor shall be responsible for characterizing the soil for the purpose of
obtaining approvals for final disposal of contaminated material. The Contractor
shall be responsible for obtaining approval from the disposal facilities.

3.3 SOIL RECYCLING

A. The soil recycling facility shall be permitted pursuant to 310 CMR 30.00 and 310
CMR 19.00 and shall be a hot mix asphalt plant, thermal processing plant or a cold
mix emulsion plant. The facility shall be eligible to accept petroleum contaminated
soil without MADEP approval provided that levels of contaminants in the soil are
below de minimus levels listed below, and specific levels established in the
facility's Class A Recycling Permit.

B. The Contractor shall submit to TRC initial approvals or letters of intent and facility
information for the recycling facility selected, within 14 Days of issuance of the
Notice to Proceed. The facility information shall include the following:

1. General Information

a. Facility Name

b. Facility Address

c. Name of Contact Person

d. Title of Contact Person

e. Telephone Number of Contact Person.

f. Permit Number.

2. The facility shall specify the volume of material that can be accepted from the
site on a weekly and a total basis.

3. The facility shall provide written confirmation that they are permitted to accept
and will accept the classified soil of the general quality and quantity described

by these Specifications.
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4. The facility shall provide a listing of all current and valid permits, licenses,
letters of approval, and other authorizations to operate that they hold, pertaining
to the receipt and management of the soils or materials specified in this
Contract.

5. The Contractor shall submit a complete list of the disposal facility's permitted
allowable contaminant levels and physical characteristic requirements for
contaminated material, and list any required regulatory approvals for individual
waste streams.

6. Soil set for asphalt batching shall not exceed any of the maximum contaminant
levels presented below.

Facility Maximum Contaminant Levels
Hot Mix Asphalt Thermal Processing Cold Mix Emulsion

Contaminant Plant (mg/kg) Plant (mg/kg) Plant (mg/kg)
Total Arsenic (As) 30 30 30
Total Cadmium (Cd) 30 i1 30
Total Chromium 500 500 500

Total Mercury 10 3 10

Total Lead 1,000 1,000 1,000

Total VOCs 30 to 1,800 30 to 1,800 30 to 1,800

TPH 5,000 to 60,000 5,000 to 6,000 5,000 to 60,000

Total PCBs <2 <2 <2

Total Halogenated VOCs 5 5 5

Listed or Characteristic None None None
Hazardous Waste (TCLP)

3.6 WASTE PROFILES AND MANIFESTS

A. TRC shall be responsible for preparing and submitting all waste profile applications
and questionnaires. The Contractor shall be responsible for coordination with
disposal facilities and all Federal and State Environmental Agencies.

B. TRC shall be responsible for preparing all Bills of Lading with all applicable
analytical backup, notification, and control forms. TRC will provide LSP signature
for the Bill of Ladings.

C. The Contractor shall provide certified tare and gross weight slips for each load
received at the designated facility which shall be attached to each returned bill of
lading.

D. TRC will sign all waste profile applications or questionnaires.

E. The Contractor shall submit to TRC, prior to receiving progress payment,
documentation certifying that all materials were transported to, accepted, and

Transportation and Disposal of Contaminated Material
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disposed of, at the selected disposal facility. The documentation shall include the
following, as a minimum.

1. Documentation shall be provided for each load from the site to the disposal
facility, including all Bills of Lading and any other transfer documentation as
applicable.

2. All documentation for each load shall be tracked by the original Bill of Lading
that was prepared by TRC.

3.7 TRANSPORT OF CONTAMINATED MATERIAL

A. The Contractor shall not be permitted to transport contaminated materials off-site
until all disposal or recycling facility documentation has been received, reviewed,
and accepted by TRC.

B. The Contractor shall transport contaminated materials from the site to the disposal
or recycling facility in accordance with all United States Department of
Transportation (DOT), USEPA, MADEP regulations and other regulations of all
affected states.

C. The Hauler(s) shall be licensed in all states affected by transport.

D. The Contractor shall provide to TRC copies of all weight slips, both tare and gross,
for every load weighed and disposed of at the accepted disposal facility. The slips
shall be tracked by the original Bill of Lading that was prepared by TRC. Progress
payments shall only be made upon receipt of these weight slips.

E. The Contractor shall be responsible for ensuring that free-liquid does not develop
during transport. "Wet soils" shall not be loaded for transport. The Contractor shall
be responsible to properly dispose of any free liquids that may result during
transportation.

END OF SECTION
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SECTION 03305

CONCRETE

PART 1 GENERAL

1.1 GENERAL REQUIREMENTS

A. Work of this Section, as shown or specified, shall be in accordance with the
requirements of the Contract Documents.

1.2 WORK INCLUDED

A. Work of this Section includes all labor, materials, equipment and services
necessary to complete the Concrete Work and Oil Resistant Coating as shown on
the drawings and specified herein.

1.3 RELATED WORK

A. Section 02630 Storm Drainage System

1.4 QUALITY ASSURANCE

A. Concrete work shall strictly adhere to the weather limitations, curing and finishing
criteria set forth in this Section of the Project Specifications.

1.5 SUBMITTALS

A. Submit the concrete mix design for the type specified for review and approval
prior to any materials being delivered to the site.

PART 2 PRODUCTS

2.1 MATERIALS DEFINITIONS

A. Concrete shall be air-entrained ready-mixed concrete, 3500 psi twenty-eight (28)
day compressive strength, and conform to AASHTO Designation M-85 and the
following.

All cement shall be Portland Cement, Type I or II, conforming to AASHTO
Designation M-85. Cement shall be by an American manufacturer.

B. Fine Aggregate (sand) shall conform to AASHTO Designation M-6 having clear,
hard, durable, uncoated grains, free from deleterious substances and shall range in
size from fine to coarse within the following percentages by weight:

Concrete
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Passing 3/8" Sieve
Passing No. 4 Sieve
Passing No. 16 Sieve
Passing No. 50 Sieve
Passing No. 100 Sieve

100%
95%- 100%
45%- 85%
10%- 30%
2%- 10%

C. Coarse Aggregate shall conform to AASHTO Designation M-80 and shall be free
of deleterious matter or coatings and gradation shall be within the following
percentage by weight:

Passing 11/2" Sieve
Passing 1" Sieve
Passing 2" Sieve
Passing No. 4 Sieve

100%
95%- 100%

25%-60%
0%- 10%

D. Water shall be clean and shall not contain any oil, acid, alkali, salts, vegetable
matter, organic matter or other deleterious substances.

E. Oil Resistant Coating shall be Amercoat 66, Polyamide-cured epoxy, as
manufactured by Ameron or approved equal.

PART 3 EXECUTION

3.1 INSPECTION

A. Examine the areas and conditions where Concrete Work is to be installed and
notify TRC of conditions detrimental to the proper and timely completion of the

Work. Do not proceed with the Work until satisfactory conditions have been
corrected by the Contractor in a manner acceptable to TRC.

3.2 INSTALLATION

A. Method of Construction

1. There shall be no less than six (6) sacks of cement per cubic yard. The
Concrete shall contain no more than six (6) gallons of water per sack of
cement, and shall produce a slump of not more than four (4) inches. Air
Content shall be 7% (+ 1%).

2. Weather Limitations

(a) Cold Weather Concreting - When the ambient temperature is
above 40 degrees F, the plastic concrete shall have a temperature
of at least 50 degrees F, at the time of placing. When the ambient

Concrete
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temperature is 40 degrees F or below, the plastic concrete shall
have a temperature of at least 60 degrees F. Concrete shall not be
placed when the ambient temperature is less than 10 degrees F.

Maintenance of at least the minimum temperature shall be
accomplished by heating the water or the aggregates, or both, as
necessary. Heating methods which alter or prevent the entrainment
of the required amount of air in the concrete shall not be used.
Heating shall be in accordance with the ACI 306, Part 2.2 through
2.6.

(b) Hot Weather Concreting - When the ambient temperature reaches
75 degrees F, the plastic concrete shall have a temperature of no
more than 90 degrees F, at the time of placing, and one or more of
the following precautions shall be followed:

(1) During hot weather, or under conditions contributing to
rapid setting of concrete, a shorter mixing time than
specified in ASTM C 94 may be required. When air
temperature is between 850 F (30* C) and 900 F (320 C),
reduce mixing and delivery time from 1.5 hours to 75

minutes, and when temperature is above 900 F (320 C),
reduce mixing and delivery time to 60 minutes.

(2) Use a water reducing retarder as per manufacturer's
recommendation. When more than one admixture is used,
they shall be from the same manufacturer.

(3) Sprinkle coarse aggregate stockpile to cool by evaporation.

(4) Place concrete in compliance with ACI 305 and as herein
specified. Cool ingredients before mixing to maintain
concrete temperature at time of placement below 90* F (320
C). Mixing water may be chilled, or chopped ice may be
used to control temperature provided water equivalent of
ice is calculated to total amount of mixing water.

(5) In the case of truck mixing, do not rotate the drum during
and after the addition of cement to the mix until mixing
water is added at the construction site. This may require
reduced loads or the utilization of horizontal type mixers.

Concrete
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(6) Prevent absorption by sprinkling subgrade and wood forms
just before placing so that they will not absorb water from
the mix.

(7) Erect windbreaks to prevent winds from drying exposed
concrete surfaces while they are being finished.

(8) Screed and float concrete as it is placed and start curing
immediately.

3. Concrete shall be deposited within thirty (30) minutes after mixing, as
nearly as practicable, in its final position to avoid segregation due to
rehandling or flowing.

4. Provide proper chutes, troughs and other devices to convey concrete to the
various levels. In no case shall concrete be deposited from a height that
will separate the aggregates.

5. In placing concrete around reinforcement, care shall be taken to work the
concrete well around and into thorough contact with the steel and not disturb the
reinforcement. Mechanical vibrators shall be used to insure consolidation, but
over-vibrating which may cause segregation shall be avoided.

B. Curing

1. General

a. Comply with all the requirements of ACI 301.

b. Protect freshly placed concrete from premature drying and
excessive cold or hot temperatures.

c. Start initial curing as soon as free water has disappeared from
concrete surface after placing and finishing. Weather permitting,
keep continuously moist for not less than 7 days.

d. Begin final curing procedures immediately following initial curing
and before concrete has dried. Continue final curing for at least 7
days in accordance with ACI 301 procedures. Avoid rapid drying
at end of final curing period.

2. Curing Methods: Perform curing of concrete by curing and sealing
compound, by moist curing, by moisture-retaining cover curing, and by
combinations thereof, as herein specified.

Concrete
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a. Provide moisture curing by following methods:

(1) Keep concrete surface continuously wet by covering with
water.

(2) Continuous water-fog spray.

(3) Covering concrete surface with specified absorptive cover,
thoroughly saturating cover with water and keeping
continuously wet. Place absorptive cover to provide
coverage of concrete surfaces and edges, with 4" lap over
adjacent absorptive covers.

b. Provide moisture-cover curing as follows:

(1) Cover concrete surfaces with moisture-retaining cover for curing
concrete, placed in widest practicable width with sides and ends
lapped at least 3" and sealed by waterproof tape or adhesive.
Immediately repair any holes or tears during curing period using
cover material and waterproof tape.

c. Liquid membrane curing meeting the requirements of AASHTO
Designation M-148 may be used upon approval of TRC.

C. Finishing

1 . As soon as the face forms are removed, all fins and other projections shall
be carefully removed and offsets leveled, and rubbed with carborundum
where necessary. Pointing and filling voids shall be performed only when
approved by TRC.

D. Oil Resistant Coating

I1. All concrete surfaces to be coated must contain no additives or hardeners,
and should not be treated with sealers or conventional curing compounds
containing waxes, silicones, or silicates.

2. Do not use form release agents based on oils, which will deposit a residue
on the concrete.

3. All surface preparation and installation shall be in accordance with the
manufacturer's recommendations.

END OF SECTION
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SECTION 02935

LANDSCAPING

PART I GENERAL

1.1 CONTRACT REFERENCES

A. Attention is directed to the CONTRACT AND GENERAL COMMENTS and all
Sections within DIVISION I - GENERAL REQUIREMENTS which are hereby
made a part of this Section of the Specifications.

B. Equality of material, article, assembly, or system, other than those named or
described in this Section, shall be determined in accordance with the provisions of
the Contract and General Conditions.

1.2 DESCRIPTION

A. The Contractor shall furnish all materials, labor, supervision, tools and equipment
necessary to provide temporary and permanent grass vegetative covers in all areas
disturbed by the Work.

1.3 WORK INCLUDES

A. Seeding, mulching and fertilizer.

1.4 RELATED SECTIONS

A. Section 01070 - Reference Standards.

B. Section 01300 - Submittals.

C. Section 01400 - Quality Control.

D. Section 02221 - Earthwork.

E. Section 02270 - Sedimentation and Erosion Control.

1.5 DEFINITIONS

A. Weeds: Include Dandelion, Quackgrass, Horsetail, Morning Glory, Rush Grass,
Mustard, Lambsquarter, Chickweed, Cress, Crabgrass, Canadian Thistle, Nutgrass,
Blackberry, Tansy Ragwort, Bermuda- Grass, Johnson Grass, Poison Ivy, Nut Sedge,
Nimble Will, Bindweed, Bent Grass, Wild Garlic, Perennial Sorrel, and Brome
Grass.

Landscaping
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1.6 SUBMITTALS

A. Submittals shall be provided under provisions of Section 01300.

B. A manufacturers' Certificate of Compliance to the Specifications shall be supplied
with each shipment of seed. These certificates shall include the percentages of
purity, weed content, germination of the seed, and also the net weight and date of
shipment. If the Contractor is unable to obtain a certificate, the specification
information from the seed container shall be submitted.

C. A copy of certificates of analysis for each type of fertilizer shall be submitted prior
to application.

D. Certification that the mulch bales contain less than 10 percent weeds.

1.7 QUALITY ASSURANCE

A. Seed mixtures shall be supplied in containers showing percentage of seed mix, year
of production, net weight, date of packaging, and location of packaging.

1.8 REGULATORY REQUIREMENTS

A. The Contractor shall comply with regulatory agencies for fertilizer composition.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Grass seed mixtures shall be delivered and stored in sealed containers. Seed in

damaged packaging will not be acceptable.

B. Fertilizer shall be delivered in waterproof bags showing weight, chemical analysis,
and name of manufacturer.

1.10 SCHEDULING AND SEQUENCING

A. Application of permanent seed shall be performed within one of two planting
windows: from April 1 to June 1 or from August 15 to October 15. The actual work
shall be done, however, only during periods within these seasons which are normal
for such work as determined by weather conditions and by accepted practice in this
locality.

B. If permanent seed cannot be planted by October 15, the Contractor shall incorporate
winter rye grass into the seed mixture to establish a temporary winter mixture.

C. Planting of either temporary or permanent seed shall commence within 10 days of
soil preparation. Once started, the planting operation shall continue until all areas
have been planted, except for periods when the soil is too wet to continue the
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operation. If downtime occurs because of soil conditions, planting shall resume as
soon as the soil is suitable for planting.

PART 2 PRODUCTS

2.1 SEED MIXTURE

A. Seed mixture: Seed mixture shall be fresh, clean, new crop seed. Grass shall be of
the previous year's crop and in no case shall the weed content exceed 15 percent by
weight. The seed shall allow for optimal growth and rooting. The mixture shall be
furnished in new, clean, sealed and properly labeled containers. Seed which has
become wet, moldy otherwise damaged are not acceptable.

2.2 FERTILIZER

A. Fertilizer shall be a complete food recommended for grass, with fifty percent of the
elements derived from organic sources; of proportion necessary to eliminate any
deficiencies of topsoil. The fertilizer shall have the following proportions by
weight: Nitrogen 10 percent, phosphorus acid 20 percent, soluble potash 20 percent.
The material shall conform to the Association of Official Agricultural Chemists,
uniform in composition, dry, free-flowing, and delivered to the site in original,
unopened containers'bearing the manufacturer's guaranteed analysis.

2.3 ACCESSORIES

A. Mulching Material: Oat or wheat straw, free from weeds, foreign matter detrimental
to plant life, and dry. Hay or chopped cornstalks are not acceptable.

PART 3 EXECUTION

3.1 EXAMINATION

A. The Contractor shall be deemed to have inspected the site and satisfied himself as to
actual grades and levels and true conditions under which the work will be
performed.

B. The Contractor shall verify that existing plant life designated to remain is tagged or
identified. Trees, plant growth, and features designated to remain as final
landscaping shall be protected.

C. Utilities that remain shall be located, identified, and protected from damage.

D. Bench marks, survey control points, and existing structures shall be protected from
damage or displacement.

Landscaping
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E. The work area shall be free of standing water and shall be dry.

3.2 PREPARATION OF SUBSOIL

A. Subsoil shall be graded to eliminate uneven areas and low spots. Lines, levels,
profiles and contours shall be maintained. Changes in grade shall be gradual and
slopes shall be blended into level areas.

B. Foreign materials, weeds and undesirable plants and their roots shall be removed.

3.3 LIME AND FERTILIZING

A. Fertilizer and lime shall be applied after smooth raking of topsoil and prior to roller

compaction.

B. Fertilizer and lime shall be applied in accordance with manufacturer's instructions.
Application rates shall be selected based on soil test results taken at the time of
seeding. If soil tests are not taken, the following minimum amounts shall be
applied:

1. Lime at 2 tons per acre or 100 pounds per 1,000 square feet.

2. Nitrogen at 40 pounds per acre or 1 pounds per 1,000 square feet.

3. Phosphate at 80 pounds per acre or 2 pounds per 1,000 square feet.

4. Potash at 80 pounds per acre or 2 pounds per 1,000 square feet.

C. Lime and fertilizer shall be mixed thoroughly into the upper 2 inches of soil and
lightly watered to aid the dissipation of fertilizer.

3.4 SEEDING

A. Seed shall not be applied at the same time as fertilizer or with same machine used to
apply fertilizer. Seeding shall not occur immediately following rain, when ground
is too dry, or during windy periods.

B. Seed shall be sowed in accordance with Standard Specifications for Highways and
Bridges, Commonwealth of Massachusetts, Highway Department (current edition).
Seeding shall be performed using the following application rates:

1. Bird's-foot trefoil with inoculant at 8 pounds per acre.

2. Crown vetch with inoculant at 15 pounds per acre.
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3. Creeping red fescue at 20 pounds per acre.

4. Annual ryegrass at 10 pounds per acre.

C. For seeding that occurs after October 15, winter rye grass shall be included in the
seed mix as a temporary winter cover. Rye grass shall be applied at a rate of 50
pounds per acre.

D. Areas seeded shall not exceed that which can be mulched on same day. If
hydroseeding is not used, then the seeded area shall be rolled with roller not
exceeding 112 lbs per foot of width.

E. Mulch shall be applied immediately following seeding and compacting and applied
to a thickness of 1/8 inches.

F. Water shall be applied to the seeded areas with a fine spray immediately after each
area has been mulched.

3.5 PROTECTION OF FINISHED WORK

A. Finished work shall be protected under provisions of Section 01700. Areas
subjected to vehicular traffic during construction shall be reshaped and re-
compacted.

3.6 FIELD QUALITY CONTROL

A. Eight weeks after seeding is complete and on written notice from the Contractor,
TRC will determine if a satisfactory stand has been established. TRC shall make
this determination within 15 days from receipt of notice.

B. If a satisfactory stand has not been established, the Contractor shall immediately
replant areas that do not meet satisfactory stand requirements. Should additional
replanting be required to meet coverage requirements specified herein, TRC may
elect to withhold a portion of the Contractor's payment necessary to replant those
remaining areas. The cost of this replanting shall be based on cost estimates from
two independent contractors.

END OF SECTION

Landscaping
L2000-208 Div 11 02935-5
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Table C-1: Calculations of Estimated Soil Removal in the Eastern Parking Lot

Depth Interval| Length (feet) Width (feet) Square Feet Cubic Feet ubic Yards | Tons

Contaminated Soil Removal
6-10 feet 175 50 8,750 35,000 1,296 1,944
4-8 feet 58 50 2,900 11,600 430 644

4-10 feet 56 61 3,416 20,500 760 1,140
Totals= 67,100 2,490, 3,730

Clean Soil (to be used as backfill)
0-4 feet 116 50 5,800 23,200 859 1,289
0-6 feet 175 52 9,100 54,600 2,022 3,033
Totals= 77,800 2,880 4,330

0
L2000-208 Table C- CC-2
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1.0 INTRODUCTION AND SCOPE

1.1 Introduction

This Health and Safety Plan (HASP) was developed to protect worker health and safety
during implementation of remedial response activities on behalf of Lockheed Martin
Corporation at the facility located at 50 Fordham Road in Wilmington, Massachusetts.
The site includes one small and three large buildings, a paved parking area, and a
wastewater treatment facility.

The proposed work involves the following tasks:

1. Operations and maintenance of the remedial system

2. Ground water and remedial system sampling and analysis

3. Soil excavation

4. Installation of subsurface remedial system

5. Soil and rock drilling and monitoring well installation

1.2 Organization

This HASP is organized as follows:

Section 1: Introduction

Section 2: Key Personnel

Section 3: Chemical Hazards

Section 4: Physical Hazards

Section 5: Standard Air Monitoring Plan

Section 6: Standard Site Controls and Worker Protection

Section 7: Standard Decontamination Procedures

Section 8: Training Requirements

Section 9: Emergency Response Plan

al Section 10: Task Specific Hazard Analysis

L2000-208 H&S 1-1 Rev. I



1.3 Site Identification

Refer to Drawing 1 in the remedial implementation plan for building locations, and other
site features.

1.4 Scope

This Health and Safety Plan (HASP) was developed to protect workers at the former GE
facility during implementation of remedial response activities. The HASP is based on
current Occupational Safety and Health Administration (OSHA) regulations (29 CFR
1910.120), and an evaluation of existing data derived from previous assessment activities.
This document is only intended as an aid to employees who perform the tasks identified
in this HASP. A discussion of task specific safety procedures is included in Section 9 of
this document.

1.5 Site Background

The former Lockheed Martin facility located at 50 Fordham road is an approximately 13
acre parcel of land situated east of Fordham Road and north of Concord Street within an
industrial part in Wilmington and North Reading, Massachusetts. General Electric (GE)
Company's Aerospace Division occupied the property from 1968 to 1989. GE
Aerospace was acquired by Martin Marietta on April 2, 1993 which later became
Lockheed Martin Corporation (LMC) on March 15, 1995. AMETEK Aerospace
Products, Inc. (AMETEK) is the existing operator of the 50 Fordham Road property. The
site (DEP disposal site number 3-0518) has a Tier 1 A permit (permit number 83052).

A map of the facility is presented on Drawing 1. Predominant man-made structures
include one small and three large buildings (designated Buildings 1, 1 A, 2 and 3) situated
on the western side of the property; a large paved parking area located on the eastern side
of the property; and a wastewater (sewage) treatment facility located north of the parking
area.

A variety of investigations were conducted at the 50 Fordham Road site between 1990
and 1992. These investigations indicated the following four major impacted areas on the
property;

* Tank Farm Area (soil and groundwater impacted with chlorinated solvents and
Stoddard solvent-related BTEX compounds).

* Eastern Parking Lot (unsaturated soil, saturated soil and groundwater impacted with
these chlorinated solvents, Stoddard solvent-related BTEX compounds, and a thin
layer of separate phase Stoddard solvent on the water table. Impacted groundwater
from the Tank Farm appears to extend from the Tank Farm, beneath the Eastern
Parking Lot, and off-property in both the bedrock and overburden aquifers).

L2000-208 H&S 1-2 Rev. I



* Tank K (soil impacted with gasoline-related BTEX compounds).

* Outfall 001 (sediment impacted with total petroleum hydrocarbons and metals).

This HASP has been revised to address remedial response activities consisting of
biosparging/SVE system installation, soil excavation/disposal, and deep bedrock
groundwater investigation. All field activities will be conducted in accordance with TRC
Standard Operating Procedures (SOPs) presented in Volume II.

L2000-208 H&S 1-3 Rev. I



2.0 KEY PERSONNEL AND ASSIGNMENT RESPONSIBILITIES

2.1 Project Manager

The project manager for this project is Paola Macchiaroli. The project manager has the
overall project responsibility for the development, coordination, and implementation of
the project field work in a safe manner, and is the central point of contact with regulatory
agencies. The project manager is responsible for implementing the steps of the workplan
and the HASP, as well as supervising the field team members. In addition, she is
responsible for consulting with health and safety coordinator and with the site safety
coordinator regarding any changes that may affect the health and safety of the field team
members.

2.2 Corporate Health and Safety Coordinator

The corporate health and safety coordinator for the project is Gary Ritter, C.J.H., L.S.P.
The health and safety coordinator has the overall responsibility for the development,
coordination, and implementation of the HASP and its conformance with TRC's health
and safety program. This includes the medical surveillance program, training
requirements, monitoring procedures, etc. The health and safety coordinator shall work
with the project manager and the site safety coordinator on modifications to the site
HASP and will be available for consultation as necessary.

2.3 Site Safety Coordinator

The site safety coordinator (SSC) is responsible for ensuring compliance with the site
HASP, including health and safety procedures for work sites, monitoring and recording
of conditions, personal protective equipment and clothing, and consulting with the
regional health and safety coordinator regarding the HASP. The SSC will also conduct
and document attendance at daily safety meetings, perform periodic site inspections, and
ensure that subcontractors have received appropriate training.

24 Field Personnel

Field personnel are responsible for understanding and adhering to this HASP, and should
also be alert to any unsafe conditions or practices which may affect their safety. Any
safety deficiencies will be communicated to the site safety coordinator. If personnel
safety is threatened, the site safety coordinator, project manager, or regional health and
safety coordinator will be contacted immediately.

2.5 Subcontractors and Third Parties

Equipment operators, laborers, and other parties subcontracted by TRC will be
responsible for understanding and complying with all site safety requirements. TRC will
perform air monitoring and establish decontamination areas. However, subcontractors
and third parties engaged in work at this site will be required to provide their own work

L20OO-208 H&s 2-1 Rev. I



equipment and personal protective gear. Subcontractors will also be required to provide
TRC with documentation that their employees have completed the OSHA-required 40-
hour off-site training program and 24 hr. field training (and the annual refresher course, if
appropriate) prior to working on this project. Supervisors must also have completed 8
hours of supervisory training before being allowed to manage employees on-site.

This plan will be provided to subcontractors as a hazard communication tool in
compliance with 29 CFR 1910.1200. Subcontractors are required to provide their own
task specific safety program for their portion of the work. Subcontractors are also
required to attend the daily safety meetings.

L2000-208 H&S 2-2 Rev. I



3.0 CHEMICAL HAZARDS

Previous site investigations have documented the presence of benzene, ethylbenzene,
toluene, xylenes (BTEX), chlorinated solvents, gasoline, and Stoddard solvent, a
petroleum hydrocarbon.

Table 3-1
Detected Chemicals

Substance Concentrations (groundwater) Soil

Trichloroethylene (TCE) <1 mg/L (ppm) <1.0 mg/kg

Tetrachloroethylene (PCE) <1 mg/L (ppm) 2.8 mg/kg (ppm)
Vinyl Chloride <1 mg/L (ppm) <1.0 mg/kg (ppm)
1,2-Dichloroethene (1,2-DCE) <1 mg/L (ppm) <1.0 mg/kg (ppm)
1,1-Dichloroethene (1,1-DCA) <1 mg/L (ppm) <1.0 mg/kg (ppm)
Hydrogen Sulfide Infrequent detection in some

sample headspace
Carbon Disulfide Infrequent detection in some

groundwater samples

Stoddard Solvent Free Phase Liquid
Gasoline Sheen
Benzene 2.3 mg/l (ppm) 2.7 mg/kg (ppm)
Ethylbenzene 2.0 mg/l (ppm) 14.0
Toluene 22.0 mg/l (ppm) 9.3
Xylene 26.0 mg/l (ppm) 94.0

These chemicals are expected to be encountered in trace concentrations in groundwater
and adhered to soil particles. Potential worker exposure to these chemicals could occur
through inhalation, ingestion, or absorption. Ingestion and absorption will be controlled
through the use of personal protective clothing and decontamination procedures.
Inhalation hazards will be controlled through the use of engineering controls and
respiratory protection.

Stoddard solvent is a mixture of volatile compounds and is also called dry cleaning
solvent, mineral spirits, petroleum naptha and spotting naptha. It has a flash point
between 102-110 "F and therefore is a Class II combustible liquid. The TLV is 100 ppm
and overexposure can damage the kidneys, irritate the eyes and cause narcosis. Response
to a PID or FID could vary depending on the manufacturer of the solvent.

MSDS for chemicals brought on-sight are located in Appendix H.
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3.1 Acute Health Effects

Table 3-2 summarizes the known health effects of the chemicals encountered at this site.
The table includes significant routes of exposure, health effects, and target organs for the
pure forms of the chemicals that have been encountered or are suspected to be present on
site.

The current permissible exposure limits (PELs) for the detected chemicals are also shown
on Table 3-2, as are the NIOSH Recommended Exposure Levels (RELs). PELs are the
maximum allowable concentration for an 8-hour work period, while RELs are developed
based on a 10-hour work period. The RELs will be used to determine when workers are
being exposed to airborne concentrations that may lead to adverse health effects. If these
concentrations are exceeded, engineering controls will be implemented to reduce
employee exposure. If exposure continues above these levels, employees will be
provided with respiratory protection. The inhalation hazard action levels outlined in
Section 5.2 are based on the OSHA PELs in Table 3-2.

3.2 Chronic Health Effects

Perchloroethylene and trichloroethylene are suspected human carcinogens, and vinyl
chloride and benzene are known human carcinogens. Exposure to these compounds must
be kept to an absolute minimum. The maximum detected concentrations (Table 3-1),
however, are much lower than the PELs listed in Table 3-2, so occupational overexposure
during this project is considered unlikely. All workers must follow the safety procedures
included in this document to minimize any exposure potential.
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4.0 PHYSICAL HAZARDS

Physical agents that site workers can reasonably be expected to encounter, and mitigation
measures to reduce effects of these agents, are discussed below. Other hazards such as
weather conditions, insects, poison ivy, and Lyme Disease (Appendix I) will be evaluated
daily on an as-needed basis by the SSC.

4.1 Heat Stress

There is a potential for heat stress from the use of protective clothing and climate
conditions. One or more of the following procedures may be employed to alleviate
potential heat stress problems in the event that site conditions warrant the use of personal
protective equipment (PPE), or ambient temperatures exceed 850 F. Heat stress training
must be emphasized during the daily safety meetings, and adequate supplies of potable
water must be provided to workers each day.

4.1.1 General Precautions

Provide plenty of liquids. To replace body fluids (water and electrolytes) lost because of
sweating, use a 0.1 percent saltwater solution, more heavily salted foods, or commercial
drink mixes. The commercial mixes may be preferable for those employees on a low
sodium diet.

In extremely hot weather, conduct operations in early morning or evening and rotate
shifts of workers wearing impervious clothing. Install mobile showers and/or hose-down
facilities to reduce body temperature and cool protective clothing.

Ensure that adequate shelter is available for breaks to protect personnel against heat, etc.,
which can decrease physical efficiency and increase the probability of accidents.

Acclimatization for workers not accustomed to working in elevated temperature
environments will be considered and implemented as appropriate.

4.1.2 Heat Stress Monitoring

For monitoring the body's recuperative ability toward excess heat, one or more of the
following techniques should be used as a screening mechanism. Monitoring of personnel
wearing impervious clothing should commence when the ambient temperature is 700 F or
above. Frequency of monitoring should increase as the ambient temperature increases or
as slow recovery rates are indicated. When temperatures exceed 80" F, regardless of the
use of PPE, workers will be monitored for heat stress after every work period.

Good hygienic standards must be maintained by the employee to aid in the prevention of
heat stress illnesses. Frequent change of clothing and daily showering at a minimum
should occur with clothing being allowed to dry during rest periods. Persons who notice
skin problems should immediately inform their supervisor.
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1. Heart rate (HR) should be measured by the radial pulse for 30 seconds as early as
possible in the resting period. The HR at the beginning of the rest period should
not exceed 110 beats/minute. If the HR is higher, the next work period should be
shortened by 25 percent. The HR is then measured again, once each minute for 2
minutes, (a total of three measurements) after the initial rest period measurement.
The HR should decrease by ten beats per minute between each measurement (a
total reduction of 20 beats). If the HR does not decrease, the work period should
be reduced by 25 percent.

2. Body temperature can be measured orally with a clinical thermometer as early as
possible in the resting period. Oral temperature (OT) at the beginning of the rest
period should not exceed 990 F. If it is greater than 99* F, the next work period
should be shortened by 25 percent. OT should be measured again at the end of
the rest period to make sure that it has dropped below 99* F.

4.1.3 Effects of Heat Street

If the body's physiological processes fail to maintain a normal body temperature because
of excessive heat loading, a number of physical reactions can occur. The severity of
these reactions ranges from mild (such as fatigue, irritability, anxiety, and decreased
concentration, dexterity, or movement) to severe (fatal).

Heat-related illnesses include:

* Heat rash (also known as prickly heat rash) is caused by continuous exposure to heat
and humid air and aggravated by chafing clothes. Heat rash decreases the ability to
tolerate heat as well as being a nuisance. Signs are a red prickly-like rash.

FIRST AID: Employees exhibiting signs of heat rash will be directed to shower and
change to clean, dry clothing.

* Heat cramps are caused by profuse perspiration with inadequate fluid intake and
electrolyte replacement (especially salts). Signs are muscle spasms and pain in the
extremities and abdomen and may occur several hours after work has stopped.

FIRST AID: Employees showing signs of heat cramps will be directed to lie in a
cool, shady area, and drink cool fluids. If symptoms persist or worsen the employee
will be transported to an emergency facility.

* Heat exhaustion is caused by increased stress on various organs to meet increased
demands to cool the body. Signs are shallow breathing; pale, cool, moist skin;
profuse sweating; dizziness and lassitude.

FIRST AID: Employees with signs of heat exhaustion will be brought to cool, shady
location and given fluids. After recovering, the employee will be dismissed for the
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day. If victim is unconscious, or conditions persist, the victim will be transported to a
hospital.

* Heat stroke is the most severe form of heat stress. The body must be cooled
immediately to prevent severe injury and/or death. Signs and symptoms are red, hot,
dry skin; no perspiration; nausea; dizziness and confusion; strong, rapid pulse; and/or
coma.

FIRST AID: HEAT STROKE IS A MEDICAL EMERGENCY. The victim will
be brought to a cool area, aggressively treated by removing constricting clothes and
applying wet towels or ice packs, and transported without delay to an emergency
facility.

4.2 Cold Stress

Ambient air temperatures during site activities may create cold stress for on-site workers.
Procedures for recognizing and avoiding cold stress must be followed. Cold stress can
range from frostbite to hypothermia. The signs and symptoms of cold stress are listed
below.

* Frostbite is defined as the actual freezing of one or more layers of skin. In severe
cases, organs and structures below the skin can become frozen. Usually, body areas
exposed to the most cold, and least body warmth, are affected first. These areas
include fingers, toes, ears, and the tip of your nose. Frostbite is characterized by pain
and loss of dexterity in the affected limb. The tissue initially appears reddened, but
my progress to white, blue, or black.

FIRST AID: Bring the affected employee indoors and call the local emergency
clinic. Rewarming of frost-bitten parts are best left to a medical doctor in a controlled
setting.

" Hypothermia is the condition that occurs when the body's natural warming
mechanisms (muscle activity and shivering) cannot counteract the loss of body heat to
the environment. The onset of hypothermia is greatly hastened by being wet.
Hypothermia is marked by severe, uncontrollable shivering. The patient will show
signs of excessive fatigue, drowsiness, irritability, or euphoria. As hypothermia
progresses, the patient will begin to lose consciousness, blood pressure will drop,
shivering will cease, and the patient may slip into a coma and possible die.

FIRST AID: If these symptoms occur, remove the patient to a warm, dry place. If
clothing is wet, remove and replace with dry clothing. Keep the patient warm, but not
overheated. The patient should be gradually rewarmed to prevent shock. If the
patient is conscious and alert, warm liquids should be provided. Coffee and other
caffeinated liquids should be avoided because of diuretic and circulatory effects.
Notify the emergency clinic; if conditions worsen, the patient loses consciousness, or
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the patient has an altered mental status have the patient transported to an emergency
facility.

4.2.1 General Precautions

The reduction of adverse health effects from cold exposure can be achieved by adopting
the following work practices.

" Provide adequate insulating clothing to maintain core temperature at 98.60 F if work
is to be performed in air temperatures below 40* F. Wind chill cooling rates and the
cooling power of air are critical factors. The higher the wind speed and the lower the
air temperature in the work area, the greater the insulation value of the protective
clothing should be.

" If the air temperature is 320 F or less, hands should be protected by mittens.

* If only light work is involved and if the clothing on the worker may become wet on
the job site, the outer layer of clothing should be impermeable to water. With more
severe work under such conditions, the outer layer should be water repellent, and the
outer layer should be changed as it becomes wetted. The outer garments should
include provisions for easy ventilation in order to prevent wetting of the inner layer
by sweat.

0 If available clothing does not give adequate protection to prevent cold injury, work
should be modified or suspended until adequate clothing is available, or until weather
conditions improve.

" For prolonged work, heated shelters should be available. Workers should be
encouraged to use these at regular intervals, with the frequency depending on the
severity of the environmental exposure. When entering the shelter, the outer layer of
clothing should be removed and the remainder of the clothing loosened to permit heat
evaporation, or a change of work clothing should be provided.

" Warm, sweet drinks, such as hot cocoa or soup, should be available at the work site to
provide caloric intake and fluid volume. The intake of coffee should be limited
because of diuretic and circulatory effects.

" The weight and bulk of cold-weather gear should be included in estimating the
required work performance and weights to be lifted in the field.

Workers should be instructed in safety and health procedures regarding cold work
environments as part of the pre-work safety meeting. The training program should
include instruction in preventing, recognizing, and treating cold stress conditions.

L2000-208 H&S 4-4 Rev. I



4.3 Noise

The effects of noise include psychological effects (interference with communication by
speech, job performance, and safety) and physiological effects, such as temporary and
permanent hearing loss.

The factors that affect the degree and extent of hearing loss are intensity or loudness of
the noise, type of noise, period of exposure of each day, total work duration, and distance
from the noise source.

There is a potential for exposure to loud noise associated with heavy equipment, such as
drill rigs. To safeguard workers, all personnel will be provided with disposable earplugs
when working around heavy equipment. Table 4-1 summarizes the allowable exposure
as a function of sound pressure level, as measured in decibels on the "A" weighting scale.

Table 4-1

Permissible Noise Exposure

Sound Level Sound Level
(dBA) Hours - Minutes Hours (dBA) Hours - Minutes Hours

90 8-0 8.00 103 1-19 1.32

91 6-58 6.96 104 1 -9 1.15

92 6-4 6.06 105 1-0 1.00

93 5- 17 5.28 106 0-52 0.86

94 4-36 4.60 107 0-46 0.76

95 4-0 4.00 108 0-40 0.66

96 3-29 3.48 109 0-34 0.56

97 3-2 3.03 110 0-30 0.50

98 2-38 2.63 111 0-26 0.43

99 2-18 2.30 112 0-23 0.38

100 2-0 2.00 113 0-20 0.33

101 1-44 1.73 114 0-17 0.28

102 1 -31 1.52 115 0-15 0.25

As a rule of thumb, you are probably exposed to more than 85 decibels if you have to
raise your voice to converse with someone three feet or more from you.

4.4 Blood-Borne Pathogens

Blood-borne pathogens refers to pathogenic microorganisms that are present in human
blood and can cause disease in humans. These pathogens include, but are not limited to,
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hepatitis B virus, human immunodeficiency virus, Clostridium tetani (tetanus), and
Clostridium perfringens (gas gangrene).

The only site personnel who might be exposed to this hazard under normal conditions is
the SSC, in the event he or she is required to render first aid to an injured worker while
waiting for emergency personnel. The safety officer will be equipped with a first aid kit
that contains gloves, surgical mask, and safety goggles to be used whenever contact with
bodily fluids is possible. The kit will also be equipped with a CPR mask that has a one-
way valve in the event mouth-to-mouth resuscitation of a worker is required. Antibiotic
cleansers will be included in the kit, as will special bags for the containment of medical
waste.

Any TRC employee who is exposed to bodily fluids during the course of employment
will be counseled in bloodborne pathogens by the Area Health and Safety Coordinator,
and will be offered a hepatitis vaccine.

4.5 Electrical Hazards

Potential for electrical injury to workers is possible at field work-sites. Caution should be
exercised in using small portable electrical equipment and field monitoring equipment.
Also be alert to buried and overhead electric lines when conducting site activities. Local
"Dig Safe" and/or specific utility companies must be contacted and notified prior to any
drilling/excavation activities. Workers would also be alert to locations of overhead utility
lines and care should be exercised at all times not to disturb or come in contact with
them. ASSUME ALL ELECTRICAL LINES ARE ENERGIZED unless a suitable
lockout/tagout procedure has been employed to render the lines safe.

For overhead electrical lines, the minimum clearance to be maintained between the drill
rig, hand auger sections, or any other equipment, and the electrical lines is shown in
Table 4-2 below. When using portable powered equipment, care must be used to make
sure the power cord cannot be stepped on, cut, or tripped over. All powered equipment
should utilize ground flow interrupt (GFI) circuits.

Table 4-2

Electrical Clearance

Nominal Voltage of Line Minimum Clearance (feet)

Up to 50,000 10
Over 50,000 - 75,000 11
Over 75,000 - 125,000 13
Over 125,000 - 175,000 15
Over 175,000 - 250,000 17
Over 250,000 - 370,000 21
Over 370,000 - 550,000 27
Over 550,000 - 1,000,000 42

L2000-208 H&S 4-6 Rev. I



All stored energy must be dissipated prior to removing any piece of equipment. Energy
is not only electrical energy, but also positional, rotational, kinetic, hydraulic, or
pneumatic energy.

* Disconnect the equipment from the power source and lock out the power source to
prevent activation.

* Disconnect to block equipment so that moving parts are firmly fixed in place.

* If possible, lower all raised portions to ground level, or block it so it cannot fall.

* Block or disconnect all hydraulic or pneumatic pistons or cylinders.

4.6 Fire or Explosion

Explosion or fire may occur where fuel, oxygen, and heat combine. The chemical
contaminants identified to date for this site are low concentrations in soil, and are not
expected to volatilize enough to provide for an explosive environment. If the PID
indicates organic vapors exceeding 1,000 ppm (0.1 percent), a combustible gas indicator
will be brought to the site to monitor for fire or explosion hazards. If the concentration
exceeds 10 percent of the lower explosive levels (LEL), work will be stopped and the
area evacuated until vapor concentrations are reduced.

Also, smoking by workers presents a potential for causing explosion or fire; therefore, no
smoking is permitted at field work-sites.

4.7 Lifting Hazards

Field operations often require that physical labor tasks be performed. All employees
should utilize proper bending and lifting procedures. Whenever an object is to be lifted,
the employee should bend at the knees and lift the object using the legs. Additionally, an
employee should not attempt to lift bulky or heavy objects (over 30 pounds) without
assistance.

4.8 Equipment Safety

Certain tasks anticipated at this site will include the use of powered tools and equipment.
The following safety procedures will be adhered to when using this type of equipment.

4.8.1 Hand Tools

* All power cords must be in good condition with no cracking or fraying.

* Power cords must be rated for the appropriate current.
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. Ensure all safety guards are in place.

* Ground flow interrupt circuits should be used with portable equipment..

* Hearing protection must be worn when using powered equipment.

* All tools should be carefully passed by hand, not tossed or thrown.

* Do not use damaged tools.

* Keep all tools cleaned and stored in an orderly manner when not in use.

* When coring, breaking, or chipping asphalt or concrete, wear safety glasses and
require all others around you to wear safety glasses.

* When using a hand auger, wear work gloves and boots.

4.8.2 Heavy Equipment

Prior to operating heavy equipment, adequate site cleaning will be performed, if
necessary. Care will be taken to provide a safe working area. Work will commence only
when tree limbs, unstable ground, or site obstructions do not cause adverse operating
conditions.

Before using any equipment, walk completely around the equipment to check for hazards.
Make sure the equipment is on solid, level ground. Pay particular attention to overhead
hazards and consult Table 4-2 to determine the minimum distance from overhead power
lines to the closest point on the rig.

Do not drive the equipment from one location to another with the mast in the raised
position. Before raising the mast, all equipment and personnel (with the exception of the
operator) should be cleared from the areas to the rear and sides of the mast. The operator
should announce the mast is being raised prior to raising it. No personnel will be allowed
on equipment while it is operating. An exclusion zone (Section 6.1.2) will be established
around the drill rig to prevent unauthorized personnel from approaching.

Other safety work procedures:

* All excavation location should be examined by the utility locator prior to digging or
drilling.

* Equipment should only be operated by qualified personnel.

* No person should be within ten feet of operating equipment.
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* No passengers are allowed on heavy equipment unless a seat and seatbelt is available
for their use.

* Top speed limit on the job site will be 10 miles per hour.

4.9 Excavation Safety

A qualified subcontractor will be retained by TRC if any excavations must be conducted
on the site. The subcontractor will provide an excavation safety plan. TRC personnel
shall not enter the excavation.

OSHA regulations pertaining to worker safety around excavations are presented in
Appendix F.

4.10 Confined Spaces

Confined spaces are any location where access or egress is restricted, such as pits, vaults,
tanks, vessels, etc. As each space is unique, a confined space entry plan must be prepared
individually for any space that must be entered. No confined space entry is anticipated
for this scope of work. If the scope of work changes and an entry is required, contact the
HSC to prepare a revision to this HASP and a site-specific confined space entry plan.

4.11 Drilling Safety

A qualified subcontractor will be retained by TRC for borehole drilling and monitoring
well installations. All drilling activities will be conducted consistent with International
Drilling Federation Guidelines (Appendix F).

4.12 Recovered Product Storage

Recovered product is to be stored in 55-gallon steel drums, drums are not to be filled
more than /2 during freezing weather, in use drums are to be bonded and grounded during
liquid transfer. Drums are to be labeled using the NFPA label with a Health Rating of 1,
a Flammability Rating of 2 and Reactivity of 1. All sources of ignition (electrical,
vehicles) are to be kept a minimum of 30 feet away. The storage shed should be
passively vented, labeled and access restricted. A grounding strip should be installed and
attached to a ground, which consists of a copper rod driven 6 feet into the ground or
structural steel. A secondary collection container and spill clean-up material should be
used during liquid transfer to collect spills.

Inspection

All drums should be inspected each site visit and noted in the site log. Hazardous waste
labeling should be completed with as applicable. Full drums should be removed
promptly and Bill-of Lading/manifests completed.
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5.0 AIR MONITORING PLAN

During the course of this investigation, the possibility exists that site workers will be
exposed to airborne concentrations of the chemicals that have been detected at this
facility. To protect workers, the following methods will be employed to measure the
concentration of organic vapors in the work area.

5.1 Equipment

5.1.1 Volatile Organic Compound Gases and Vapors

Decisions to upgrade or downgrade the protective equipment wom by workers at the site
should be based on solid knowledge of the hazards present. Total Organic Vapor (TOV)
concentrations at the site will be measured with a Photo Ionization Detector (PID) to
evaluate inhalation hazards. The PID measures organic vapors by using an ultraviolet
lamp to ionize organic compounds in the air stream. The ionized compounds are then
measured and converted to a reading as parts per million of organic vapor in air.

The PID will be calibrated prior to the start of each shift using a field calibration standard
gas. The PID will not respond to different organic vapors with the same sensitivity. The
Action Levels (see Section 5.2) for this project have deliberately been chosen to be lower
than most of the PEL's in Table 3-2 to account for response factors of the instrument.

The concentrations of individual organic compounds can be quantified with colorimetric
detector tubes. The detector tubes operate by drawing a fixed amount of the air to be
sampled through a glass tube, where it reacts with a reagent and produces a stain that can
be read as concentration in air. It is important to read the instructions for each different
tube prior to use, as cross contamination is often encountered.

The pump should be checked for leaks before each use by inserting a sealed tube and
squeezing the bellows. If the pump holds pressure for one minute, no leaks are present.
If the pump leaks it must be replaced. Break the tips off the appropriate tube, and follow
the package instructions on how to obtain a sample.

5.1.2 Explosion Hazard

A combustible gas indicator (CGI) (a.k.a., LEL meter) will be used to monitor the
possible presence of explosive gases (e.g., methane) or vapors where appropriate. The
CGI will be an "inherently safe instrument" approved for Class I Division I locations.
Equipment calibration will be performed daily before startup of work per manufacturer
instructions. The alarm will be set to 10 percent of the LEL at which point work shall be
stopped. Continued work in this atmosphere will not take place without the approval of
the DHSO and HSC and the appropriate PPE and intrinsically safe equipment. If
feasible, calibration gas to be used will be specific to the combustible gases suspected to
be present.
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5.1.3 Dust Monitoring

Dust monitoring will be conducted during excavation and intrusive activities (Le.
drilling). Personal and area monitoring will be performed continuously in areas where
dust generating operations are being conducted. Results will be recorded at 15-minute
intervals. The alarm will be set at 10 milligrams per cubic meter (mg/m3). If no alarm
conditions are recorded and no visible dust is present, dust monitoring may be reduced or
discontinued at the discretion of the DHSO.

5.1.4 Hydrogen Sulfide Monitoring

Hydrogen Sulfide will be monitored continuously during operations in the lagoon areas.
Hydrogen Sulfide will be measured utilizing a battery operated meter which detects
hydrogen sulfide levels in the parts per million (ppm) range. The meter is calibrated so
that the alarm will sound at any hydrogen sulfide readings at or above 2.5 ppm. As
previously discussed, work shall stop. Continued work in this atmosphere will require an
upgrade to Level B PPE, subject to the approval of the DHSO and HSC.

5.2 Action Levels

Measured concentrations of particulates and organic vapors will be entered onto an air
monitoring form included in Appendix A and the s ite logbook. Action levels are
presented in Table 5-1 and conservatively based on a potential exposure to vinyl chloride.
If the concentrations of various chemicals exceed the action level, site personnel will
evaluate the area or be equipped with suitable respiratory protection.

Table 5-1

Action Levels

Instrument Action Level Level of Protection

PID (sustained reading > 1 ppm Collect sample and analyze with colorimetric
for five minutes in tube (vinyl chloride). If vinyl chloride present,
breathing zone) evacuate area or upgrade to Level B

< 5 ppm D

5-20 ppm C

>20 ppm Evacuate area and let area ventilate, contact
HSC

LEL/0 2 Meter <10% LEL Modified D

>10% LEL Evacuate area and let area ventilate, contact
HSC

<19.5% 02 Level B required, or evacuate area and let area
ventilate, contact HSC
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Table 5-1

Action Levels

Instrument Action Level Level of Protection

19.5% < 02<23.5% Modified D

>23.5% 02 Evacuate area and let area ventilate, contact
HSC

H2 S Meter <5 ppm Modified D

>5 ppm Level B required, or evacuate area and let area
ventilate, contact HSC

Note that this table is superseded if, at any time, a detector tube indicates that a substance
is present at or above its PEL, after taking into account the accuracy of the tube as stated
in its instructions. Action levels may be modified upon the consent of the CHSC.

5.3 Personnel Responsibilities

The Health and Safety Coordinator (HSC) and the Site Safety Coordinator (SSC) shall be
responsible for determining whether additional exposure monitoring/sampling is needed
to supplement the equipment and methods described above. A revised sampling plan will
then be developed by the HSC and implemented by the SSC.

The SSC shall ensure that appropriate air monitoring equipment is available for use prior
to the start of any work. The SSC will perform site air monitoring during the course of
the project. The SSC shall also ensure that monitoring instruments are used only by
persons who have had prior training and experience in their operation, calibration and
care, and who understand their limitations. The SSC shall also ensure that the
instruments are properly calibrated and recharged regularly, and that the proper operation
of the instruments are checked daily. Calibration data should be included on the form in
Appendix A.
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6.0 SITE CONTROLS

This section identifies the methods that will be implemented by TRC to reduce worker
exposure to the chemical and/or physical hazards identified at this project location.
Protective methods can be classified as engineering controls or personal protective
equipment.

6.1 Engineering Controls

Engineering controls include all measures designed to minimize the possibility of
allowing an inhalation hazard to occur. -Engineering controls are to be the first step in
reducing worker exposure at this site.

6.1.1 Dust Control

Significant amounts of dust are not expected during this investigation. In general,
subsurface soil has enough moisture to prevent dust generation. If visible dust is
generated, water will be used for suppression.

6.1.2 Control Zones

To control access to potentially impacted areas, the Site Safety Coordinator will establish
limited access control zones as follows.

Exclusion Zone

No one will be allowed in the work area unless they are equipped with the personnel
protective equipment he SSC has deemed necessary and they have read this Safety Plan.

Contamination Reduction Zone

A CRZ will be established outside the exclusion zone. No personnel or equipment will
be allowed to leave the CRZ without first being decontaminated in accordance with
Section 7. The CRZ can either extend around the entire hot zone if space permits, or it
can just be located at the access control points.

Personnel assisting workers with decontamination must be utilizing personal protective
equipment (PPE) of the same type as the workers in the exclusion zone. In any situation
where contaminated soils are present, the minimum protective equipment will be Tyvek
coveralls and nitrile gloves. If the possibility of contact with impacted liquid or product
exists, the minimum personal protective equipment will be nitrile gloves, and poly coated
Tyvek.
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Support Zone

The support zone consists of the remainder of the site area. No possibility of exposure to
toxic contaminants is expected in this area, and no special protective methods will be
needed. All workers in the support zone, however, will need to comply with standard job
site safety requirements.

6.1.3 Forced Ventilation

In the event that vapors exceed the permissible limits, explosive-proof blowers may be
used to disperse the vapors and lower the concentrations. Periodic monitoring will be
increased to document the effectiveness of the ventilation.

6.1.4 Material Control

All solid and liquid materials generated during this project will be handled as per the
Work Plan and Sampling Plan. This will include taking appropriate steps to ensure that
potentially impacted material is contained and does not pose a threat of spreading to clean
areas of the site.

6.2 Personal Protective Equipment

When engineering controls are not effective or feasible, workers shall be required to use
the following protective equipment. Any workers using respiratory protection equipment
must be currently medically certified to do so, and have passed a qualitative fit test within
the preceding year.

Based on the results of previous investigations at the site, EPA Level D PPE will be
initially used on all tasks identified in Section 1.1. PPE Levels will be upgraded based on
the air monitoring levels in Table 5-2.

6.2.1 Level D Protection

EPA Level D Personal Protective Equipment is acceptable for areas with no inhalation
hazard, or where the hazard has been demonstrated to be below the action levels. Level
D protection will include:

e Worker overalls or other suitable work clothes,

* Safety boots with steel toe and shank,

* Hard hat,

" Safety glasses, and

* Face shield or goggles if a splash hazard is present.
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Modified Level D protection consisting of Nitrile gloves and Tyvek overalls are to be
used when handling samples of impacted soil. Nitrile gloves with latex inner gloves and
an impermeable splash suit are to be used when handling liquid materials or samples.

6.2.2 Level C Protection

Level C Protection is suitable for use when limited concentrations of the chemicals of
concern are present. Level C will consist of the following equipment:

* Tyvek coveralls or equivalent when working with solid materials,

* Poly coated Tyvek coveralls when handling contaminated liquids,

* Safety boots with steel toe and shank,

* Safety glasses or goggles,

* Hard hat,

* Nitrile gloves with latex inner gloves, and

* Half-or Full-face Air Purifying Respirator (APR) with organic vapor cartridges and
dust prefilters. Half face respirators provide protection up to 10 times the action
level. Full face respirators provide protection up to 50 times the action level.

APR's may only be used in non-IDLH atmospheres, and assuming that appropriate
cartridges are available for use. APR cartridges are to be replaced at the beginning and
mid-point of each shift and whenever breakthrough is noted. Breakthrough is any
indication of an unusual taste, odor, or sensation.

6.1.1 Level B Protection

If the inhalation hazards exceed the safe use limitations of the air purifying respirator
equipment (any contaminant greater than 50 times its PEL), or IDLH conditions exist, the
following protective equipment will be employed.

* Tyvek coveralls or equivalent when working with solid materials,

* Poly coated Tyvek when working with liquid materials,

* Safety boots with steel toe and shank,

* Hard hat,

* Nitrile gloves with latex inner gloves, and
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* Pressure-demand (positive pressure) full-face, self-contained breathing apparatus
(SCBA) or airline respirator with escape SCBA operated in positive pressure mode,
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7.0 DECONTAMINATION PROCEDURES

The following procedures will be implemented to minimize the spread of contaminants at
this site.

7.1 Worker Decontamination

Anyone exiting a designated exclusion zone will do so through an access control point.
The worker will proceed into the contamination reduction zone. Under no circumstances
is dust to be shaken off equipment or clothing. The decontamination will proceed as
follows:

I. Wash and rinse any hand tools that will be leaving the CRZ.

2. Remove disposable clothing by rolling it down the body. Place clothing in
appropriate waste receptable.

3. Remove and dispose of gloves.

4. Remove respirator. Dispose of filters in waste receptacle. Clean and rinse
respirator prior to storage.

5. Remove and dispose of any inner gloves.

6. Proceed immediately to wash facility and wash hands and face. If work has
concluded for the day, the worker should completely shower as soon as practical.

7.2 Heavy Equipment Decontamination

Prior to exiting the exclusion zone, all heavy equipment that was in contact with
contaminated soil or water will be steam cleaned by workers in Level D equipment with
splash protection equipment. All rinsate must be collected and appropriately disposed of.
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8.0 TRAINING REQUIREMENTS

This section identifies the minimum training requirements for workers at this site, and
identifies site-specific training requirements and site contingency plans.

8.1 Initial Training

At the time of assignment to this project, field personnel shall have completed at least 40
hours of off-site instruction in the health and safety issues involved in hazardous
substance site work. Additionally, site personnel must have a minimum of 3 work days
(24 hours) of actual field experience under the direct supervision of a trained,
experienced supervisor. Employees who can show by documentation of work experience
and/or training that they have had the equivalent to the stated requirements shall be
considered as meeting these initial training requirements. Each site worker must sign and
date a Personal Acknowledgement (see Appendix D) stating that he or she has read and
understood this HASP. Site supervisors must complete an additional eight hours of
supervisory training. The SSC must keep copies of training certificates at the job site.

The SSC or his designate must conduct and document (see Appendix B) a tailgate-safety
meeting at the beginning of daily field activities, whenever new personnel arrive at the
site, as site conditions change, or as needed.

Since this project may require the use of full-face cartridge respirators, all TRC field
team members must be fit tested for the use of such respirators. Fit testing must have
been performed within the past year of the field activity. Fit test records shall be filed
with the DHSO and with the Corporate Health and Safety Officer. All TRC field
personnel are responsible for the proper care and maintenance of their assigned full-face
respirator.

In addition, prior to conducting any activities in Level B PPE, on-site dry runs shall be
performed to the satisfaction of the DHSO, Site Manager, and the assigned Level B
Monitor.

8.2 Site Specific Training

All TRC employees will attend an initial and follow-up safety briefings. The briefings
will discuss the work to be completed, task assignments, the contents of this HASP, site
hazards, and hazard mitigation methods. Follow-up briefings will be conducted when
site conditions change, revisions are made to this HASP, or when new employees are
introduced to the site.

8.3 Medical Surveillance

All employees who are required to work in potentially contaminated areas for 30 or more
days per year shall be medically monitored in accordance with 29 CFR 1910.120. The
monitoring will consist of a baseline exam, annual exams, and an exit exam.
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Employees potentially exposed to noise levels above an 8-hour time weighted average of
85 decibels will participate in a hearing conservation program. The program will include
annual audiograms to determine any hearing loss, as well as training on loss prevention.
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9.0 EMERGENCY RESPONSE PLAN

The site safety coordinator will be responsible for maintaining a clean job site free from
hazards and providing safe egress from the site. Cones and/or barricades and high
visibility surveyor tape will be utilized for traffic control, if needed, and for limiting
access to hazardous and restricted areas.

Prior to work startup, emergency medical procedures and lines of communication will be
established. The fire department, ambulance service, project personnel, and directions to
the nearest hospitals with an emergency room are identified in Table 9-1.
Communications will be with a mobile phone located on site.

A vehicle shall be available on site during work activities to transport injured personnel
to the identified emergency medical facilities. The designated route to those facilities are
described in Table 9-1. Telephone numbers and locations for emergency room assistance
shall be posted at the site.

At a minimum, one site worker will be capable of rendering standard first-aid and
cardiopulmonary resuscitation (CPR). A first-aid kit and adequate supply of fresh water
will be available at the work site.

9.1 Emergency Procedures

Emergency phone numbers (see Table 9-1) will be posted for the fire department,
ambulance service, and nearest emergency medical clinic/hospital. The fastest route to
the clinic/hospital, along with emergency telephone numbers, shall be prominently posted
in the work area (see Figure 1). The site safety coordinator will be the lead person in
emergency situations.

All TRC personnel on the job site will work with a 'buddy' system. At least one other
worker will be with you at all times.

In the event an evacuation is necessary, it will be requested by the SSC. All workers
should immediately leave the area and assemble in the parking lot. Announcement of the
situation will be through word of mouth. If the work area is too large for this method of
work, automobile horns or a portable air horn will be used to signal the emergency.

Emergency procedures, including evacuation routes and staging areas, will be determined
at the first site safety meeting.

9.2 Incident Follow-up

Should an accident occur, the site safety coordinator, or his designate, will immediately
notify the project manager, complete an accident report (see Appendix C), and investigate
the cause. Any recommended hazard control measures must be discussed with the site
coordinator and meet with his approval prior to implementation. Any chemical
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exposures or occupational injuries and illnesses shall also be reported to the site safety
coordinator and recorded. Any fatality, serious injury, or illness occurring on the job will
be immediately reported to OSHA. Records of all site accidents and first aid treatments
will be maintained by the project manager or site safety coordinator. Additionally,
records of recordable work place injuries and illnesses are routinely maintained at TRC
office for at least 5 years, as required by OSHA.

L2000-208 H&S

Table 9-1

Emergency Assistance Information

Contact Phone Number Hospital Directions
Local Police 911 WINCHESTER HOSPITAL
Fire911 4 Highland Avenue,
Ambulance 911 Winchester:
Local Hospital: (781) 729-9000
Winchester Hospital
Corporate H&S Manager (860) 298-6256 From 93 south, take the Montvale
Gary Ritter Ave./Wobun Exit, Exit 36. Take a
Project Manager: (978) 656-3582 right onto Montvale Ave. Take a left at
Paola Macchiaroli the lights onto Washington Street. At

the next set of lights, take a left onto
Forest Street. Take the second right
onto Highland Ave., the Hospital is

0 1,000 yards up on the left.
Urgent Care (i.e., sutures, broken bones) can be provided by the Wilmington Regional
Health Center located at 500 Salem Street, Route 62, Wilmington, (978) 657-3910.
THEY DO NOT provide emergency services.

0
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10.0 TASK SPECIFIC HAZARD ANALYSIS

This section includes a discussion of specific hazards and procedures to mitigate those
hazards for each of the tasks to be conducted as part of this project. Table 10-1
summarizes the anticipated tasks and hazards.

Table 10-1

Task Hazard Analysis

Initial
Preventive Measures Level of

Task Potential Hazards Protection
Drilling wells and sample Utilities, heavy See Sections 4.1, 4.2, D
subsurface soils during equipment, potential 4.3, 4.5, 4.6, 4.8, 4.9,
drilling chemical exposure, heat 5, 6, and 7.

and cold stress, noise.
Recovery System O&M Potential chemical See Sections 4.1, 4.2, D
and NPDES and exposure, heat and cold 5, and 6.
groundwater sampling stress.
Soil excavation Utilities, heavy See Sections 4.1, 4.2, D

equipment, large open 4.3, 4.5, 4,6, 4.8, 4.9,
excavations, potential 5, 6, and 7.
chemical exposure, heat
and cold stress, noise.

Dewatering and recovery Large open excavations, See Sections 4.1, 4.2, D
of NAPL from potential chemical 4.3, 4.5, 4.6, 4.8, 4.9,
excavations exposure, heat and cold 5, 6, and 7.

stress, noise.
Treatment of groundwater Potential chemical See Sections 4.1, 4.2, D

exposure, heat and cold 4.3, 5, and 6.
stress, noise.

Stockpiling and off-site Heavy equipment, See Sections 4.1, 4.2, D
transportation of soil potential chemical 4.3, 4.5, 4.6, 4.8, 4.9,

exposure, heat and cold 5, 6, and 7.
stress, noise.

Sampling soil from Potential chemical See Sections 4.1, 4.2, D
stockpiles and excavations exposure, heat and cold 5, and 6.

stress.
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TRC STANDARD OPERATING PROCEDURE NO. 001
GROUND WATER SAMPLING

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in ground water
sampling activities. This SOP details equipment and sampling procedures for sampling from
monitoring wells, residential drinking water wells, and industrial water supply wells. This SOP
conforms to "A Compendium of Superfund Field Operations Methods (EPA/540/P-87/001)," and
" "Low Stress (low flow) Purging and Sampling Procedure for the Collection of Ground Water
Samples from Monitoring Wells (U.S. EPA, July 30, 1996, Rev. 2)."

1.1 Objective

The objective of ground water sampling is to obtain a representative sample of water from the
ground water aquifer. This requires that the water sample being collected is representative of
true ground water as opposed to stagnant water which is contained in the well casing and
associated plumbing.

1.2 Equipment

The following equipment should be used when sampling a monitoring well. Site specific
conditions may warrant the use of additional equipment.

" Water level measuring device
" Submersible pump with low-flow capabilities, equipped with Teflon or polyethylene 78 bn

tubing
e Water Parameter instrument and flow-through cell (must include: pH, temperature,

conductivity, oxidation reduction potential and dissolved oxygen)
* Turbidity meter
" Sample containers
" Field Logbook and/or Field Data Record for ground water
* Traffic Reports
" Chain of Custody forms
* Custody seals
* Sample preservative kit (includes preservatives for each specific analysis)
* Sample labels
* Sample tags
" Packing tape
* Zip-lock bags
* Packing materials

L99-375.001 i
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" Shipping coolers
* Trip blanks (if applicable)
* Temperature cooler indicator blanks

* Ice or "blue ice"

2.0 PROCEDURES

Equipment and procedures for sampling three types of wells are described below, ii

" Monitoring wells;

* Residential drinking water wells; and

* Industrial water supply wells.

2.1 Ground Water Sampling of Monitoring Wells

The following procedure should be used for collecting a ground water sample from
well.

1. Prior to collecting water samples, place a waterproof sample label on each

L99-375.0

container. Include the following information on each label:

a. TRC Project No.: (e.g., 2850-N61-22)

b. Project Name: (e.g., XYZ Corporation)

c. Sample ID.: X-GW-MW1O-41893

Where X - Site initials (e.g., XYZ Site)
GW - Ground Water Sample
MWl0 - Well Designation
41893 - Sampling Date

d. Analysis required: (e.g., TOC)

e. Preservative: - (e.g. ICED, pH<2 H2SO 4)

f. Collection Time: _ (e.g., 0930)

01
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g. Collection Date: - (e.g., 4-18-93)

h. Initials of Sampler: (e.g., GLD)

Fill in the information with a water proof ink pen before sample collection. This will

prevent difficulty in filling out a wet label. Cover the label with clear cellophane tape.

2. On the groundwater field data record note the physical condition of the well, including

damage, deterioration, and signs of tampering.

3. Unlock the protective cap on the well.

4. Open the well cap. Note any unusual odors, sounds, or difficulties in opening the well.

Record organic vapor reading with a suitable organic vapor screening device, if

applicable.

5. Gently lower a decontaminated water level measuring device into the well to determine

the static water level.

6. Measure the depth to the bottom of the well and the inside diameter of the well casing,

if unknown.

7. Initiate purging. Slowly lower the pumping equipment (submersible pump) so that the
intake is located at the midpoint of the well screen. If the water level is lower than the

top of the well screen, position the pump intake at the midpoint of the standing water.
The intake should be at least 1 foot above the bottom of the well to minimize

mobilization of settled sediment, the risk of the pumping suction being broken, or the
entrainment of air in the sample.

As described above, lower the pump to the appropriate depth within the well.

Commence purging at the slowest possible rate and slowly increase the speed until

discharge occurs. Measure the flow rate using a plastic graduated cylinder and time
piece. Adjust the pump speed to maintain flow rate that is less than the recharge rate.

Monitor the draw down to ensure that none occurs. Continue to monitor the water level

during the purging and sampling. Note any flow rate adjustment(s). Under no

circumstances should the well be pumped dry and once pumping is begun, it should not
be interrupted until the entire sample volume has been collected. Collect all purge water

in a bucket.

L99-375.001
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8. Initially, turbidity may be elevated. Once visual estimates indicate that turbidity has
decreased to a measurable range, begin monitoring indicator parameters: temperature,
pH, specific conductance, dissolved oxygen (DO), turbidity, and oxidation/reduction

potential (ORP). Monitor these parameters as frequency as possible (approximately
every 3 to 5 minutes or as appropriate).

Stop purging when pH and specific conductance have stabilized and turbidity is 5
NTU's or less. Parameters are considered to have stabilized if, over three consecutive
readings, all of the following criteria are met.

* pH 0.1 unit
" specific conductance and temperature within 3%
* turbidity within 10% for values greater than I nephelometric turbidity units (NTU)
" DO ±10%
e ORP ±10 mv
* However, if parameters do not stabilize, or turbidity remains greater t1l an 5 NTUs,

technical judgement will be used to ascertain when sampling should be commenced.

The flow rate will be reduced to minimize aeration of the water and a sample will be
collected directly for volatile organic compounds (VOCs). A "test" vial v.ill be
collected first to determine the amount of preservative (HCL) needed to re iuce the pH
to less than 2. The pH of the test sample will be determined, then HC1 will be
incrementally added to the sample until the pH is less than 2. The volume of HCl added
to the test vial will be recorded and that amount used in each of the remaii ing sample
vials. If the test vial effervesces, no preservatives will be added to the VOC fraction of
the sample.

During purging and sampling, the tubing should remain filled with water so as to
minimize possible changes in water chemistry upon contact with the atmosphere. All
flow cells will be shaded from direct sunlight to minimize the potential for out gassing
It is recommended that 1/4 inch or 3/8 inch (inside diameter) tubing be used to help
ensure that the sample tubing remains water filled. If the pump tubing is not completely
filled to the sampling point, use one of the following procedures to collect samples: (1)
add clamp, connector (Teflon or stainless steel) or valve to constrict sampling end of
tubing; (2) insert small diameter Teflon tubing into water filled portion of pump tubing
allowing the end to protrude beyond the end of the pump tubing, collect sainple from
small diameter tubing; (3) collect non-VOC samples first, then increase flo w rate
slightly until the water completely fills the tubing, collect sample and record new
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drawdown, flow rate and new indicator field parameter values."

9. Fractions of the ground water sample should be collected in the following order:

1. Volatile organic compounds (VOCs);
2. Semivolatile organic compounds (SVOCs);

3. Unfiltered inorganic compounds;
4. Filtered inorganic compounds; and

5. Water quality parameters.

During sample collection, allow the water to flow directly down the side of the sample
container without allowing the tubing the touch the inside of the sample container or lid,

in order to minimize aeration and maintain sample integrity.

Samples for volatile organics will be collected first, and the sample vial must contain no

air bubbles after it has been capped; ensure this by turning the vial upside down and

tapping it lightly. If any bubbles are observed, discard the sample and collect a new

sample. Fill the remaining sample containers at least 3/4 full for all other analyses.

10. Preserve the samples in accordance with "40 CFR Part 136, EPA Regulations on Test

Procedures for the Analysis of Pollutants."

Measure and record the final water level, temperature, pH, specific conductance, DO,
turbidity, and ORP readings. After measuring for final indicator parameters, cease

pumping and disassemble the purging and sampling equipment.

* Replace the protective/locking cover on the well and lock the outer casing (if

present).

* Dispose of all purged water according to the procedures described in Appendix H.

To ensure that representative ground water samples are collected, ground water will be

removed from each well until in-situ ground water parameters stabilize and a turbidity

of less than 5 NTUs is achieved. If stabilization of in-situ parameters is not achieved, a

maximum of five well volumes will be removed prior to sampling. Ground water will

be removed from the wells utilizing a submersible pump. In circumstances where

access via pump is not possible (i.e., a narrow diameter well mouth) a dedicated teflon

or stainless steel bailer will be used. The method of purging the wells will depend on
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the well construction, depth, and rate of recharge. All monitoring wells w
permitted to recharge before ground water samples are collected.

11. Wrap the sample containers in a resealable plastic bag, place them into a s
container, cool to 4"C with ice packs and complete the chain-of-custody fc
samples with bubble wrap and/or vermiculite packing as necessary.

12. Detail in the field logbook the sample location, ID, and time. The TRC fic
for ground water (attached) should be used to record the following:

" Volume of each sample
e Sample identification Number
* Sample location
* Time and date sample was taken
* Personnel performing the task
* Volume of water removed
* Purging time
* Field parameters such as pH, temperature, conductivity, turbidity ox

reduction potential and dissolved oxygen
* Sampling method
" Analytical parameters
e Preservation method and amount of preservative added
e Chain-of-custody information such as laboratory contract number or

2.2 Ground Water Sampling of Residential Drinking Water Wells and Imw
Supply Wells

The following procedure should be used for collecting a ground water sample from
well.

1. Every effort should be made to locate a suitable sampling point which is nc
after any type of filtration or water treatment system. This will typically be
tap. If such a non-filtered or non-treated sample cannot be obtained, an eff
made to disconnect the filtration/treatment system prior to sample collectio
permission is received. If the sampling tap has an aerator device, the aerat
removed prior to sampling.

L99-375.001
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2. The amount of static water volume contained in the well system (i.e., inside well casing,
storage tank, plumbing) will be calculated. The volume of the static water column will
be calculated using the following equation.

V = d2 h(0.0408)

where: V = volume of static water column (gallons)

d= diameter of the well (inches)

h = height of the static water column (feet)

(0.0408)= unit conversion factor

3. At a minimum, the volume of the holding tank will be purged prior to sample collection.
If the well is not used regularly, one to three well system volumes will be purged if the
well recharges quickly and it is feasible to dispose of a large volume of water.
Temperature, pH, dissolved oxygen, oxidation reduction potential and conductivity of
the water will be monitored periodically. When these indicator parameters have
stabilized within 10 percent, the well will be sampled.

Purged water should be disposed, at a minimum, twenty-five feet downgradient of the
well. If purge water cannot be disposed of on site, it should be containerized in 55-
gallon drums.

4. The flow rate of the tap will be reduced to minimize aeration of the water and a sample
will be collected directly from the tap for volatile organic compounds (VOCs). A "test"
vial will be collected first to determine the amount of preservative (HCL), needed to
reduce the pH to less than 2. The pH of the test sample will be determined, then HCI
will be incrementally added to the sample until the pH is less than 2. The volume of
HCl added to the test vial will be recorded and that amount used in each of the
remaining sample vials. If the test vial effervesces, no preservatives will be added to the
VOC fraction of the sample.

5. The flow rate will then be increased, and the remaining fractions will be collected in the
following order:

1. Semivolatile organic compounds (SVOCs);

A 2. Unfiltered inorganic compounds;
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3.
4.

Filtered inorganic compounds; and
Water quality parameters.

All fractions of ground water samples will be preserved in the field in acck
"40 CFR Part 136, EPA Regulations on Test Procedures for the Analysis o

6. Wrap the sample containers in a resealable plastic bag, place them into a s
container, cool with ice packs to 40C, and complete the chain-of-custody
samples with bubble wrap and vermiculite packing as necessary.

7. Detail in the field logbook or ground water sample collection form, the fol
information:
e Sample identification Number
* Sample location
* Volume of water removed
" Purging time
* Field parameters such as pH, temperature, conductivity and turbidity
* Sampling method
* Analytical parameters

" Preservation method and amount of preservative added

" Chain-of-custody information such as laboratory contract number or C.
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Duplicate Ground Water and Residential/Industrial Supply Well Sampling

The following procedures should be used for collecting duplicate ground water and
residential/industrial supply well samples:

1. For quality control purposes, each duplicate sample will be submitted to the
a "blind" duplicate sample, in that a non-existing sampling point will be assi
labeling the duplicate. All labeling procedures used for ground water sampli
employed and all parameters measured will also be recorded. Since the dupl
collected simultaneously to the actual sample, a "blind" sample time, within.
7the actual time, will also be assigned. The actual source and collection tim
duplicate sample will be recorded in the field book.

2. Each duplicate sample will be collected simultaneously with the actual samp
coincident step in the sampling procedures that the VOC containers are filled
the duplicate sample VOC containers will also be filled and sealed. Followi
of collection specified for each set of containers (VOCs, SVOCs, unfiltered i
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compounds, and filtered inorganic compounds), the duplicate sample containers will be

filled simultaneously with each parameter.

3. All collection and preservation procedures outlined for ground water and
residential/industrial supply well sampling will be followed for each duplicate sample.
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Project: Project No.: Date/Time: heet of

Field Data Record Contractor Personnel: TRC Personnel:
Ground Water
Sample No.: Well Location:
WELL INTEGRITY Protective Well top of riser measured

YES NO Casing Stick-up _ ft. Depth - ft' top of casing historical
Protect. Casing Secure (from ground)

Concrete Collar Intact Riser Stick-up Water
PVC Stick-up Intact (from ground) _ _ ft. --- -
Well Cap Present ... - - - 16 gal/ft (2 in.)Security Lock Present WELL DIAMETER 2 Inch Height of gal/It (4 In.)

4 inch Water Clumn ___ 5 gal/It (6 In.)
- 6 Inch _1.5 gaft (6 In.)

6cg incht C- in.)

PID SCREENING MEAS. Volume of Water In Well = gallon(s)
WELL MATERIAL

Background 2 . 3) gallons

Well Mouth PVC SS[. h( purge

FIELD WATER QUALITY MEASUREMENTS

Purge Volume (gal)

pH (Std. Units) . Sample Description

Eh (millivolts) Clear Turbid

Conduct (pmhos/cm) Clear Turbid

T e m p . (C ) O d or

Turb. (NTU) Odor

DO (mg/I) Other

SAMPLE EQUIPJDECON. PURGE SAMPLE EQUIPMENT ID DEC6N. FLUID USED

Peristaltic Pump Tap Water
Submersible Pump .. Alconox
Bailer Tap Wi ter -
Waterra HNOd (1 or 10%) -

PVC/Silicon Tubing Tap Wiater

Teflon/Silicon Tubing DESCRIPTION OF DECON. PROC. Methanol

Air Lift Hexan e

In-line Filter Acetone
Pressure Vacuum Filter Air Drr

Measuring Tape - Air Dr

None

ANALYTICAL PARAMETERS Filtered Preservation Volume Time of CLP CLP
(circle) Method Requlred Collection Samplea# Case.

El TCL Volatiles YES NO 40 C 2x40 mL

E BNA Extractables YES NO 4' C 4x1 L Amb GL

PCBs/Pesticides YES NO 4* C

E TAL Metals YES NO HNO314" C 1 L PL

ED Cyanide YES NO NaOH/4* C I L PL

CL YES NO

Rev: a July 1991
Signed:

AF%



C Project: Project No.: Date/Time: Sheet of

Field Data Record TRc Personnel:
Well Development j
Well Identification:
WELL INTEGRITY Protective Well top of riser measured

YES NO Casing Stick-up ft. Depth _ ft. top of casing H hIstorical
Protect. Casing Secure (from ground)
Concrete Collar Intact
PVC Stick-up Intact rser u Dktht_ ft.
W e ll C a p P re s en t ( g - f- -

Security Lock Present WELL DIAMETER 2 Inch Height of .16 galt (2 in.)

4 inch Water Column _ ft. x .65 gallft (4 In.)

6 Inch -1.5 gal/f (6 in.)
_. gal/ft (_. In.)

PID SCREENING MEAS. Volume of Water In Well = gallon(s)
WELL MATERIAL

Background .Totl gallons
Well Mouth PVC SS_ [VoL = r 2 h(O.163)] to purge

FIELD WATER QUALITY MEASUREMENTS
Purge Volume (gal)

pH (Std. Units)

Eh (millivolts)

Conduct. (pmhos/cm)

Temp. (C)

Turb. (NTU)

DO (mg/n)

Purge Volume (gal)

pH (Std. Units)

Eh (millivolts)

Conduct. (pmhos/cm)

Temp. (C)

Turb. (NTU)

DO (mgli)

EQUIPMENT PURGE SAMPLE EQUIPMENT ID DECON. FLUID USED
Peristaltic Pump Tap Water -
Submersible Pump - -. .... Alconox -
Baler Tap Water .
Waterra HNO3 (1 or 10%) -
PVC/Silicon Tubing Tap Water -
Teflon/Sillcon Tubing DESCRIPTION OF DECON. PROC. Methanol
Air Lift Hexane -
In-line Filter Acetone
Pressure Vacuum Filter Air Dry
Measuring Tape -DIWater

Air Dry
None

Rev: 8 Jury 1991Signed:
AF-2M
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TRC STANDARD OPERATING PROCEDURE NO. 002
SURFACE SOIL SAMPLING

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the logistics,
collection techniques, and documentation requirements for collecting surface soil samples.

1.1 Objective

The objective of surface soil sampling is to obtain a representative sample of soil for laboratory
analysis of contaminants of concern at a given site. This objective requires that the sample be
both free of unsuitable material and be of sufficient quantity and quality for analysis by the
selected analytical method.

1.2 Equipment

The following equipment is needed for surface soil sampling:

* Boots, latex gloves, chemical resistant gloves, appropriate level of personal protection.

* Sample containers - one (1) liter glass jar with a Teflon lined cap or two (2) 8 oz. glass jars
with Teflon lined caps (per sample). Samples to be analyzed for VOCs will be collected by
the USEPA 5035 method using the following glassware: (a) "high level" analysis - one (1)
40 ml VOA vial pre-preserved with 15 ml of methanol; or, (b) "low level" analysis - one
(1) 40 ml VOA vial pre-preserved with 15 ml of methanol, and two (2) 40 ml VOA vials
pre-preserved with 5 ml of sodium disulfate. All samples submitted for VOC analysis will
include one small (40 ml to 4 oz) container, to allow the laboratory to record the
moisture/dry-weight characteristics. Should conditions allow, VOC samples may be
collected with Encore samplers, rather than methanol - preserved glassware.

* Samples collected for VOC analysis with the use of Encore samplers will be containerized
as follows: (a) for high level VOC analysis, one 25-gram Encore sampler will be provided
to the laboratory; and, if appropriate, (b) for low level VOC analysis, two 5-gram Encore
samplers will be provided to the laboratory. Samples will be collected directly into the
Encore samplers, capped and sealed, and delivered to the laboratory within 7 days of
collection.

* Stainless steel spoon or spatula.

* Wooden stakes and spray paint (highly visible).

L99-375.002
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" Field logbook and/or TRC Sample Log Form (Fonn AF-212).

" Sample bottle labels.

" Chain-of-custody forms (TRC or EPA, as necessary).

* Hand auger.

* Stainless steel trowel/shovel.

* Stainless steel mixing bowl.

* Disposable syringe.

* Digital Scale (accurate to +/- grams).

" Encore sampling containers, if conditions allow.

* Indelible marking pens.

2.0 PROCEDURES

Sampling Procedure

The following procedure should be used for surface soil sampling.

1 All surface debris should be removed prior to sampling including wood, r
gravel, and trash.

2

3

SOP No. 002
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aper, sod,

Identify the sample location and mark with a stake, flagging, or similar marker.

Collect the soil using a stainless steel shovel, hand auger, trowel and/or spatula.
collection of larger pieces of material (cobbles, larger rocks).

4 A pre-cleaned stainless steel spoon or spatula should be used to take the s
fill the sample containers except in the case of a sample for VOC analysi
collected using and an open barrel disposable syringe. Care should be tal
sampling anything but soil. Stones, gravel, or vegetation should be remo
sample since these materials will not be analyzed.
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5 For VOC analysis prior to collecting the sample, USEPA method 5035 specific volumes
of preservative (methanol and sodium bisulfate) will be added to sterilized 40 ml
containers. Each pre-preserved container will then be weighed prior to sample
collection, and the container/preservative weight will be recorded on the chain of
custody. A digital scale capable of +/- 0.1 gram(s) accuracy will be used to weigh the
sample containers.

6 If a sample for VOC is desired it will be collected first using an open barrel, disposable
syringe. VOC samples should never be homogenized or composited.

7 The end of syringe barrel will be covered.

8 For a Low Level Analysis the soil will be extruded into a prepreserved VOA vial
containing a stir bar, sodium bisulfate (5 ml) and distilled water.

9 If the sample is collected for high level volatile analysis, the sample will be extruded
into a VOA vial containing OPurge and TrapO grade methanol (15 ml).

10 The syringe will be filled with undisturbed soil of the following volumes: 5 grams of
soil for low-level analysis (added to the soil of sodium bisulfate); and/or 15 grams of
soil for high level analysis (added to the 15 ml of methanol).

I1 Any particles of grains present on the container rim or cap will be removed to ensure an
adequate seal of the vial. The VOA vial will be capped quickly and label with sample
IDs, date, and time of collection. The container/preservative/sample will then be
weighed and that post-collection weight will also be recorded on the chain of custody.
The objective sample weights(5g for low-level analysis, and 15 g for high level
analysis) will be achieved (+/- 10%) with the use of the digital scale. Should
insufficient sample volume be added to the preserved container, a stainless-steel spatula
will be used to add a small portion of sample until the target weight is achieved (or
exceeded with 10%).

12 In the event that a field screening technique (instrument reading, visual staining of the
soil, or olfactory observation) indicates the presence of VOCs or hydrocarbons, note the
observations or instrument readings in the field logs ).
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13 Collect additional material for the remaining parameters by collecting the sample with
the stainless steel spoon and transferring the soil into a stainless steel bowl.
Homogenize the sample by mixing the sample within the bowl using the stainless steel
spoon prior to filling the remaining sample containers.

14 Record the sample location, ID and time in the field logbook. Complete t e TRC
Sample Log Sheet (attached) with the following:

* Sample identification number

* Sample location (sketch of the sample point)

* Time and date sample was taken

* Personnel performing the task

* Visual or sensory description of the sample

" Brief sediment descriptions (color, texture, appearance)

* Weather conditions during sampling

* Runoff conditions

* Other pertinent observations

* Soil description
" Weights of preserved VOC containers before and after sample collection.

Label each sample container with the following information:

a. TRC Project No.: (e.g., 2850-N61-22)

b. Project Name: (e.g., XYZ Corporation)

c. Sample ID.: X-SS 12 - 41884 - 3"-6"

Where: X - site initials (e.g., XYZ Site)
SS - Surface Soil
12 - Sampling Location
41884 - Date
3"-6" - Depth of Sample

d. Analysis Required: (e.g., METALS)

e. Preservative: (e.g., ICED)
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f. Collection time: (e.g., 1415)

g. Collection date: (e.g., 4-18-84)

h. Initials of collector: (e.g., FWJ)

After the samples have been collected, the sampling location will be marked with wooden stakes
colored with highly visible spray paint in order to identify the sample location for surveying
purposes.

Wrap the sample containers in a resealable plastic bag, place them into a shipping container, cool
with ice packs and complete the chain-of-custody form. Pad the samples with bubble wrap
and/or vermiculite packing as necessary.

2.2 Duplicate Surface Soil Collection

The following procedures should be used for collecting duplicate surface soil samples:

1. For quality control purposes, each duplicate sample will be submitted to the laboratory as a.
"blind" duplicate sample, in that a non-existing sampling point will be assigned in labeling
the duplicate. All labeling procedures used for surface soil sampling will be employed.
Since the duplicate is collected simultaneously to the actual sample, a "blind" sample time,
within one hour of the actual time, will also be assigned. The actual source and collection
time of the duplicate sample will be recorded in the field book.

2. Each duplicate sample will be collected simultaneously with the actual sample. At the
coincident step in the sampling procedures that the VOC containers are filled and sealed, the
duplicate sample VOC containers will also be filled and sealed. Following the order of
collection specified for each set of containers (VOCs, SVOCs, unfiltered inorganic
compounds, and filtered inorganic compounds), the duplicate sample containers will be filled
simultaneously with each parameter.

3. All collection and preservation procedures outlined for surficial soil sampling will be
followed for each duplicate sample.
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Project: Project No.: DateTme: Sheetof

Sample Log Sheet Contraator Personnel: Alliance Personinel:

- Sketch of Sample docation
Sample No.: -

Depth/interval Sampled:

Sample Type: Grab, Composite or Both
(circle)

Media: Surface Soil Sediment
(circle) Subsurface Soil Surface Water

Other Ground Water

Field Screening Information: Observations:

Type of Meter:

Other Field Measurements:

DECONTAMINATION PROCEDURE:
SAMPLE COLLECTION EQUIPMENT: DECON. FLUID USED DESCRIPTION:

Tap water .
Hand Auger Trowel Alconox
Core Sampler Shelby Tube Tap water

Spatula/Spoon Dredge Sampler N0 or10%)

Bowl (stainless) Kemmerer- Methanol -

Split-spoon (2" or 33 Extended Arm Heeano
Bailer Acetone -

OTHER: Backhoe Air Dry
Van Dom Bottle DI Water

Air Dry
None -

Filtered Preservation Volume Time of - CLP CLP
ANALYTiCAL PARAMETERS (circle) Method Required Collection Sample Casel

LI TCL Volatiles YES NO

DNA Extractables YES NO

L PCBs/Pesticides YES NO

E TAL Metals YES NO

Cyanide

041Z2

YES NO

YES NO

Signed:

t
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TRC STANDARD OPERATING PROCEDURE NO. 003
SURFACE WATER AND SEDIMENT SAMPLING

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the logistics,
collection techniques, and documentation requirements for collecting surface water and sediment
samples. The SOP conforms with "A Compendium of Superfund Field Operations Methods
(EPA/540/P-87/001)," and other pertinent technical publications.

1.1 Objective

The objective of surface water and sediment sampling is to obtain a representative sample of
these media for laboratory analysis of contaminants of concern at a given site. This objective
requires that the sample be both free of unsuitable material and be of sufficient quantity and
quality for analysis by the selected analytical method.

1.2 Equipment

The following equipment is needed for surface water and sediment sampling:

Surface Water Sampling

* Boots, waders, latex gloves, chemical resistant gloves, appropriate level of personal
protection.

* Sample containers (40 milliliter VOA vials, 1 liter amber glass jars and 1 liter plastic
bottles).

* Wooden stakes and highly visible spray paint.

* Kemmerer bottle, Van Doru bottle or sterile sampler (if required). The sampler
employed will be manufactured of stainless steel, Teflon, or glass.

* Waterproof field logbook and/or TRC Sample Log Form.

* Sample bottle, labels (TRC or EPA, as necessary).

* Chain-of-custody forms (TRC or EPA, as necessary).

* Boat (if needed).

Sediment Sampling

* Boots, waders, latex gloves, chemical resistant gloves, appropriate level of personal
protection.
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e Dedicated stainless steel spoons (2 tablespoon size), hand auger, or ponar dredge (for
river/stream sediments).

* Indelible markers

* Digital scale (accurate to +/- 0.1 grams)

* Disposable sampling syringe

* Encore sampling containers (if conditions allow)

* Stainless-steel mixing bowl

* Stainless-steel spatulas or spoons.

* Dedicated Teflon spoons (if required).

* Sample containers; one (1) liter glass jar with a Teflon lined cap or two (2) 8 oz.
Glass jars with Teflon lined caps (per sample). Samples to be analyzed for VOCs will
be collected by the USEPA 5035 method using the following glassware. (a) "high
level" analysis - one (1) 40 ml VOA vial pre-preserved with 15 ml of niethanol; or
(b) "low level" analysis 15 ml of methanol and two (2) 40 ml VOA vialIs. pre-
preserved with 5 ml of sodium bisulfate. All samples submitted for VOC analysis
will include on small (40 ml to 4 oz) container, in order to allow the lab oratory to
record the moisture/dry-weight characteristics. Should conditions allow, VOC
samples may be collected with Encore samplers, rather than methanol preserved
glassware.

" Samples collected for VOC analysis with the use of Encore samplers will be
containerized as follows: a. for high level VOC analysis, one 25-gram Encore sampler
will be provided to the laboratory; and, two 5-gram Encore samplers will be provided
to the laboratory. Samples will be collected directly into the Encore sa plers, capped
and sealed, and delivered to the laboratory within 7 day of collection.

" Wooden stakes and highly visible spray paint.

* Waterproof field logbook and/or TRC Sample Log Form.

* Sample bottle labels (TRC or EPA, as necessary).

" Chain-of-custody forms (TRC or EPA as necessary).

2.0 PROCEDURES

2.1 Order of Samples

If both stream sediment and water samples are to be collected concurrently, the water samples
should be taken first in order to avoid introducing sediment into the water column from sediment
collection activities.

In flowing streams or runoff channels, samples should be collected first from the furthest point 6
downstream. The remaining samples will be taken while proceeding upstream.
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2.2 Surface Water Sampling Procedure

The person collecting the samples in most cases will have to enter the water body. For flowing
streams this will necessitate the donning of boots or waders, and wearing of latex inner gloves
and chemical resistant outer gloves. All samples in flowing water bodies will be taken facing
upstream. Samples taken from small lakes or ponds should be taken from a boat using a
Kemmerer or Van Dorn bottle. Samples taken from standing puddles, pools, and drainage
ditches should be taken without disturbing the sediments. This may be accomplished by the use
of a remote sampler, e.g., a sample bottle held on a long pole with a gimballed yoke.

The sampling procedure for surface water is as follows.

1. Prior to collecting any water samples, place a waterproof sample label on each
container following this system:

a. TRC Project No.: _ (e.g., 2850-N61-22)

b. Project Name: (e.g., XYZ Corporation)

c. Sample ID X-SW-10 41884

Where X-site initials (e.g., XYZ Site)
SW-surface water
10-sampling location
41184-date

d. Analysis required: _ (e.g., TOC)

e. Preservative: (e.g., ICED pH<2 H2S0 4)

f. Collection Time: (e.g., 0930)

g. Collection date: (e.g., 4-11-84)

h. Initials of collector (e.g., GLD)

Fill in the information with a waterproof ink pen before sample collection. This
will prevent difficulty in filling out a wet label.

2. Determine the amount of preservative required for each type of sample, prior to
collection of samples at a given location. Collect an aliquot of sample in the
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appropriate container, and slowly add preservative until the pH as indicated by pH
paper, is at the specified level. Place the same amount of preservative in the remaining
sample containers.

Face upstream; wearing gloves, take clean, wide-mouth container and submerge it.

Take the filled jar and fill pre-preserved volatile organic vials before filling any other
containers. Slightly over-fill the vial and screw on the cap. Then turn tlje vial upside
down and tap lightly to check for air bubbles. Air bubbles of any size should not be
present as they can introduce significant error in the analysis of the sample. If any air
bubbles are present, empty the vial and repeat the process.

5. Using the same wide-mouth container as a scoop, continue to fill the rem
pre-preserved sample bottles. Where samples are to be submitted for di
and/or cyanide, and field filtration is required, 500 ml of water collected
sampling point will be filtered in the field using a portable pump and ste
filtration devices. The filtered sample will be preserved subsequent to tl

6. Gently mix all samples and check for proper preservation with indicator
paper).

aining
;solved metals
from the
cile, dedicated
ie filtration.

paper (i.e., pH

The temperature, pH, dissolved oxygen, oxidation reduction potential arid conductivity
of the sampled water should be determined immediately after sample collection.
Where possible, field measurements of these parameters will be measured in-site,
rather than from a sample container. These measurements should riot be taken from
any sample bottles being sent to the analytical laboratory for chemical analysis.

Wrap the sample containers in a resealable plastic bag, place them into a shipping
container, cool with ice packs and complete the chain-of-custody form. Pad the
samples with bubble wrap and vermiculite packing as necessary.

9. Detail in the field logbook the sample location, ID, and time. Complete
Sample Log Sheet (attached) with the following:

the TRC

* Sample identification number
* Location of the sample (sketch of the sample point)
* Time and date sample was taken
e Personnel performing the task
* Visual or sensory description of the sample (color, odor, turbidity, etc.)
" Weather conditions during sampling
* Runoff conditions

6

3.

4.

7.

8.
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e Other pertinent observations

10. Place a spray painted wooden stake at the edge of the stream or near the sample point
with the sample number on it. The stake will be located by survey for inclusion on a
site map.

11. Field investigation requiring more than one sampling event should include the use of a
Master Sample Log and a Field Chemistry Logbook. At the end of each day, all
samples shall be recorded in the Master Logbook Calibration of field instruments and
field chemistry measurements such as pH shall be recorded in the field chemistry
logbook.

2.3 Sediment Sampling Procedure

The following procedure will be followed for sediment sampling.

1. Select a sample location that is representative of sediment depositional areas. This
might mean a sandbar in the middle of a stream, the inside corner of a stream bed in a
meander, or a deep pool where water velocities are reduced.

2. Place a waterproof sample label on the glass container which specifies the following:

e TRC Project No.
* Project Name
* Sample ID
" Analysis Required
" Preservative
" Collection Time
* Collection Date
" Initials of the collector

Record the information with a waterproof ink pen prior to collecting the sample.

3. For VOC analysis prior to collecting the sample, USEPA method 5035
specific volumes of preservative (methanol and sodium bisulfate) will be
added to sterilized 40 ml containers. Each pre-preserved container will
then be weighed prior to sample collection, and the container/preservative
weight will be recorded on the chain of custody. A digital scale capable of
+/- 0.1 gram(s) accuracy will be used to weight the sample containers.

4. Use either a pre-cleaned dedicated stainless steel spoon or Teflon coated
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spoon (that will fit inside the sample jar), to collect the sampl
samples for VOC analysis which will be collected using an op
disposable syringe.

5. All samples should be taken within the top 6 inches of the stre
Remove any vegetation debris (leaves, roots, bark) along witt
stones from the sample so that only the finer soil material is c
Samples should be obtained using the appropriate sampling d
core barrel, shovel or ponar dredge

6.

7.

8.
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Excess liquids collected along with the sediment sample will Ibe allowed to
decant from the (auger or dredge) sampler prior to sample containerization.

Sediment samples for VOC analysis shall be collected directly from the
dredge/auger sampling device using an open barrel, disposable syringe.

The syringe will be filled with undisturbed soil of the followipg volumes: 5
grams of soil for low-level analysis (added to the 5 ml of sodium bisulfate);
and/or 15 grams of soil for high level analysis (added to the 115 ml of
methanol).

9. The end of the syringe barrel will be covered.

10. For high level VOC analysis, the soil will be extruded from t
a preserved VOA vial, containing "purge and trap" grade mel

11. For low level VOC analysis, the soil will be extruded from ti
a preserved VOA vial, containing sodium bisulfate (5 ml), a
distilled water.

)e syringe into
hanol (15 ml).

e syringe into
tir bar, and

12. Any particles or grains present on the container rim or cap will be removed
to ensure an adequate vial seal. The VOA vial will be capped quickly and
labeled with Sample identification numbers, date and time of collection.
The container/preservative/sample will then be weighed. and that post-
collection weight will also be recorded on the chain of custody. The
objective sample weights (5 g for low-level analysis, and 15 g to high level
analysis) will be achieved (+/- 10%) with the use of the digitJ scale.
Should insufficient sample volume be added to the preserved container, a
stainless-steel spatula will be used to add a small portion of sample until
the target weight is achieved (or exceeded within 10%).
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13. In the event that a field screening technique (instrument reading, visual
staining of the soil, or olfactory observation) indicates the presence of
VOCs or hydrocarbons, note the observations or instrument readings in the
field logs.

14. Once the VOC fraction has been acquired, obtain sample material for the
other parameters to be analyzed.

" Detail in the field logbook the sample location, ID, and time.
Complete the TRC Sample Log Sheet (attached) with the following:

* Sample identification number
" Location of the sample (sketch of the sample point)
* Time and date sample was taken
* Personnel performing the task
* Visual or sensory description of the sample
" Brief sediment description (color, texture, appearance)
* Weather conditions during sampling
" Run off conditions
* Other pertinent observations

15. Place a wooden stake at the edge of the stream or near the sample point
with the sample number on it. This stake will be located by survey for
inclusion on a site map.

In the event that a duplicate or split sample is required, a composited sediment sample will be
collected. Compositing will be performed by collecting enough sample for two containers and
then placing the sample into a precleaned stainless steel basin and mixing it thoroughly with a
stainless steel spoon. After mixing the sample, it should be equally divided between sample
containers. Note that samples for VOCs will not be composited, but will be composed of
separate samples collected immediately adjacent to each other.

2.3 Duplicate Surface Water and Sediment Sampling

The following procedures should be used for collecting duplicate surface water and sediment
samples:

1. For quality control purposes, each duplicate sample will be submitted to the laboratory as a
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"blind" duplicate sample, in that a non-existing sampling point will be assigned i
duplicate. All labeling procedures used for surface water and sediment sampling'
employed and all parameters measured will also be recorded. Since the duplicate
simultaneously to the actual sample, a "blind" sample time, within one hour of the
will also be assigned. The actual source and collection time of the duplicate samr
recorded in the field book.

2. Each duplicate sample will be collected simultaneously with the actual sample. A
coincident step in the sampling procedures that the VOC containers are filled and
duplicate sample VOC containers will also be filled and sealed. Following the on
collection specified for each set of containers (VOCs, SVOCs, unfiltered inorgani
and filtered inorganic compounds), the duplicate sample containers will be filled s
with each parameter.

3. All collection and preservation procedures outlined surface water and sediment sa
followed for each duplicate sample.
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Project: Project No., Date/Time: Sheet __ of

Sample Log Sheet Contractor Personnel: TRC Personnel:

Sketch of Sample Location
Sample No.:

Depth/interval Sampled:

Sample Type: Grab, Composite or Both
(circle)

Media: Surface Soil Sediment
(circle) Subsurface Soil Surface Water

Other Ground Water

Field Screening Information: Observations:

Type of Meter:

Other Field Measurements:

SAMPLE COLLECTION EQUIPMENT: DECONTAMINATION PROCEDURE:
DECON. FLUID USED DESCRIPTION:

Tap water _
Hand Auger Trowel Alconox _
Core Sampler Shelby Tube Tap water -

Spatula/Spoon Dredge Sampler HNO3 0 orl0%) _

Bowl (stainless) Kemmerer eTap Water

Split-spoon (2" or 3") Extended Arm Hexaneo

OTHER: Bailer Acetone
Backhoe Air Dry
Van Dorn Bottle DI Water

Air Dry
Jone _

Filtered Preservation Volume Time of CLP CLP
ANALYTICAL PARAMETERS (circle) Method Required Collection Sample Case#

TCL Volatiles YES NO

BNA Extractables YES NO

PCBs/Pesticides YES NO

TAL Metals YES NO

E] Cyanide YES NO

El _______YES NO 1

Rev: 8 Juy 1991
Signed:
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TRC STANDARD OPERATING PROCEDURE NO. 004
EQUIPMENT DECONTAMINATION PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for decontamination of field equipment used in hazardous waste investigations. The SOP
conforms to "A Compendium of Superfund Field Operations Methods (EPA/540/P-87/00 1)," and
other pertinent technical publications.

1.1 Objective

The objective of equipment decontamination is to remove potential contaminants from a sampling
device or item of field equipment prior to and between collection of samples for laboratory
analysis and limit personnel exposure to residual contamination that may be present on used field
equipment.

1.2 Equipment

The following equipment may be utilized when decontaminating equipment. Site-specific
conditions may warrant the use or deletion of items from this list.

* Alconox, liquinox or other non-phosphate concentrated laboratory grade soap;
* Deionized Water;
* Pump Sprayer;

* 1 -Pint Squeeze bottle filled with pesticide-grade hexane;

* 1-Pint Squeeze bottle filled with pesticide-grade methanol;

* 1-Pint Squeeze bottle filled with ten (10) percent nitric acid;
e 1-Pint Squeeze bottle filled with one (1) percent nitric acid;

* Five large plastic wash basins (24 inches by 30 inches by 6 inches deep);

* Two coarse scrub brushes;

* Small wire brush;
* Aluminum foil;

* Polyethylene sheeting;

* Two large capacity barrels;

* All necessary personal protective equipment (gloves, eyewear, tyveks);0 Extra quantities of above listed liquids; and
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* 4 inch Schd 40 PVC pipe 4 feet in length with an end cap for decowing Pump
tubing (if needed).

PROCEDURES

General

The following procedures should be used for decontaminating field equipment. Pro
vary with equipment used and potential contaminants present at the site.

2.2 Procedure for Soil Sampling Equipment

Soil sampling equipment, such as split spoon samplers, shovels, augers, trowels, spo
spatulas will be cleaned using the following procedure.

1. Lay out sufficient polyethylene sheeting on the ground or floor to allow pE
five plastic wash basins and an air drying area. Place wash basins on the p
sheeting.

2. Fill the first wash basin with potable tap water. Add sufficient soap powde
to cause suds to form in the basin. Do not use an excessive amount of the
rinsing the soap residue off the equipment will be difficult.

3. Using a clean coarse scrub brush, wash the sampling equipment in the soap
the first basin, removing all dirt. Allow excess soap to drain off the equipr
finished.

4. Rinse the equipment with tap water in the second basin, using a coarse scru
pressure sprayer to aid in the rinse, if necessary.

5. If the equipment is being used to sample for metals, rinse the equipment wi
in the third basin. A 10 percent solution is used on stainless steel equipmer
percent solution is used on all other equipment. If no metals sampling is be
performed, this step may be omitted.

6. Spray down the equipment in the third basin, using deionized water.

7.
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Spray down the equipment in the fourth basin, using pesticide-grade methinol, if
sampling for organic compounds is to be performed. If oily, a two-step process using
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soluble compounds. If no samples for organic compounds are being collected, this step
may be omitted.

8. Allow the equipment to completely air dry on clean polyethylene sheeting.

9. Rinse the equipment in the fifth basin, using deionized water.

10. Allow the equipment to completely air dry on clean polyethylene sheeting.

11. Reassemble equipment, if necessary, and wrap completely in clean, unused aluminum
foil, shiny side out for transport. Re-use of equipment on the same day without
wrapping in foil is acceptable.

12. Alow spent cleaning solutions in the trays to evaporate into the air. If evaporation is not
possible, all spent cleaning solutions shall be drummed for disposal along with any other
contaminated fluids generated during the field investigation.

13. Record the decontamination procedure in the field logbook or on appropriate field form.

14. If step 8, rinsing with organic solvents, was performed, check the equipment for the
presence of residual solvents with a photoionization or flame ionization detector prior to
use. If a detection occurs, disassemble the equipment and allow to air dry until no
readings are observed, then re-rerinse with deionized water.

Note that if temperature or humidity conditions preclude air drying equipment, sufficient spares
should be available so that no item of sampling equipment need be used more than once.
Alternatively, the inability to air dry equipment completely prior to reuse should be noted in the
field logbook. In this case, additional rinses with deionized water should be used and recorded.

2.3 Procedure for Ground Water Sampling Equipment

Ground water sampling equipment, such as bailers and stainless steel cord will be cleaned using
the following procedure.

1. Lay out sufficient polyethylene sheeting on the ground or floor to allow placement of the
five plastic wash basins and room for air drying and place wash basins on the sheeting.

2. Fill the first wash basin with potable tap water. Add sufficient soap powder or solution
to cause suds to form in the basin. Do not use an excessive amount of soap or rinsing
the soap residue off the equipment will be difficult.
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3. Wash the sampling equipment in the soap solution in the first basin, removin
residues. Allow excess soap to drain off the equipment when finished.

4. Rinse the equipment with tap water in the second basin.

5. If the equipment is being used to sample for metals, rinse the equipment wit
in the third basin. A 10 percent solution is used on stainless steel equipment
percent solution is used on all other equipment. If no metals sampling is bei
performed, this step may be omitted.

6. Spray down the equipment in the third basin, using deionized water.

7. Spray down the equipment in the fourth basin, using pesticide-grade methan
sampling for organic compounds is to be performed. If oily, a two-step pro
methanol, followed by hexane should be used to remove both water soluble
soluble compounds. If no organic compounds sampling is being performed,
may be omitted.

8. Allow the equipment to completely air dry on clean polyethylene sheeting.

9. Rinse the equipment in the fifth basin, using deionized water.

10. Allow the equipment to completely air dry on clean polyethylene sheeting.

11. Reassemble equipment, if necessary, and wrap completely in clean, unused i
foil, shiny side out for transport. Re-use of equipment on the same day with
wrapping in foil is acceptable.

12.

13.
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Allow spent cleaning solutions in the trays to evaporate into the air. If evaporation is not
possible, all spent cleaning solutions shall be drummed for disposal along vwith any other
contaminated fluids generated during the field investigation.

Record the decontamination procedure in the field logbook or appropriate field form.

14. If step 8, rinsing with organic solvents, was performed, check the equipment for the
presence of residual solvents with a photoionization or flame ionization detector prior to
use. If a detection occurs, disassemble the equipment and allow to air dry until no
readings are observed. Re-rinse with deionized water.

Note that if temperature or humidity conditions preclude air drying equipment, sufficient spares
should be available so that no item of sampling equipment need be used more than once.
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Alternatively, the inability to air dry equipment completely prior to reuse should be noted in the -
field log. In this case, additional rinses with deionized water should be used and recorded.

2.4 Procedure for Oversized Equipment

Outsized equipment, such as submersible pumps, will be cleaned using the following procedure.

1. Fill two clean barrels with tap water.

2. Add sufficient concentrated soap to one barrel to form a thin layer of soap suds.

3. Immerse the pump in the soap containing barrel and start pump. Circulate the soap
solution through the pump and feed discharge into a waste disposal drum or into the
municipal sewage disposal system.

4. Immerse the pump in the barrel filled with clean tap water and start pump. Circulate the
water through the pump and feed discharge into a waste disposal drum. Run the pump
until no soap residue is visible in the discharge.

5. Deionized water should then be run through the pump and used to rinse all submersible
parts and hoses.

6. Record the decontamination procedure in the field logbook or appropriate field form.

2.5 Procedure for Measuring Equipment

Measuring equipment, such as pressure transducers or water level indicators, will be cleaned using
the following procedure.

I. Fill two clean basins with tap water.

2. Add sufficient concentrated soap to one basin to form a thin layer of soap suds.

3. Immerse the device in the soap containing basin and gently agitate. Scrub device if it is
soiled. Do not submerse any electrical connectors or take up reels, only that portion of
the device in contact with potentially contaminated water.

4. Immerse the device in the basin containing the rinse water and gently agitate. Do not
submerse any electrical connectors or take up reels, only that portion of the device in
contact with contaminated water.
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6. Spray rinse equipment with deionized water.

7. Allow the equipment to air dry.

8. Record the decontamination procedure in the field logbook or appropriate field form.
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TRC STANDARD OPERATING PROCEDURE NO. 005
SOIL DESCRIPTION PROCEDURE

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the method
for describing soil samples in test pits, soil borings, and soil grab samples. The SOP conforms to
"A Compendium of Superfund Field Operations Methods (EPA/540/P-87/001)," and other
pertinent technical publications.

1.1 Objective

The objective of soil sample description is to provide geological information useful for the
purpose of hydrogeological or geotechnical evaluation of a site. This objective requires a soil
description method that is based upon widely accepted geological criteria.

1.2 Equipment

The following equipment may be necessary during soil description activities:

- Sand grading chart
- Field logbook
- Folding Ruler or Yard Stick
- Portable table
- Polyethylene sheeting
- Hand lens
- Deionized water in squeeze bottle
- Required personal protective equipment (gloves, boot, eye wear, hard hat, etc.)
- Air monitoring equipment (as required)
- Duct tape
- Boring logs (if applicable)

2.0 PROCEDURES

2.1 General

The general description of a soil sample should be in the following order:

199-375.005.wpd
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1.
2.
3.
4.
5.
6.
7.

Example:

Color
Density
Moisture content
Geologic modifiers or classifications
Major constituent - capitalized
Minor Constituent
Geologic description (in parentheses)

Tan, loose wet stratified medium SAND, little fine sand, trace coa
silt (glacial outwash)

When logging a soil sample collected from a split spoon when more than one soil
present in the split spoon, describe each one separately, using an additional line(s)
log form. Start the description from the top of the split spoon, and log each change
stratigraphy in sequence to the bottom of the spoon. Provide an interval or length i
the beginning of each separate sequence description, followed by a colon. Draw a
bottom of the complete sample description.

2.2 Color

3 SOP No. 005
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rse sand, trace

naterial is
:>n the boring
in

i.e., 0-5 ft.:) at
line below the

S

The main color value should be stated, along with an appropriate modifier. For exunple

0
S

0

light brown
dark brown
reddish brown
brown

The presence of mottling should be included in the description, where present. Fot example:

0 Gray, slightly mottled, dense, damp, poorly sorted angular fine to
SAND, some silt, trace angular coarse sand, trace clay (lodgemen

2.3 Density

In borings, density should be based on the sum of the middle two 6-inch blow cou
foot split spoon or the last two 6-inch blow counts of an 18-inch split spoon. Prof
judgement should be used when applying the density modifier. If high blow couni
presence of a cobble, boulder or large piece of gravel that impedes forward progre
spoon, density should based upon the character of the material in the split spoon, i
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omitted from the description. A notation should be made in the sample description when this
situation occurs. Appropriate modifiers are described in the followingtable.

In test pits, density is subjective and should be based upon the ease of excavation. The above
adjectives for granular and cohesive soils should be used in the description.

2.4 Moisture content

Moisture content should be described using the following modifiers:

* Dry - no moisture.

* Moist - very slight moisture content, no visible water droplets.

* Wet - saturated.

2.5 Geologic Modifiers

Sedimentological descriptions aid in the geologic classification of a soil material. Appropriate
modifiers include:

* Stratification - the presence of alternating layers of non-cohesive materials of different
grain sizes.

* Lamination or varves - the presence of alternating very thin layers of fine materials,
such as silt and clay.

199-375.005.wpd
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a Sorting - A geological term used to describe how close in size the grains ii

to each other. For example, a well sorted sample contains grains of similai

poorly sorted sample contains grains of many sizes.

* Grading - An engineering term used to describe the range in grain sizes pi

sample. For example, a narrowly graded sample contains grains of similar

widely graded sample contains grains of different sizes.

* Angularity or rounding - Geological terms that are used to describe the g

appearance of visible grains in the soil sample. Useful in determining the

depositional environment of a material. Water transported materials may I

Glacial tills will be more angular.

2.6 Grain-size scales

Grain size classification should be based on an accepted classification system such

Unified System. The predominate grain size should be listed in the soil description

letters.

Boulder
Cobble:
C. Gravel:
F. Gravel:
C. Sand:
M. Sand:
F. Sand:
Silt:
Clay:

> 300 mm
75 - 300 mm,
19 -75 mm,
4.75 - 19 mm,
2.0 - 4.75 mm,
0.425 - 2.0 mm,
0.075 - 0.425 mm
0.002 - 0.075 mm
<0.002 mm

Proportions

For geologic description, proportions of grain sizes will be based upon the followil

nomenclature:

* Trace:

* Little:

* Some:

199-375.005.wpd

0-10%

10-20%

20-35%

SOP No. 005
Version 3.0

ober 13, 1999
Page 4 of 5

n a sample are
r size; a

esent in a
size; a

eneral
brigin and
he rounded.

as, the
in all capital

gI

S10

2.7

Recycle Paper



TRC SOP No. 005
Version 3.0

October 13, 1999
Page 5 of 5

* And: 35-50%

The major soil sample constituent is always capitalized and listed first.

Minor constituents also include ancillary materials such as mica flakes, dark minerals, or
naturally occurring organic matter, such as humus, peat, or other vegetative material.
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TRC STANDARD OPERATING PROCEDURE NO. 006
SOIL AND ROCK BORING

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for recording subsurface conditions in soil borings during site hydrogeological and geotechnical
investigations. The SOP conforms to "A Compendium of Superfund Field Operations Methods
(EPA/540/P-87/00 1)," and other pertinent technical publications.

1.1 Objective

The objective of borings is to provide samples for description and characterization of subsurface
conditions, and obtain samples for geotechnical and chemical analyses, often prior to installation
of a monitoring well. This objective requires the use of consistent procedures for documenting
observations and collecting samples.

2.0 PROCEDURES

2.1 Predrilling Requirements

When conducting borings in an industrial facility, TRC will contact all utilities or industrial
facility personnel necessary to receive clearance to drill at specified locations. The names of the
personnel authorizing clearance will be documented in the field logbook. The exact location of
each boring shall also be reviewed by responsible plant personnel to ensure that the area is free of
the facility-owned buried utilities.

Dig-safe will be contacted prior to drilling in public areas. Drilling locations shall be no closer
than 25 feet to overhead utilities. The appropriate utility companies will be contacted to provide
insulation of utility lines prior to commencement of drilling activities.

The supervising geologist/engineer shall record the name of the drilling firm and the names of
the driller and his assistant(s). The date, project location, project number, and weather conditions
shall be recorded as well.

An accurate time log of drilling activities shall be kept. This log shall be kept in the field
logbook and shall include at a minimum, the following:

* Time driller and rig arrive on site

* Time drilling begins

L99-375.006.DOC
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* Any delays in the drilling activities and the cause of such delays

* Time drillers go off site

* Down time (those periods when drilling activities cease due to equipment
weather, ordered stoppages)

2.2 Test Boring Method
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nalfunctions,

Test borings can be conducted by a variety of drilling methods. The more commonly employed

test boring techniques may be classified in to six groups, based on the method used in displacing
or removing subsurface material during the advancement of the borehole. The six drilling

techniques are: displacement boring, wash boring, percussion drilling, rotary drilling, auger
boring, and continuous sampling. The quality of the information obtained from the various

boring methods varies greatly with the character of the subsurface geologic conditions, and

careful consideration should be given in selecting the desired method. It may be nec:essary to

employ more than one boring method to advance a particular borehole. The drilling techniques
used on any particular project will be selected by the project manager and/or projec geologist. In

general, the wash rotary, and auger boring are most common and described below.

2.2.1 Wash Boring

This method involves advancing casing, as required, and washing-out the soil to th<

the casing with a chopping bit to the desired sampling depth. The casing can e adv

either spinning or hammering (pounding) the casing with a 300 pound hammer. Tt

may be stabilized with the casing, water, or drilling mud, and open samplers, such:

solid-spoon type are driven into the undisturbed soil at the bottom of the borehole.

bottom of
nced by
s borehole
s the split-or

This method is most commonly used in soils which do not contain large cobbles anti boulders, or

cemented horizons. The wash boring method involves the introduction of drilling water and/or

drilling mud to the borehole. The use of these materials and this method should be avoided

whenever possible in conducting environmental investigations. The introduction of drilling

fluids can alter the chemical composition of the groundwater adjacent to the boreh le, and may

have an adverse effect on groundwater quality analyses on groundwater samples from monitoring
wells installed in the completed borehole.

If it is necessary to use this technique to advance a borehole, the field geologist she

the source and quality of the drilling water to be used in the boring process. The fi<

should not authorize the use of on-site or nearby groundwater or surface water bodi
source of the drilling water, unless the proposed source has been sampled and anal:
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full suite of contaminants considered likely to be present in the groundwater or surface water
bodies as the source of the drilling water, unless the proposed source has been sampled and
analyzed for the full suite of contaminants considered likely to be present in the groundwater
beneath the site. In all cases where drilling water or drilling mid are used to advance a borehole,
the field geologist should obtain an adequate sample of the drilling fluid for potential analysis, at
the discretion of the project manager and quality assurance/quality control (QA/QC) officer.

2.2.2 Rotary Drilling

This method is a variation of the wash boring technique, utilizing a rotary drill bit, rather than a
chopping bit. It is employed primarily in advancing and cleaning the borehole to the required
sampling depth, and is used in conjunction with air, water, or mud to bring the cuttings to the
ground surface. This is the method generally preferred for exploratory test borings in the geo-
technical consulting industry. This method is commonly used in environmental investigations
when test borings are expected to encounter dense tills and coarse granular deposits (such as
gravels), or are expected to terminate at depths exceeding thirty feet below the ground surface.

The primary disadvantage of this technique for environmental investigations is the introduction
of drilling water or drilling mud. The use of air rotary drilling rigs is usually not appropriate for
environmental investigations unless filters are used because the cuttings brought to the ground
surface are ejected into the air adjacent to the drilling rig. Air born contaminated soil could pose
a health risk to workers at the site and nearby residents.

2.2.3 Auger Borings

This method involves advancing helical solid-flight or hollow-stemmed augers, with large
mobile equipment. This is a fast method for advancing the borehole, without the use of drilling
muds, in partially saturated or unsaturated material above the groundwater table. Conventional
sampling procedures are employed (split-spoon sampler). Some disturbance of the natural soil is
caused by the advancing augers. Auger borings are primarily used for environmental
investigations because they are cost effective and do not involve the introduction of drilling
fluids and muds to the subsurface environment.

Auger borings are difficult to advance below the groundwater table in granular soils due to the
vertical pressure exerted by the groundwater following into the void created by the auger. This
condition is commonly referred to as "running sands" or "blowing sands" in the drilling industry.
"Running sands" can be counteracted with limited success by maintaining a constant hydraulic

head in hollow-stemmed augers during the sampling operations. However, the constant head
technique is not very effective when drilling more than approximately ten feet below the water
table in granular soils.
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Augers are difficult, and sometimes impossible, to advance to depths of greater than
dense tills or coarse granular deposits (such as gravel).
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thirty feet in

Solid stem augers are not recommended for environmental investigations because s6il samples
can not be obtained from discrete depth intervals. Soil samples from solid stem auger borings
are typically collected from the surface of the auger flights as the cuttings are brought to the
ground surface.

Slotted, hollow-stemmed augers are commonly used in environmental investigations when
vertical profiling of a water bearing unit is desired. The slotted lead auger is advanced to a pre-
determined depth below the groundwater table, and water within the auger is purged with a pump
to draw "undisturbed" formation water into the auger. A sample of the groundwater is obtained
for analysis and the auger is advanced to the next groundwater sampling interval.

2.3 Borehole Stabilization

2.3.1 Casing

Driving steel pipe or casing provided the most reliable and practical method of advancing a
borehole to the required depth. Table 1 summarizes the numerous sizes and types of casing
available. The borehole is advance by constant blows of a drive hammer (typically 300 pounds,
falling over a distance of 24 inches) upon a drive head which is attached to the casing. As the
blows to drive the casing are constant, supplementary information may be obtained in the soil
resistance by counting the casing blows and the resulting penetration. Casing blowsi are typically
recorded for each foot of penetration of the casing. The casing can also be spun to the desired
depth.

The casing is driven/spun in five-foot increments, with representative soil samples I
obtained on a continuous basis or at the completion of each five-foot drive (dependi
project specifications). After the casing is seated at the required depth, the borehole
cleaned-out prior to obtaining'a soil sample. In soft or loose soils, stability of the bc
increased by keeping the casing filled with water or drilling fluids.

2.3.2 Driling Mud

Drilling mud is a fluid employed to stabilize an encased borehole, or to improve san
and minimize soil disturbance in cased holes. Drilling mud may be prepared from a
clay or from several commercially available products. Employing mud in a boring r
identification of the cuttings more difficult and hinders groundwater level observatic
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The use of drilling mud is typically avoided when conducting environmental investigations. The
use of drilling mud can reduce the permeability of the walls of the borehole, and therefore, lead
to erroneous water level measurements. Additionally, the use of muds introduces foreign
material to the subsurface environment which is not completely removed upon completion of the
boring. The results of chemical analyses conducted on soil samples from boreholes advanced
with drilling mud may not be representative of the natural (undisturbed) formation. Water
samples obtained from wells installed in these boreholes may contain contaminants or parameters
which were not originally present in the groundwater prior to the use of the drilling mud.

Under no circumstances, should drilling mud be prepared with local or on-site clays. If the use
of drilling mud is required to advance the boring, the mud should be prepared with commercially
available clays, and samples of the mud mixture should be analyzed for the contaminants of
concern.

The basic mud mixture employed in the drilling industry is bentonite and fresh water
(approximately 6 percent bentonite by weight: 50 pounds of bentonite per 100 gallons of water).
Attapulgite clay is commonly used and will mix with salt water to prevent flocculation. Weight
additives such as pulverized barite, hematite, galena, or other heavy minerals may be added to the
mixture to increase the specific gravity in troublesome soils or under artesian conditions. The
precise ingredients and their puoportions in the mixture must be recorded for future reference,
particularly when groundwater from wells installed in there borings is to be tested for dissolved
metals and pH. Attention must be given to the particular group of contaminants exceed to be
present in the groundwater beneath the site.

2.3.3 Hollow-stemmed Augers

Hollow-stemmed augers are advanced hydraulically into the overburden to the required sampling
depth. The auger acts as a casing during the advancement of the borehole. A removable center
plug allows passage of the sampling equipment (typically a split-spoon sampler) to the required
depth. Augers are usually in five-foot sections. Some disturbances of the sampling zone may be
created during the augering operation.

Drillers commonly dislike using the center plug and often attempt to complete the boring without
using one. However, the center plug should always be used to prevent soil from entering the
auger. If a center plug is not used, the split-spoon sampler may not be located at the desired
sampling depth due to the presence of soil inside the auger.

2.4 Borehole Cleaning

Thorough and careful cleaning of the borehole is mandatory for obtaining representative,
undisturbed samples. Careful measurement of tool length is required. The washing operation
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should not usually extend below the bottom of the casing (cohesive soils would be an exception).
Special bits that deflect the wash water outward or upward should be employed, and only enough
wash water should be pumped down the hole to bring the cuttings to the surface. Special
shielded auger cleanouts should be employed in cohesive soils prior to obtaining undisturbed
piston samples.

Where details of subsurface conditions are necessary, soil sampling shall be conducted using a
split-spoon penetration sampler, driven with a 140 pound hammer with a free-fall of 30 inches.
This is a standard method of soil sampling as described in ASTM Designation D 1586. If
necessary, the length of the hammer shaft will be measured and marked, to ensure a minimum
drop of 30 inches. This technique should be conducted as follows:

1. The split-spoon sampler (spoon) consists of a 2-inch (outside diameter) byl =3/8 inch
(inside diameter), 18-inch to 24-inch length, eat-treated, case-hardened steel head, split-
spoon, and shoe assembly. Split-spoon or split-tube samplers are the most enerally
accepted method for obtaining representative, undisturbed soil samples.(refer to Figure 1)

The head is vented to prevent pressure buildup during sampling and must be kept clean.
A steel ball watercheck valve is located in the head to prevent downward water pressure
from acting on the sample. Removal of the watercheck frequently causes sample loss.

2. The drive rods which connect the spoon to the drive head should have a stiffness equal to
or greater than that of the A-rod. In order to maintain only minimal rod deflection, on
exceptionally deep holes, it may be preferable to use N-rods. The size of the drive rods
must be kept constant throughout a specific exploration program, as the energy absorbed
by the rods will vary with the size and weight of the rod employed. This is most
important in geotechnical investigation

3. The drive head consists of a guide rod to give the drop hammer (140 pounds) free fall in
order to strike the anvil attached to the lower end of the assembly. The guide rod must be
at least 3.5 feet in length to insure the correct hammer drop.

4. The drop hammer used in determining SPT resistance must weigh 140 pounds and have a
2.5 inch diameter hole through the center, for passage of the drive head guide rod.

5. The hammer is raised with a rope activated by the drill rig cathead; no more than 2 turns
of the rope should be allowed on the cathead. A 30 inch hammer drop is mandatory for
proper SPT determination. Extreme care must be exercised to produce consistent results.

C
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Automatic trip hammers are commercially available which insure the 30 inch free-fall
drop. When presentation of the soil structure is critical (such as in liquefaction studies),
the automatic trip hammer should be employed.

6. Attach the split-spoon sampler to the drill rods and lower the assembly to the bottom of
the borehole.

Measure the drill rod stickup to determine if "eave" or "blow-up" of the stratum has
occurred. Note any penetration of the sampler into the stratum under the weight of the
rods. The 140 pound hammer is raised 30 inches above the drivehead anvil and then
allowed to free fall and strike the anvil. This procedure is repeated until the sampler has
penetrated the full length of the sampler (18 to 24 inches depending on the sampler) into
the stratum at the bottom of the borehole.

7. The number of blows of the hammer required for each 6 inch penetration is counted and
recorded on the test boring log. A penetration rate of 100 blows per foot is normally
considered "refusal"; however, this criterion may be varied depending upon the desired
information. The penetration resistance (N) is determined by adding the second and third
6 inch resistance blow counts together. When other sizes and types of sampling and drive
equipment are employed, ASTM reference tables may be used in converting the obtained
blow count to the accepted SPT value.

8. The sampler is then withdrawn from the borehole, preferably by pulling on the rope. If
the sampler is difficult to remove from the stratum, it may be necessary to remove it by
hitting the drive head upward with short, light hammer strokes. Remove the sampler
from the bottom of the borehole slowly to minimize disturbance. Keep the casing full of
water during the removal operation.

9. Careful measurement of all drilling tools, samplers, and casing must be exercised during
all phases of the test boring operations, to insure maximum quality and recovery of the
sample.

10. The split-spoon is opened and carefully examined, noting all soil characteristics, color
seam, disturbance, etc. A representative sample is selected and preserved in a screw-top,
glass jar and properly labeled. In the event that more than one soil type is encountered in
the split-spoon, each soil type should be preserved in a separate jar.

11. The supervising geologist/engineer shall record, at a minimum, the weight of the hammer,
the length of the split spoon sampler, and the number of hammer blows on the spoon per
6 inches of penetration. Upon removal of the sampler, the earth materials shall be logged
in accordance with TRC SOP No. 005, Soil Sample Description.
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When the number of blow counts exceeds 50 per 6 inches, the split spoon s
be terminated and the number of blow per tenths of foot (for the last one-h
be recorded and noted as sampler refusal.

12. If a sample is to be retained, a pre-cleaned stainless steel or teflon coaled sj
used to take the soil sample and fill the sample containers.

After the samples have been collected, and the borehole has been backfille
cement/bentonite or cement, the approximate location of the boring will be
an oak stake colored with highly visible spray paint The boring number w
written on the stake to identify the sample location for surveying purposes.

2.5 Logging Bedrock Cores

Rock Coring is a method to obtain bedrock samples for geologic classification, fac
performance of permeability tests, and install groundwater monitoring wells withir
formations.

The supervising geologistlengineer on a drilling program is responsible for logging
geologic and geotechnical information from rock cores.

There is no universal core barrel or drilling equipment for rock coring. The geolog
topographic conditions, in addition to the requirements of the project will dictate t
equipment to be employed on any specific project. The following factors lead to gi
production:

1. Insure a level and stable drilling platform before commencing boring.

2. Insure that the drill stem remains as nearly vertical as possible. On deep c6
alignment of the casing is critical. The driller may elect to use a heavy drill
instead of casing to support the borehole walls; this procedure is not accept
environmental investigations.

3.

4.

L99-375

1(

Upon encountering boring refusal at the soil/bedrock interface, the casing 'hould be
firmly seated on the rock and thoroughly washed out before inserting the diamond-bit
core barrel.

Inspect the selected core barrel and bit for wear, general cleanliness, and free movement
of all parts. Reject any core barrel or bit that appears unsatisfactory. Upon selecting a
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satisfactory core barrel and bit, mount the core barrel and bit assembly on the drilling rods
and lower it into the borehole until the bit touches the bedrock surface.

5. Pump drill fluid down the drill rods and observe a return flow before commencing
drilling operations.

6. Carefully measure all length of rods, core barrel, and stick-up through all phases of the
drilling to insure accurate depth determination.

7. The diamond-bit core barrel should be started in the hole and the rock drilled in
continuous 5-foot length intervals (runs) until the required depth is reached.

8. Drill with minimal vertical pressure and rotation. Most rigs are equipped with a selection
of gear ratios and a variable hydraulically-controlled feed mechanism. Driller expertise in
selecting the correct combination of speed and feed rate is invaluable.

9. Water return should be no more than what is just sufficient to bring the borehole cuttings
to the surface.

10. Record the drilling time per foot, type of bit, estimate of bit wear, drill rig R.P.M.,and
feed pressure.

11. Upon completing each 5 foot core run, the core barrel is spun and lifted to break the core
at the bottom of the run. After the ore is broken off it should be withdrawn, labeled, and
stored in an approved core box.(Refer to SOP # 5009) Cores should be carefully handled
to ensure their proper identification and placement in correct order. Care should be taken
to recover as large a percentage of unbroken core as possible.

12. Carefully place the rock core in the core box with wooden partitions so that the cores
from each boring will be kept separate. The core should always be placed in the core box
in book fashion with the top of the run at the upper left corner and the remaining core
placed sequentially from left to right and from the top left corner to the lower right
corner. Place a wooden partition at the beginning and end of each core run. The core
should fit snugly in the box so that it will not roll or slide and suffer additional breakage.
The wooden blocks should be labeled with the Run Number and depths of the beginning
and end if each run.

Each core box should only contain cores from a single boring. Never place the core from
more than one test boring in a core box. In addition, wherever core is lost due to the
presence of a cavity or large discontinuity (open or filled), a spacer should be placed in
the proper position tn the core box. The spacer should be labeled with the depth range
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and thickness of the missing core, and the reason for the missing core (e.g.,
joint, etc.).

13. Carefully examine and classify the rock, and measure the recovery and RQI
Record all information on the core boring report.

14. If 100% recovery was not obtained, sound the borehole to determine if the r.
still remains in the bottom of the borehole.

15. Always terminate each boring with 100% recovery, in order to insure that al
knowledge is available of there materials.

16. The core box should be marked on the top and two ends with the client's nai
identification, boring number, depth range, and box number.

17.

18.
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The core barrel and drilling tools must be steam-cleaned or washed upon cornpletion of
the bore hole to preclude cross contamination between successive bore holes.

Wash water used during the core drilling should not be re-circulated to the bore hole if
possible.

2.5.1 Wireline Drilling

The procedures for wireline drilling are also the same as for conventional rock cori
exception that the core barrel is designed so that the inner core barrel can be raised
without removing the entire drill string, outer core barrel, and bit. The drilling rig
equipped with a wireline hoist.

2.5.2 Oriented Core

If precise spatial orientation of rock bedding, foliation, and discontinuities are requ
recommended that the Christensen Diamond Products Series D-3, NWD-3 core bai
equivalent, be employed.

2.5.3 Shotcore Drilling

Shotcore drilling is usually employed to produce large-diameter rock core (2 to 6 f
The core is cut by the abrasive action of chilled steel shot fed to a rotating steel bit

procedures are as follows:

1. Lower the assembled shotcore barrel to the bedrock surface.
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2. Drop one or two handfuls of chilled shot down the center rod. Connect the bit to the
drilling spindle and slowly turn by hand with a pipe wrench. A "gritty" feeling indicates
that the shot is beneath the bit.

3. Lift the bit off the bottom and introduce the fresh water supply. When water return
appears at the surface, lower the bit to the bedrock surface.

4. Drill feed must be manual with only enough downward pressure to follow the bit. This is
an abrasive action and too much shot will wear the core barrel and too little will not core
the rock. Driller expertise and careful attention are absolutely critical in successful
shotcore drilling.

5. Regulate water flow so that it just allows the cuttings and slivers sf steel to be carried
over the top of the casing. Add additional shot as required.

6. A good flow of muddy slurry to the surface indicates that the rock is being drilled.

7. If water return is clear, but contains fine particles of steel, this is an indication that an
excess of shot has been used. Flush the hole and start again.

8. Record the drilling rate and reface the bit shoe after every withdrawal by squaring up the
face with a hammer.

9. To recover the core, a hard, uniformly-graded pea gravel is fed into the center rod as it is
slowly rotated so the gravel is "grouted" between the core and the core barrel, and the
entire unit is pulled to the surface. On occasion, it may be necessary to remove the core
barrel and drill a small diameter hole in the center of the core while it is still in the hole,
then drive a casing retriever into the core before retrieval is possible.

2.5.4 Preservatian of Rockcore

The following information shall be included in a rock core run log:

* The depth and length of the core run.
* The coring rate, down pressure, and torque and rotation speed. This information

can be obtained from the driller.
* The color of the'core wash water. Any changes, loss of return water, or gain of

return water will be noted.
* The recovery of the core run recorded as length of rock recovered over the length

of the core run.
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0 The Rock Quality Designation (RQD) of the run. RQD is reported as the sum of
inches of all naturally fractured rock core pieces larger than four inc es over the
total number of inches in the run. The length of the piece will be determined by
the distance between naturally occurring fractures.

* The rock type(s) and their location in the core run, rotating color, mineralogy,
texture, fossil content, effervescence in HCL, and any other data of geologic
significance.

* Any structure in the core, including fractures, clay seams, vugs, bedding, fissility,
and any other data of geologic or geotechnical significance.

Rock cores shall be stored in a core box in the exact sequence in which they were iemoved from
the ground. Core runs will be separated by wooden blocks clearly marked with the depth of the
run. The top of the core box shall be marked with the project name, location, project number,
boring number, and the depths of the core runs in that box. The front and one end of the core
box shall be marked with project name, boring number, and depths of the core runs in that box.
All core pieces shall be oriented in the box as they fit together. A black and white stripe shall be
drawn down the length of the core, so that core orientation can easily be determined.

2.6 Photographing Soil and Rock Samples from Borings

If soil samples are to be photographed this should occur while still in the split spoon. If smearing
of the sample has occurred, a fresh exposure can be made by scraping with a pen knife or other
similar object. The spoon and sample should be placed in a good light, preferably against a solid
colored background. A ruler for scale and a tag identifying the sample should be placed in the
picture. The identifier tag must have the sample number, depth and project name or number
.written so as to be legible in the photograph. Any photographs taken must be recorded in the
field logbook.

Rock core samples are photographed in the wooden core box. The rock should be wetted to
enhance the color and textural changes in the rock. Due to the relatively large size of most core
boxes, the photographer (when possible) should stand up on a chair, tail gate, car bumper or other
perch in order to photograph the box from directly above, and get the entire box inI the camera's
field of view. The photograph must include a ruler for scale and an identifier tag indicating the
project name and number, the boring number, the date, and the depths of the vano s core runs.

6
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TRC STANDARD OPERATING PROCEDURE NO. 007
TEST PIT LOGGING PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for completing and logging test pits during field investigations at hazardous and non-hazardous
waste sites. This procedure is consistent with "A Compendium of Superfund Field Operations
Methods (EPA/540/P-87/001)," and other pertinent technical publications.

1.1 Objectives

The objectives of completing test pits are to document subsurface conditions, investigate
anomalous magnetic readings, observe subsurface geology, identify the vertical extent of
contamination, confirm depth to bedrock, complete drum removal activity, conduct percolation
tests, obtain subsurface soil samples and identify potential subsurface conduits for ground water
flow and potential contaminant migration.

1.2 Equipment

The following list of equipment includes the necessary items to be used by TRC personnel during
the conduct of test pits. Subcontractor personnel typically provide and operate all excavation and
steam cleaning equipment. Site-specific conditions may warrant the use of additional or deletion
of items from this list.

* Electronic water level indicators;
* Measuring tape with weight (0.1 foot increments);
* Any necessary personal protective equipment (hardhat, gloves, eyewear, tyvek suits,

boots, etc);
* Air Monitoring instruments as required (Hnu, OVM, etc.);
* Field logbook;
* Test pit log sheets;
* Oil/water interface probe;
* Camera; and .
* Sampling materials (jars, bowls, spoons, etc.).

199-375.007.wpd
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2.0 PROCEDURES

The following procedures should be used during the conduct of test pitting. Proced
depending on the equipment used, excavation requirements, sampling strategy and c
present at the site. Site specific conditions may warrant the use of stringent air mor
personal protective equipment and potentially substantial access constraints. These
in the citp-s rific hea1th nnd safetv nn
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The scope of the investigation, objectives, potential contaminants, spoils pile
segregation and health and safety plan should be reviewed with all subcontractor
personnel prior to initiation of the test pitting activity. All intended hand signals to be
used during the excavation should be reviewed and understood between the personnel
directing the operation and the equipment operator. One individual will be designated
to direct the operator, and record the geology and observations. The second. individual
will conduct continuous air monitoring and recording, photography, and sample
collection, storage and documentation.

Initiate the excavation in approximate one to two foot loose lifts. Observations of visual
contamination, buried containers or potential conduits should be recorded and
operations suspended while photos and measurements to a location of interst within the
pit are made and recorded.

3. Once the excavation has been completed to the desired depth, the soil sho
as described in SOP No. 5. If samples from specific layers for geologic d
desired, the bucket should be used to gain samples from the edges of the r
desired location.

4. The dimensions of the final test pit should be measured and recorded. A
test pit and any unusual features should be completed on the test pit log sh
Photographs of at least one side of the pit or any features should be taken.
in the field logbook. The depth to water should be measured from a locati
of the pit at the original grade.

5. Locations within the pit desired for laboratory analysis should be obtained
bucket. Samples for volatile organic analysis should be filled immediate]
available material and additional aliquots withdrawn from the center of th
homogenized in a stainless steel bowl and placed in the required sample j
sample jars should be pre-labeled, wiped off, documented and stored..
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6. Backfill and return the excavated area to the original grade. Make certain the
subcontractor packs down the backfilled soil and does not leave any surface holes or
other hazards when completed.

7. Stake, label, and flag the test pit location for future reference or surveying.

8. If segregation of contaminated soil has occurred, the disposition of these soils should be
in accordance with the site-specific work plan and applicable guidance. Frequently
these are not backfilled into the original pit, but the pit is backfilled with DOT approved
fill. In addition, lining of the pit with polyethylene sheeting, mounding, covering of the
excavation, and surrounding the excavation with gravel to direct surface runoff away
may be required.

S
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iR C Project: Project No.: Date/Time: Sheet of

Contractor Personnel: TRO Personnel:
TeSt Pit Log

Equipment/Contractor Used: Location: Test Pit Number

Reach/Capacity: Total Depth: Plezometer Installed?
Yes No

Depth to Ground Water: Weather: Elevation:
lop of Pit

.12( Stratigraphic Description
al E E EMARKS:

8 z

TEST PIT PLAN PROPORTIONS GRAIN SiZE
USED Boulder 3.203 mm 3.8 in.

Cobble 76 - 203 m 3 - 8 in.
Trace (TR). 0 - 10% C. Gravel 19 - 76 mm 3/4 - 3 In.
Little (U.) 10 - 20% F. Gravel 4.75-19 mim 3/16 - 3/4 In.- -Some (SO.) 20-35%1

C. Sand 2.0-4.75 mm 5/64 -316 In.

M. Sand 0.4 - 2.0 mm 1/64- 5/64 in.
North F. Sand 0.075 - 0.4 mm

VoL= cu. yd. Silt 0.002 -0.075 mm
Clay 0.002 mm

I Rev: 30 May 1991
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TRC STANDARD OPERATING PROCEDURE NO. 008
IN-SITU PERMEABILITY (SLUG) TESTS

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in in-situ
permeability (slug) testing activities. This SOP details equipment and testing procedures for
monitoring wells screened above and below the water table in high or low permeability confined
or unconfined aquifers. This SOP conforms to "A Compendium of Superfund Field Operations
Methods (EPA/540/P-87/00 1)," the RCRA Ground Water Monitoring Draft Technical Guidance
(EPA/530-R-93-001), and other pertinent technical publications.

1.1 Objective

The objective of slug testing is to obtain an order of magnitude estimate of aquifer hydraulic
conductivity in the immediate vicinity of the tested well. This objective requires knowledge of
aquifer geology and well geometry, as well as the collection of sufficient test data to allow
estimation of aquifer hydraulic characteristics.

2.0 PROCEDURES

Equipment and procedures for conducting three types of slug tests are described below,
including:

* rising or fatling head tests in wells screened below the water table;
* rising head tests in wells screened across the water table; and
* pneumatic rising head tests in highly transmissive sand and gravel aquifers.

2.1 Rising or Falling Head Tests

2.1.1 Equipment

The following equipment are necessary to perform a rising or falling head slug test in a
monitoring well. Site specific conditions may. warrant the use of additional equipment.

* Water level measuring device
* Bailer
* Slug bar
* Rope or wire
* Slug test data form

L99-375.008
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Field logbook
Electronic data logger
Pressure transducer and conductor cable
Stop watch or watch with a built-in timer
Duct tape
Well completion diagrams

SOP No. 008
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The slug bar may be constructed of solid or hollow plastic, such as PVC or metal sdch as
aluminum or steel (depending upon the chemical environment in the well). If hollow, the slug
bar will be filled with silica sand or other inert material to add weight. The slug bar should be of
sufficient size to cause a minimum of two feet of displacement in a well. For a two -inch
diameter well, the slug bar should be no more than 1.5 inches in diameter and a minimum of 3.6
feet long. For a four-inch diameter well, the slug bar should be no more than 3 inches in
diameter and a minimum of 3.6 feet long. The slug bar should be securely fastened to a nylon
rope or wire.

A standard sampling or well development bailer may be used in place of the slug bar, as long as
the volume of water displaced by the bailer will be sufficient to change the water level in the well
a minimum of two feet. If the bailer is to be used for a falling head test, it should be filled with
analyte-free water so that the bailer will not have any buoyancy.

2.1.2 Falling-Head Test Procedure

The following procedure should be utilized for conducting a falling head slug test.
should not be performed in any well where the screen extends above the water tab]

The test

1. Note the physical condition of the well, including damage, deteriori
of tampering.

2. Open the well cap. Note any unusual odors, sounds, or difficulties
well. Record organic vapor reading with a suitable organic vapor s
device.

3. Lower a decontaminated water level measuring device into the wel.
the static water level.

4. Measure the depth to the bottom of the well and the inside diameter
casing.
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5. If using a pressure transducer connected to a data logger, lower the pressure
transducer into the well to a sufficient depth in the well so that the transducer will
be below the maximum depth reached by the' slug bar.

6. Secure the pressure transducer to the side of the well using duct tape. The
transducer cable should lie flat along the side of the well riser, so that disturbance
by the slug bar will be minimized. Do not bend the transducer cable or a kink will
develop in the cable that will cut off the pressure equalization vent tube in the
cable, which will prevent the transducer from operating.

7. Allow the pressure transducer to temperature equilibrate a minimum of 15
minutes before connecting it to the data logger and starting the test.

8. Allow the water level in the well to recover to static level after emplacement of
the pressure transducer, prior to starting the test.

9. Determine the distance from the top of the well riser to the water surface in the
well and add one foot to this length. The resulting length is the amount of wire or
rope needed so that the slug bar or bailer will be submerged a minimum of one
foot when it is placed in the well. A loop should be placed in the rope or wire at
this length and a strong metal rod or wooden stick placed and secured through the
loop. If the bottom of the well is less than this length added to the length of the
slug bar or bailer, the length of the rope or wire should be adjusted so that the slug
bar will be no less than one foot above the top of the pressure transducer when the
bar is dropped in the well.

10. If using a data logger, program it to record logarithmically, with a maximum time
interval of no more than one minute between readings. Set the data logger to
record relative change in head only, not absolute head.

11. If depth readings are to be recorded manually (this procedure is recommended
only in aquifers suspected of having low hydraulic conductivity, less than 5 feet
per day), readings should be taken every 10 seconds for the first minute of the test,
every 30 seconds for the first 5 minutes and every minute until 10 minutes.
Thereafter, readings may be taken every 5 minutes for the duration of the test. If
the well has not recovered within one hour, readings may be taken every 0.5 hour
until six hours and at one hour intervals thereafter. This process will require two
people during the first 10 minutes of the test, a person to act as time keeper/data
recorder and a person to measure depth to water.
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12. Place the slug or bailer in the well until the bottom of the displaceme
no more than 6 inches above the water level in the well. The person
device should be holding the rope or wire by the rod or stick.

13. To start the test, the person holding the slug bar will signal the persoi
the data logger and rapidly lower the device into the well until the sti
resting on the well riser. The slug bar should not be dropped. The d
started as soon as the slug bar is lowered.

14.

15.

16.

SOP No. 008
Version 2.0

:>ber 15, 1999
Page 4 of 9

it device is
holding the

rn operating
ck or rod is
ata logger is

The test will be run until the well has recovered to 90 percent of static water level.
If 90 percent recovery has not occurred within 12 hours, the test may be stopped.
Field conditions and time constraints may warrant stopping the test in less than 12
hours.

All equipment (pressure transducer and cable, water level measurement device
and slug bar or bailer) shall be decontaminated before repeating the test in another
well.

Download the data logger to a computer or to hard copy to ensure that the data is
not inadvertently lost. If the data were recorded manually, calculate the relative
change in head by subtracting the recorded depths to water from initial static
water level and record the absolute value of that change, for each tiIne-depth data
pair.

2.1.3 Rising-Head Test Procedure

The following procedure should be utilized for conducting a rising head slug test. Note, the test
may be started after completion of a falling head test in a well screened below the 4 ater table
(described in Section 2.1.2). The steps are essentially the same as those for a falling head test,
except that the test is started only after a displacement device has been placed in the well and the
water level in the well has recovered back to static conditions.

1. Note the physical condition of the well, including damage, deterior
of tampering.

ition, and signs

noc te poeclLLtc V tI e1 w .

Open the well cap. Note any unusual odors, sounds, or difficulties in opening the
well. Record organic vapor reading with a suitable organic vapor screemng
device.
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4. Lower a decontaminated water level measuring device into the well to determine
the static water level.

5. Measure the depth to the bottom of the well and the inside diameter of the well
casing.

6. If using a pressure transducer connected to a data logger, lower the pressure
transducer into the well to a sufficient depth in the well so that the transducer will
be below the maximum depth reached by the slug bar.

7. Secure the pressure transducer to the side of the well using duct tape. The
transducer cable should lie flat along the side of the well riser, so that disturbance
by the slug bar will be minimized. Do not bend the transducer cable or a kink will
develop in the cable that will cut off the pressure equalization vent tube in the
cable, which will prevent the transducer from operating.

8. Allow the pressure transducer to temperature equilibrate a minimum of 15
minutes before connecting it to the data logger and starting the test.

9. Allow the water level in the well to recover to static level after emplacement of
the pressure transducer, prior to starting the test.

10. Determine the distance from the top of the well riser to the water surface in the
well and add one foot to this length. The resulting length is the amount of wire or
rope needed so that the slug bar or bailer will be submerged a minimum of one
foot when it is placed in the well. A loop should be placed in the rope or wire at
this length and a strong metal rod or wooden stick placed and secured through the
loop. If the bottom of the well is less than this length added to the length of the
slug bar or bailer, the length of the rope or wire should be adjusted so that the slug
bar will be no less than one foot above the top of the pressure transducer when the
bar is placed in the well.

11. Lower slug into well.

12. If using a data logger, program it to record logarithmically, with a maximum time
interval of no more than one minute between readings. Set the data logger to
record relative change in head only, not absolute head.

13. If depth readings are to be recorded manually (this procedure is recommended
only in aquifers suspected of having low hydraulic conductivity, less than 5 feet
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per day), readings should be taken every 10 seconds for the first minuIe of the test,
every 30 seconds for the first 5 minutes and every minute until 10 minutes.
Thereafter, readings may be taken every 5 minutes for the duration od the test. If
the well has not recovered within one hour, readings may be taken every 0.5 hour
until six hours and one hour thereafter. This process will require twoI personnel
during the first 10 minutes of the test, a person to act as time keeper/data recorder
and a person to measure depth to water.

To start the test, the person holding the rope or wire attached to the slug bar will
signal the person operating the data logger and rapidly remove the device from the
well. The slug bar should be removed rapidly but smoothly so that 4 ater sloshing
in the well is minimized. The data logger is started as the slug bar is removed.

15. The test will be run until the well has recovered to 90 percent of static water level.
If 90 percent recovery has not occurred within 12 hours, the test may be stopped.
Field conditions and time constraints may warrant stopping the test in less than 12
hours.

2.2 Pneumatic Rising Head Tests

2.2.1 Equipment

The following equipment should be utilized when conducting a pneumatic rising head slug test.
Site specific conditions may warrant the use of additional equipment.

* Water level measuring device
* Slug test data sheet
* Field logbook
* Electronic data logger
* Pressure transducer(s) and conductor cable
* Stop watch or watch with a built-in timer
* Duct tape
* Pressure tight "tree" assembly
a Short length (6-inches) of flexible rubber hose whose inside diameter is the same

as the outside diameter of the well riser
* Two 2- or 4-inch diameter hose clamps
& Compressor or compressed air tank with hose and appropriate adapters

The pressure-tight "tree" assembly is a device placed on the top of the well that will. accomplish
the following:
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* form a pressure seal between the well and the atmosphere;
* allow the injection of compressed air into the well via an air hose connected to a

compressor or compressed air tank;
* provide a pressure-tight passage for a pressure transducer cable and a water level

meter; and
* allow for rapid well depressurization.

The tree is illustrated in Figure 2.2.1-1. If the top of the riser is threaded, the device may be
screwed onto the riser, if the threads are wrapped with teflon tape. If the threaded end of the riser
has been cut off, a slip coupling will need to be placed over the base of the tree and the top of the
riser. A small length of flexible rubber hose the same inside diameter as the outside diameter of
the coupling will be slipped over the coupling and secured in place with tightly closed hose
clamps to form a pressure tight seal between the riser and the well.

The simplest method for providing access for the pressure transducer cable and the water level
meter is to use a standard large diameter laboratory black rubber cork with a hole through the
cork's axis that has been slit half way through along that axis, as illustrated in Figure 2.2.1-1.
The cork can be firmly placed into the top of the tree to form a pressure tight seal.

The tree will have a standard ball valve with an inside valve orifice diameter no less than the
diameter of the well riser as shown in Figure 2.2.1-1. In addition, a standard swage-lock fitting
or quick-connect coupling will be attached to the side of the tree to act as a compressed air inlet

port.

2.2.2 Procedure

The following procedure should be used for conducting a pneumatic rising head slug test. The
test may not be run in any well screened across the water table.

1. Note the physical condition of the well, including damage, deterioration, and signs of
tampering.

2. Unlock the protective cap on the well.

3. Open the well cap. Note any unusual odors, sounds, or difficulties in opening the well.
Record organic vapor reading with a suitable organic vapor screening device.

4. Check for any holes in the side of the riser. The test cannot be conducted in any well that
is not air tight.
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6. Measure the depth to the bottom of the well and the inside diameter of the ivell casing.

7. Install the test tree to the top of the well, either by screwing it in to existing threads or by
using a slip coupling adapter. Make sure the seal to the riser head is pressure tight.

8. Lower the pressure transducer into the well through the top of the tree to at least 10 feet
below the water table. The pressure transducer should be rated no less than 30 pounds
per square inch.

9. Allow the pressure transducer to temperature equilibrate a minimum of 15 minutes before
connecting it to the data logger and starting the test.

10. Turn on and lower the water level indicator into the well through the top of the tree to
five (5) feet below the water table. If the water table is less than five feet fom the top of
the well screen, place the indicator no less than two feet above the screen. 'Tum off the
indicator.

11. Secure the transducer cable and the water level meter and tape in place to the top of the
tree with the cork described in Section 2.2.1. Insert the transducer cable into the hole in
the rubber lab cork via the slit and place the water level indicator tape flat in the slit.
Place the cork firmly in the top of the tree so that no gaps are left in the cork. Place small
strips of duct tape over the assembly to ensure that the seal is air tight. During this
procedure, do not bend the transducer cable or a kink will develop in the etble that will
cut off the pressure equalization vent tube in the cable. Such kinks will prevent the
transducer from operating.

12. Connect the pressure transducer to the data logger and program the data logger to record
logarithmically, with a maximum time interval of no more than one minute between
readings. Set the data logger to record relative change in head only, not absolute head.

13. Connect the air hose to the compressed air supply or compressor and the tree. Make sum
the ball valve is securely closed.

14. Turn on the water level indicator and start feeding compressed air in to the: well. When
the water level in the well has been depressed sufficiently, the water level indicator
submergence tone will stop sounding.
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15. Open the ball valve and activate the data logger simultaneously. The ball valve should be
opened as quickly as possible.

16. In highly permeable aquifers the water level in the well should recover to pre-test static
water levels within a few seconds. Full recovery should be accomplished in no more than
one minute. If the data logger is the type that cannot be read until the test has run at least
ten minutes, do not stop the test until a minimum of 90 percent recovery can be
confirmed by interrogating the data logger.

17. All equipment (pressure transducer and cable, water level measurement device and
displacement device) should be decontaminated before repeating the test in another well.

18. Download the data logger to a computer or to hard copy to ensure that the data is not
inadvertently lost.

19. Complete the TRC slug test data sheet (attached) with all pertinent data.
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T R C . Project: Project No.: Dae/Time: Se o

Slug Test Data Sheet Contractor Personnel: TRC Persennel:

Well No.: Weather:

WELL DATA: AQUIFER INFORMATION:
(attach well construction form and well log if available)

Well Diameter: Aquifer Material:
Filter Pack Diameter:
(same as augeridrive casing diameter)

Depth to Water: Conine: - Uncnfied: Perhe

From Top of: _Riser Ground.

Depth to Top of Screen:

Depth to Bottom of Screen:

Screen Slot Size:

SLUG TEST METHOD TEST DATA

Withdrawal: Volume: Time Stared:

Addition: Volume: Time Completed:

Slug Bar: Dimensions: I_ W__ Elapsed Time:

Bailer: Dimensions: L__ W ' Water Level at Test Completion:

Calculate Volume of Slug Bar/Bailer: Comments:

TEST MEASUREMENT INFORMATION

Recording Method:

Transducer SIze (ex 10 psi):

Transducer Depth:

Dat. Logger Model:

Data Logger Test Number

Recording Type: Linear Log

Maximum Time Step:

Obtain Field Print of Data? Y - N

(Note: allow time for water level to equilibrate
once transducer has been Introduced)

U-O1F Rev SoMay 1991-
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TRC STANDARD OPERATING PROCEDURE NO. 009
GROUND WATER MONITORING WELL INSTALLATION

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the
construction, installation, and development of ground water monitoring wells. The SOP
conforms to "A Compendium of Superfund Field Operations Methods (EPA/540/P-87/001)," and
other pertinent technical publications.

1.1 Objective

The objective of a ground water monitoring well is to collect representative ground water
samples and obtain information on aquifer hydraulic head. A secondary objective is to obtain
aquifer hydrologic data from the well. These objectives require that the well be installed and
developed using suitable materials, equipment, and procedures.

2.0 PROCEDURES

2.1 Preparation

Prior to the initiation of field work the project manager, field hydrogeologist, or field technical
lead (site manager) will secure the services of a qualified drilling contractor. A contract between
TRC and the drilling contractor will be executed before mobilization. The drilling contractor
must meet the following requirements:

* have the appropriate .icenses and registrations;

* have the proper equipment available to perform the type of drilling required; and

* have personnel who are OSHA-trained to work on hazardous waste sites and are willing to
participate in the appropriate medical monitoring for the site.

Before the start of field tasks, the field hydrogeologist or field technical lead is responsible for
coordinating the following items with the drilling contractor personnel.

* familiarizing the contractor with the objectives of the investigation.
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0

providing and reviewing of a copy of the project work plan with the contracto;

* providing and reviewing of a copy of the project health and safety plan with t
and

* performing a daily health and safety review with the contractor.

Compliance with all state and federal requirements is required prior to the installati
monitoring wells. The field hydrogeologist or project manager is responsible for ol
required permits. These permits may include, but are not limited to the following:

* notification and approval to drill/install a monitoring well;

* registration of the well;

* permit for water withdrawals;

* well abandonment when the project is completed; and

* State specified dig-safe permits.

2.2 Materials

In general, all well materials (other than filter sand, seals, and grout) will be cleane
pressure, hot water wash, rinsed with deionized water, and sealed in plastic bags.
Decontamination and bagging can be conducted by the manufacturer, prior to deliv
Alternatively, the contractor or TRC may decontaminate the materials at an off-site
deliver them to the site in a protective wrap.

2.2.1 Well Screens

e contractor;

:n of
taining all

with a high

:ry to the site.
location and

Monitoring well screens will typically consist of two-inch diameter, flush-threaded, schedule 40,
polyvinyl chloride (PVC), machine-cut slotted screen. Other materials or sizes ma be specified
in the work plan as required by site conditions or local regulations. If the well is to be used for
in-situ hydraulic conductivity testing as well as ground water sampling, wire-wrap type screen
construction is recommended over machine-slotted screen, to increase screen open area and
ensure that the screen does not inhibit the flow of water into or out of the well. The screen slot
size should be selected to retain a minimum of 90 percent of the filter pack material.
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2.2.2 Riser and End Caps

Monitoring well riser and end caps will consist of two-inch diameter, flush-threaded, schedule
40, poly vinyl chloride (PVC). Other materials or sizes may be specified in the work plan as
required by site conditions or local regulations. The top cap will have a small hole drilled through
it to allow the passage of air, unless the well is to be installed at ground level. In that case, the
top of the well shall be sealed with an expansion cap, to prevent the inflow of runoff into the
well.

2.2.3 Filter Pack

A filter pack will be required in any formation other than coarse sand and gravels containing less
than ten percent fines (silts and clays) by weight. In such formations, the use of an artificial sand
pack may be optional. The purpose of the filter pack is to inhibit the flow of fines into the well
screen, allowing production of ground water optimal for ground water quality analyses.

Where an artificial filter pack is required the filter material shall be composed of a washed,
graded, commercially-produced silica sand. The uniformity coefficient (Cj of the filter pack
will be no less than one and no more than two, to prevent segregation of the filter material when
it is installed in the well. The grain size of the filter pack shall be no less than 3 and no more
than 6 times the D30 (passing) of the finest geologic unit in which the well is to be screened. A
multiplier of 3 shall be used if the formation is fine and uniform and 6 if the formation is coarse
and non-uniform. The D3, grain size of the formation should be determined by laboratory sieve
grain-size analysis. If laboratory grain-size analysis cannot be performed, a variety of sand packs
should be available, based upon known geological information of the site. Based upon field
estimates of grain size distribution, a sand pack will be selected that matches the above criteria.

2.2.4 Seal

The seal will consist of bentonite clay pellets, chips, donut or slurry, sufficient to form a two foot
thick seal above the filter pack. The selection of the form of bentonite clay will depend upon the
project budget, location of the top of the filter pack relative to the water table. The seal will be
hydrated with potable analyte-free water.

2.2.5 Grout

The annular space above the bentonite seal and the ground surface shall be grouted with a
mixture of 95 percent Portland concrete or equivalent, and 5 percent bentonite grout, mixed with
potable water to the specifications of the concrete manufacturer.
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2.2.6 Surface Protective Casing

The surface casing shall consist of galvanized steel or steel coated-with a rust-proo
The surface casing shall have a hinged cap with provision for a lock. The base of t

the point where it shall extend above the concrete pad, shall have a small weep hol

through the casing to prevent the build-up of precipitation or ice between the steel
well riser.

2.3 Monitoring Well Installation

Boreholes to be completed as monitoring wells will be advanced and logged in acc
TRC SOPs No. 005 (Soil Description Procedure) and No. 006 (Soil Boring Loggin

Equipment used to advance the boring and install the monitoring well will be deco
prior to the start of the boring using the procedures in SOP No. 004. All well mate

not appear to be factory cleaned and sealed or those that have become open during
the site will be steam cleaned prior to use at the site.

2.3.1 Procedures

Monitoring wells will be installed by the drilling subcontractor under the direction
TRC geologist or engineer. Monitoring wells will be installed using the following
procedures which may be dependent on the site specific requirements.

1. The construction details of the well to be installed will be provided to the dii
well material, screen length, slot size, riser length, depth of the well, sandpac
seal, grouting requirements, and surface well completion.

2. All well materials will be inspected to ensure that they are clean prior to inst

3. Sections of screen and riser will be threaded together and lowered into the be

Centralizers may be used in deeper wells to ensure proper well placement wi
borehole.

4. The selected well packing materials will be introduced into the annulus in a i
ensure an adequate well pack and seal. The thickness of each layer of well p
will be measured with a weighted string and recorded. All augers or casing N
removed sequentially during sand pack installation and the well will remaina
depth during auger or casing withdrawal.
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5. The bentonite seal installation technique will vary with the depth of the water table. The
appropriate type of bentonite (pellets, chips, or slurry) will be selected to suit the objectives
of the installation program. In general, the seal will be installed above the sandpack so that
a thickness of two to three feet is installed. Bentonite seals in shallow wells installed
across the water table will be hydrated and allowed to swell prior to the emplacement of a
cement-bentonite grout mixture.

6. A cement-bentonite grout will be emplaced to fill the annulus of the boring. Dependent on
the depth of the well and water table, the grout may be tremied into the desired location.
The grout mixture (percentage of cement to bentonite) will be recorded and will be in
accordance with the work plan or recommended guidance and Section 2.2.5 of this SOP.
The grout will be pumped into the boring around the well materials to the surface. If
necessary, after solidification of the grout and settling occurs, the grout may need to be
topped of with additional grout mixture. The need for additional grout will be based on the
intended surface completion for the well.

7. Depending on the location of the well, flush mounted road boxes or steel protective casings
with locking cap will be recommended and cemented in place as described in Section 2.2.6
above. Once completed, the well will be locked and allowed to settle prior to well
development.

8. All information concerning the well installation details will be recorded on a TRC Well
Construction Diagram.
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"n'A Monitoring Well Construction Summary
I

Project: No.: Reference Elevation:

Client: Date Completed: Elev. Ground Surlace:

Location: Depth to Ground Water:

Boring Contractor: Method: Development Date:

TRC Geologist: Development Method:

I

Ground

.4

'Co- Elevation top of protective casing:
Elevation of top riser pipe:

Stick-up of protective casing:

Stick-up of riser pipe:
-o- Type of surface seal:

l.D. of protective casing:
Type of protective casing:

Depth bottom of protective casing

Riser pipe I.D.
Type of riser pipe: -

Borehole diameter:
Type of backfill:

-*- Elevation/depth top of seal:

Type and thickness of seal:

Depth top of filter pack:

Elevation/Depth top of screen:

Type of screen:

Slot size:
l.D. of screen

Type of filter/sand pack:

Elevation/depth bottom of screen:
Elevation/depth bottom of well:
Elevation/depth bottom of fiter pack:
Type of backfill below observation well: _

Elevation/depth of borehole:
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TRC STANDARD OPERATING PROCEDURE NO. -010
GROUND WATER MONITORING WELL DEVELOPMENT

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the
development of ground water monitoring wells. The SOP conforms to "A Compendium of
Superfund Field Operations Methods (EPA/540/P-87/000 1)," and other pertinent technical
publications.

1.1 Objectives

Monitoring well development is completed in order to establish a good hydraulic connection
between the well screen and the surrounding aquifer, settle the sandpack and formation from
drilling, and removal of the fine particles (silt) from the water column and sandpack in order to
obtain ground water samples that are representative of the aquifer in which the well is installed.

2.0 PROCEDURE

2.1 Equipment

The complete list of required equipment is presented below. Site specific conditions may
warrant the addition or deletion of some equipment.

* Watterra system
* Centrifugal pump and hosing
* pH Meter
* Conductivity meter
* Turbidity meter
* Plastic beaker or jar
* Bailer and cord
* Field logbook
* Well development logsheet
* Large capacity DOT-approved containers (if required)
* Two, five-gallon buckets
* Deionized water spray bottle
* Surge-block
S Submersible pump
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2.2 Procedures

Well development will be completed on monitoring wells after the grout, annular s
protective casings are stable (i.e., 48 hours after installation).

1.

SOP No. 010
Version 2.0

tober 13, 1999
Page 2 of 3

-:als, and

Consult the monitoring well completion diagram and boring logs to deteriine the well
construction geometry (depth and length of screen), air monitoring results? material
screened, and depth to water. If potable water has been used during well installation,
the estimated amount of water lost to the formation during the drilling process should be
removed prior to the initiation of well development to ensure the removal of fresh
formation water during the development process.

2. Select the appropriate device and tubing to complete development. The a
selected should be capable of surging the entire length of the well screen
equipped with enough discharge tubing and water withdrawal capability t
well evacuation to the surface and into containers if required.

3. Measure the static water level in the well using SOP No. 012, and determ
of standing water in the well (well volume). Record the air readings, wati
calculated single well volume.

4. Using the appropriate length of dedicated or decontaminated hosing/tubin
selected pumping apparatus, insert the equipment into the well.

5. Initiate water removal from the well and record the initial field water qua]
measurements of pH, temperature, conductivity, and turbidity on the welli
form. Record any odors, water color, increases in air monitoring results a
observations in the field log book or on the well development form.

pparatus
and be
o complete

ne the amount
er level, and

g and the

:ity
development
r other

6. Continue to evacuate the well while surging the water in the well screen i'nto and out of
the sandpack. Using a plastic beaker or jar to collect purged water, conduct and record
the field water quality parameters as in No. 5 above with each successive well volume
as well as any additional observations. Rinse measurements probes with deionized
water between successive measurements and rinse with the purged water prior to the
measurement of each well volume. Water should be withdrawn from the well until
three (3) successive measurements of field water quality measurements vary by less than
ten (10) percent of the instrument's scale. During this procedure, the water clarity and
turbidity should be closely monitored. Typically, following initially turbid results,
turbidity values will decrease with the removal of subsequent well volumes; however,
stabilization of the turbidity values in silty aquifers may be difficult. Well development
should proceed until turbidity values have stabilized to within ten (10) percent.
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7. Once all the development criteria have been satisfied, remove the apparatus from the
well and complete decontamination of the apparatus and probes using SOP No. 004.
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Field Data Record
Well Development

DateMme: Sheet of

TRC Personnel:

Well Identification: I
WELL INTEGRITY

Protect. Casing Secure
Concrete Collar Intact
PVC Stick-up Intact
Well Cap Present
Security Lock Present

PID SCREENING MEAS.

Background

Well Mouth|

Protective
YES NO Casing Stick-up _ ft.

(from ground)

Riser Stick-up
(from ground) f.

WELL DIAMETER 2 Inch

_ _4 Inch

WELL MATERIAL

PVC SS -

Well
Depth _ ft

Water
Depth _ ft.

top
topi

Height of
Water Column __ ft .A

Volume of Water in Well =

[Vol. = r2 h(0.163)j
I -.

f riser measured
o casing historical

.16 gal/ft (2 In.)
.65 gallft (4 In.)
1.5 gallft (6 In.)
_ Jgal/ft L_ in-)

gallon(s)

Total gallons
to purge

FIELD WATER QUALITY MEASUREMENTS

Purge Volume (gal)

pH (Std. Units)

Eh (millivolts)

Temp. (C)

Turb. (NFU) __- _____

DO (mg/I)

Purge Volume (gal)________ ___ ___

pH (Std. Units)

Eh (millivolts)

Conduct (pmhos/cm)

Temp. (C)

Turb. (NTU)-

DO (mg/1)

EQUIPMENT PURGE SAMPLE EQUIPMENT ID DECON. FLUID USED

Peristaltic Pump
Submersible Pump ___ _ Wacno

Bailer W
Waterra _-HNO3 (1 or10%)
PVC/Silicon Tubing frap Water
Teflon/Silicon Tubing DESCRIPTION OF DECON. PROC. Methanol
Air Lift Ilexane
In-line Filter Acetone
Pressure Vacuum Filter 11"r Dry
Measuring Tape VT Water

"tir Dry
None

Rev 8 July19)1Signed:

a--
qw
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TRC STANDARD OPERATING PROCEDURE NO. 011
GENERAL PUMPING-TEST PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
and general procedures for conducting pumping tests in monitoring wells.

1.1 Objective

The objectives of pumping tests include identifying aquifer properties of recharge, drawdown,
storativity, transmissivity, specific and sustained yield, and aquifer boundaries. Knowledge of
these aspects are essential aids in the understanding of aquifer characteristics for the
configuration of remediation or ground water supply systems.

1.2 Equipment

The following equipment may be used during the conduct of an aquifer pumping test. Site-
specific conditions may warrant addition to, or deletion of items from this list.

* Field logbook or pump test log
* Water level indicators
* Pressure transducers
* Data logging equipment
* Field printer
* Lap-top computer
* Duct tape
* Alconox, liquinox, or other non-phosphate concentrated laboratory grade soap
* Deionized Water
* Submersible pump with flow regulator and foot valve
* Generator
* Heavy duty extension cords
* Polyethylene sheeting
* Large capacity barrels (alternately holding tanks); frac tanks will be onsite
* Necessary personal protective equipment (gloves, eyewear, tyvek suits)
* Portable radios
* Well completion logsS Well keys-
* Flow meter/graduated bucket
* Stopwatch

L99-375.o11
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2.0 PROCEDURES

The following general procedures should be used for conducting a pumping test. Alterations of
these general procedures may be necessary in order to accommodate site specific conditions and
data requirements.

Aquifer pumping tests should follow the set-up procedures listed below in order to consistently
record the desired data as accurately as possible.

1. Determine the appropriate lengths of transducer cables based on the distances from
pumping to observation wells. Based on the well geometries, determine the appropriate
pressure-rated transducer, number of logging channels needed, required pump hosing
length, pump capacity and type, minimum and maximum anticipated pumping rates.
Identify the test control location and create a pre-test schematic of where the wells are,
depth of transducer and pump settings, where the water will be discharged or containerized,
and how the test can be implemented efficiently before going into the field.

2. Conduct decontamination of all downhole test equipment and wrap all equipment in
polyethylene sheeting or bags. These should be dedicated and labeled for th intended
wells.

3. Following any required air monitoring, measure water levels in all of the we lls to be
monitored during the test. Record the water levels in the logbook or on the pump test log.
It is recommended that the water levels be monitored for a period of time prior to the test to
identify any trends of rising or falling water levels due to nearby supply wells, tidal
influence or surface water bodies.

4. Set and secure the pump in the pumping well at the planned depth and allow for
stabilization of the displaced water level caused by insertion. The generator] should be
filled with gasoline at a remote down-wind location and extension cord run to this location.
Record the pump depth in the logbook or on the pump test log. Monitor the water level in
the pumping well to ensure that static levels are attained.

5. Secure the transducers with duct tape in the desired wells at the planned depths as
identified in the pre-test schematic. Set all transducers in the wells for a minimum of two
hours to allow for adaption to ground water temperature and cable stretch. The transducer
in the pumping well should be set above the pump. Run all of the transducer cables to the
test control location and connect them to the data logger in the desired channel(s). Record
the transducer depths in the logbook or on the pump test log.

6. While the transducers are becoming stable, programming of the data logger, for each
channel should be completed with the specific parameters for each transducer. Scale

L99-375.011
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factors, linearity, offset, well ID, reference level, and type of reading (surface or top of
casing) should be selected. These parameters are specific to each transducer and data
logger and are usually clearly identified on the wheel and cable for each transducer.

7. The data logger should be programmed to collect readings at the desired interval(s) for the
entire duration of the test including recovery. The test should be programmed to allow for
logging of water levels during the drawdown and recovery stages using the logarithmic
option recommended with most data loggers. The actual log scale can also be modified to
suit the needs of the test if desired. The data logger should be programmed to start prior to
initiation of pumping the well. Record the programmed duration in the logbook or on the
pump test log.

8. Once the test equipment is ready, the entries, well IDs, and parameters for each channel
should then be double checked for accuracy. The connections to all channels should be
checked by communication with each individual transducer.

9. The startup of the pump should be synchronized with the logging of water level data. The
rate of pumping should be set at the desired rate. The rate should be stabilized as quickly
as possible to promote accurate data analysis. Direct the discharge to the appropriate
containers, if required, or to a location outside of the anticipated cone of influence. The
pumping rate should be measured and recorded routinely during initial pumping to confirm
that the rate is stable. All adjustments to the rate should be recorded. Record the actual
start time and pumping rate of the test in the logbook or on the test log.

10. Monitor the channels of the data logger to read the transducers. Look for drawdown in the
pumping well to confirm operation. Monitor the transducers in the observation 'wells to
confirm their operation. Manual measurement of the water levels should be performed
periodically to confirm the accuracy of the transducer data.

I1 Increase pumping rates at the required frequency.

12. If a recovery test also planned, shut down the pump, record the time and allow the water
level in the pumping well to recover to 90 percent of static levels while the transducer and
data logger collect the recovery data.

13. Once the test is completed, remove, and decontaminate all downhole equipment.

L99-375.011



TRC
Pump Test Data Sheet

Project: 
Project No.: Date/Time: 

J Sheet ___of

Contractor Personn

Weather:

Well No.: Pumping Well
Observation Well

Distance from Pumping Well: -

DISCHARGE INFORMATION:

Well Discharge Rate:

Discharge Rate Measurement Method:

Was rate checked throughout test Y N

if yes, note variations:

DRAWDOWN MEASUREMENT INFORMATION:

Recording Method:

Transducer Size (ex. 10 psi):

Transducer Depth: -
( Allow Time for water level to equilibrate)

Data Logger Model:

Data Logger Test Number:

Recording Type: Linear Log

Maximum Time Step:

Obtain Field Print of Data? Y N

el:! Alliance Personrie:I

Well Diameter: Static Waiter Level:

Well Depth:

Screen Size:

Depth Top of Screen:_ Depth Bottom of Screen:

Calculate Volume of Water in Pumping 'Well:
(VOL = 1 r2 L x 7.48 galft.3 ]
Note: r = Radius (ft)

L = Length of Saturated zone in well (ft)
I ~-.

TEST DATA:

Time Drawdown Test Started:

Time Recovery Started: .

Time Recovery Completed:

Elapsed Time:

Approximate distance and location of
observation/monitoring well:

% Recovery Achieved:
4 ~-

DIAGRAM OF PUMP TEST SET

Comments:

discharge outlet from

I

AF-213 Rev: 3OMay~eo1

S

p0

0

Project: Project No.:

Rev: 30 May, 1991

Date/Time: Set o
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TRC STANDARD OPERATING PROCEDURE NO. 012
WATER LEVEL MEASUREMENT PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for conducting water level measurements in monitoring wells during field investigations at
hazardous and non-hazardous waste sites. This procedure is consistent with "A Compendium of
Superfund Field Operations Methods (EPA/540/P-87/001)," and other pertinent technical
publications.

1.1 Objective

The objective of water level measurements is to gain accurate measurements of the depth of
ground water for use during well installation, in the recording of data for the preparation of
ground water elevation contour maps, purge volume calculations during ground water sampling,
slug tests, packer tests, and pump tests.

1.2 Equipment

The following list of equipment may be utilized during the conduct of water level measurements.
Site-specific conditions may warrant the use of additional or deletion of items from this list.

* Electronic water level indicators
* Steel tape and chalk
* Tap Water
* Alconox, liquinox or other non-phosphate concentrated laboratory grade soap
* Deionized Water
* Pump Sprayer
* Pint Squeeze bottles
* Any necessary personal protective equipment (gloves, eyewear, tyvek suits)
* Air Monitoring instruments as required (Hnu, OVM, etc.)
* Field logbook and monitoring form
* Well keys
* Previous measurement data (if available)
* Oil/water interface probe
* Precision ruler

Ak * Plunker on tape

L99-375.012
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2.0 PROCEDURES

The following procedures should be followed during the conduct of water level measurements.
Procedures may vary depending on the equipment used and contaminants present at the site.

Site specific conditions may warrant the use of stringent air monitoring and potentially more
significant decontamination scenarios.

1. Record the condition of the well (protective casing, concrete collar, lock in place etc.).

2. Put on latex or other sterile gloves. Stand upwind of the well; unlock and open the well.
If a vented cap is present, conduct well mouth air monitoring from the ve Int. If a non-
vented well cap is present, remove the cap and monitor the well mouth inrnediately.
Record all pertinent air monitoring results (sustained, dissipating, background, odor).

3. Identify the previous measuring point marking or notch on the riser or casing (if
present). Record this location in the field logbook or on the water level monitoring
form.

4. Using a previously decontaminated water level indicator, turn on the meter, check the
audible indicator, reel the electronic probe into the well riser (with the increments
visible) slowly until the meter sounds, grasp the tape with hand, withdraw the tape and
lower it again slowly until the sound is again audible. Check the depth to water on the
tape and make a mental note of the depth to within .01 feet. Lower the probe again
slowly and repeat the measurement for accuracy. Record the depth to water from the
measuring point in the field logbook or on the water level monitoring form.

5. Procedures utilized during water level measurements where free phase petroleum
products are floating on the water table should be modified to include the use of the
oil/water interface probe. The procedures during the use of this probe should be
implemented similarly and by manufacturers'specifications. Through the use of this

probe, product thickness can be determined.

6. Decontaminate the probe and any obviously soiled tape.

6s
L99-375.012
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TRC STANDARD OPERATING PROCEDURE NO. 013
GENERAL SURVEY PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for conducting general surveys of monitoring wells and site features during field investigations at
hazardous and non-hazardous waste sites. This procedure is consistent with "A Compendium of
Superfund Field Operations Methods (EPA/540/P-87/001)," and other pertinent technical
publications.

1.1 Objective

The objective of conducting surveys is to obtain accurate locations and elevations for
incorporation into the preparation of ground water elevation contour maps, site contour maps,
and site plans or figures. Horizontal locations should be accurate to one foot and vertical
locations should be accurate to .01 foot. All traverse loops should close within a ratio of
1:30,000.

1.2 Equipment

The following list of equipment may be utilized during site surveys. Site-specific conditions may
warrant the use of additional or deletion of items from this list.

* Theodolite
* Automatic Level
* Tripod
* Stadia Rod (graduated in 0.01 feet)
a Electronic distance meter (EDM)
* Prisms and targets
* Compass
* Plum-bob
* Folding engineers rule (graduated in 0.01 feet)
* Steel tape (graduated in 0.01 feet)
* Any necessary personal protective equipment (boots, gloves, eyewear, tyvek suits)
* Air Monitoring instruments as required (Hnu, OVM, etc.)
* Field log book
* Calculator
* Local bench mark datum
* Previous measurement data (if available)

199-375.013.wpd
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* Surveying nails (PKs)
* Stakes and tacks
* Flagging and/or marking paint
* Permanent markers and/or lumber crayons
* Portable radios
* Traffic cones, safety vests
* Hammer, chisel, axe, knife, saw, shovel

2.0 PROCEDURES

2.1 Procedures for conducting relative elevation surveys (level loop)

The following procedures should be utilized during the conduct of relative elevation surveys.
Procedures may vary depending on the equipment used, features to be surveyed, and
contaminants present at the site. Site specific conditions may warrant modifications to these
procedures and certain sites will require a licensed surveying subcontractor. This SOP is
intended for use on small areas where only relative elevations are required and can be conducted
by qualified TRC personnel. A comprehensive will require more stringent procedures to be
established on a project by project basis.

1. For monitoring well elevation surveys, follow the map or plan of locations in a logical
order.

2. Record the condition of the well (protective casing, concrete collar, lock in place etc.).

3. Identify the previous measuring point marking or notch on the riser or casing (if
present). Record this location in the field logbook and provide it to the su)contractor or
other rod person.

4. Set-up and level the instruments to be used during the survey.

5. Measure the instrument height above the bench mark elevation (temporary or
permanent).

6. Begin the level-loop to the desired locations and record all measurements in the field
book. Instruct the subcontractor (or other) to record the elevation of the t ? of the
protective casing, the top of PVC riser at the measuring point notch or marking (if
present) and the ground surface to within 0.01 foot. Shots which are greater than 500
feet in distance should be avoided due to the potential for error. To promIte accuracy,
the stadia rod should be swayed back and forth slowly by the rod person and the
surveyor should record the lowest measurement. The loop should be closed at the 4
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starting point (bench mark) within +/- 0.05 feet of the original elevation per foot of
length of level loop not exceeding +1- 1.0 foot.

7. Replace the vented cap, lock the well and continue the level loop.

2.2 Relative Traverse Surveys

The following procedures should be utilized during the conduct of traverse surveys. Procedures
may vary depending on the equipment used and the features to be surveyed. Site specific
conditions may warrant modifications to these procedures. This SOP is intended for use on small
areas where only relative locations of site features are required and can be conducted by qualified
TRC personnel.

1. Establish the traverse loop to be surveyed.

2. Set-up and level the surveying instrument (transit, theodolite) over a reference stake and
center cross-hairs of the optical plumb on a tack in the center of the stake. Set the
internal verniers to zero degrees. Conduct a back-sight on an established benchmark.
Measure the instrument height above the bench mark elevation, unlock the horizontal
vernier and turn the instrument clock-wise (towards a positive angle) to the desired
location. Record the measurements in the field book. The prism mounted on a tripod,
staff or a stadia rod should be set and held by the rod person in the middle of the object
of interest. After all shots are completed at this location, set a stake (hub) or PK nail (if
in asphalt or concrete) in the ground at the next desired survey station. Avoid shots
which are greater than 500 feet in distance unless an electronic distance meter is being
utilized.

3. Set-up and level the instrument over the next station and center the cross-hairs of the
optical plumb on a tack in the center of the stake. Repeat step No. 2 except the back
sight will be to the former reference station stake instead of a bench mark. The final
station should be sighted into the original bench mark. The traverse should close within
a ratio of 1:30,000 feet. Horizontal locations should be accurate to within +/- one (1)
foot.
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TRC STANDARD OPERATING PROCEDURE NO. 014
PACKAGING AND SHIPPING OF ENVIRONMENTAL SAMPLES

1.0 INTRODUCTION

1.1 Objective

Proper packaging and shipping is necessary to ensure the protection of the integrity of
environmental samples shipped for analysis

The objective of this standard operating procedure (SOP) is to establish packaging and shipping
requirements and guidelines for environmental sample shipping.

1.2 Required Equipment

* Coolers with return address of TRC office written on inside lid
* Heavy-duty plastic bags
* Plastic zip-top bags, small and large
& Plastic electrical tape
* Fiber tape
* Duct tape
* Vermiculite and/or packing peanuts
* Bubble Wrap (optional)
* Ice
* Chain-of-Custody seals
* Completed Chain-of-Custody record or CLP custody records if applicable
* Completed Bill of Lading

The term "Environmental Sample" refers to any sample that has less than reportable quantities of
any hazardous constituents according to Department of Transportation (DOT) 49 CFR - Section
172.

2.0 PROCEDURES

The following steps must be followed when packing for shipment by air:

L Select a sturdy cooler in good repair. Secure and tape the drain plug (inside and outside)
with fiber or duct tape.

L99-375.014
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Be sure the caps on all bottles are tight (will not leak); check to see that labels and chain-
of-custody records are completed properly.

Place all bottles in separate and appropriately sized plastic zip-top bags and close the
bags. Up to three VOA vials may be packed in one bag. Bottles may be wrapped in
bubble wrap. Optional, place three to six VOA vials in a quart metal can and then fill the
can with vermiculite. It is preferable to place glass sample bottles and jars 'into the cooler
vertically. Due to the strength properties of a glass container, there is much less chance
for breakage when the container is packed vertically rather then horizontally.

Place two to four inches of packing peanuts or vermiculite into the bag in the cooler and
then place the bottles and cans in the bag with sufficient space to allow for the addition of
more packing peanuts or vermiculite between the bottles and cans.

Put ice in large plastic zip-top bags (double bagging the zip-tops is preferred) and
properly seal. Place these ice bags on top of, or between, the samples. Fill all remaining
space between the bottles or cans with packing peanuts or vermiculite. Securely fasten
the top of the large garbage bag with tape (preferably duct tape).

Place the completed Chain-of-Custody Record or the CLP Traffic Report Form (if
applicable) for the laboratory into a plastic zip-top bag, tape the bag to the i!nner side of
the cooler=s lid, and then close the cooler.

Fiber tape shall be wrapped around each end of the cooler two times, and completed
Chain-of-Custody seals affixed to the top opposite sides of the cooler half on the fiber
tape so that the cooler cannot be opened without breaking the seal. Complete two more
wrap arounds with fiber tape; place clear tape over custody seals.

The shipping containers must be marked ATHIS END UP@ and arrow labels which
indicate the proper upward position of the container should be affixed to the cooler. A
label containing the name and address of the shipper shall be placed on the >utside of the
container. Labels used in the shipment of hazardous materials (such as Cargo Only Air
Craft, Flammable Solids, etc.) are not permitted to be on the outside of the container used

3.

4.

5.

6.

7.

8.
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TRC STANDARD OPERATING PROCEDURE NO. 011
GENERAL STEP-TEST PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
and general procedures for conducting step-pumping tests in monitoring wells.

A step-drawdown test is similar to a constant-rate test except that the pumping rate is
systematically increased in a series of several steps of equal duration. The basic requirements of
the constant-discharge test should be maintained for each step, including maintaining a constant
pumping rate during each step of the test, and obtaining frequent water-level measurements in the
pumping well and observation wells.

Generally, step-drawdown tests are conducted during a single day with each pumping step
consisting of a 1-hour to 2-hour period. Consistent time intervals permit easy comparison of the
drawdown data. It is desirable, but not critical, that the water level in the pumping well be
allowed to recover to its static condition before starting the next discharge step of the test.

Step-drawdown tests are used to determine the specific capacity of a pumping well, optimum
pumping rates, and the percentage of turbulent and laminar flow occurring at a pumping well.
Under idea, laminar-flow conditions, the drawdown in a pumping well is directly proportional to
the discharge (Driscoll, 1986). If the flow is not entirely laminar, meaning that some turbulent
flow also occurs, the drawdown will be proportional to the discharge rate raised to some power.
Analytical equations have been developed to estimate the percentage of laminar versus turbulent
flow from pumping wells (Driscoll, 1986). From such analyses a long-term test discharge rate
can be selected that will avoid excessive turbulent flow.

1.1 Objective

The objectives of step-tests include identifying aquifer properties of recharge, drawdown,
storativity, transmissivity, specific and sustained yield, and aquifer boundaries. Knowledge of
these aspects are essential aids in the understanding of aquifer characteristics for the
configuration of remediation or ground water supply systems.
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1.2 Equipment

The following equipment may be used during the conduct of step-tests. Site-specif
may warrant addition to, or deletion of items from this list.

* Field logbook or pump test log
* Water level indicators
* Pressure transducers
* Data logging equipment
& Field printer
* Lap-top computer
* Duct tape
* Alconox, liquinox, or other non-phosphate concentrated laboratory grade
* Deionized Water;
* Submersible pump with flow regulator and foot valve
* Generator
* Heavy duty extension cords
* Polyethylene sheeting
* Large capacity barrels (alternately holding tanks);
* Necessary personal protective equipment (gloves, eyewear, tyvek suits);
* Portable radios
* Well completion logs
* Well keys
* Flow meter/graduated bucket
* Stopwatch

2.0 PROCEDURES

The following general procedures should be used for conducting step-tests. Alteral
general procedures may be necessary in order to accommodate site specific conditii
requirements.

Step-tests should follow the set-up procedures listed below in order to consistently
desired data as accurately as possible.

1. Determine the appropriate lengths of transducer cables based on the distar
pumping to observation wells. Based on the well geometries, determine l
pressure-rated transducer, number of logging channels needed, required pi
length, pump capacity and type, minimum and maximum anticipated pum
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Identify the test control location and create a pre-test schematic of where the wells are,
depth of transducer and pump settings, where the water will be discharged or
containerized, and how the test can be implemented efficiently before going into the
field.

2. Conduct decontamination of all downhole step-test equipment using the procedures
identified in SOP No. 4 and wrap all equipment in polyethylene sheeting or bags. These
should be dedicated and labeled for the intended wells.

3. Following any required air monitoring, measure water levels in all of the wells to be
monitored during the test following the procedures identified in SOP No. 12. Record
the water levels in the logbook or on the pump test log. It is recommended that the
water levels be monitored for a period of time prior to the test to identify any trends of
rising or falling water levels due to nearby supply wells, tidal influence or surface water
bodies.

4. Set and secure the pump in the pumping well at the planned depth and allow for
stabilization of the displaced water level caused by its insertion. The generator should
be filled with gasoline at a remote down-wind location and extension cord run to this
location. Record the pump depth in the logbook or on the pump test log. Monitor the
water level in the pumping well to ensure that static levels are attained.

5. Secure the transducers with duct tape in the desired wells at the planned depths as
identified in the pre-test schematic. Set all transducers in the wells for a minimum of
two hours to allow for adaption to ground water temperature and cable stretch. The
transducer in the pumping well should be set above the pump. Run all of the transducer
cables to the test control location and connect them to the data logger in the desired
channel(s). Record the transducer depths in the logbook or on the pump test log.

6. While the transducers are becoming stable, programming of the data logger for each
channel should be completed with the specific parameters for each transducer. Scale
factors, linearity, offset, well ID, reference level, and type of reading (surface or top of
casing) should be selected. These parameters are specific to each transducer and data
logger and are usually clearly identified on the wheel and cable for each transducer.

7. The data logger should be programmed to collect readings at the desired interval(s) for
the entire duration of the test including recovery. The test should be programmed to
allow for logging of water levels during the drawdown and recovery stages using the
logarithmic option recommended with most data loggers. The actual log scale can also
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be modified to suit the needs of the test if desired. The data logger should
programmed to start prior to initiation of pumping the well. Record the pi
duration in the logbook or on the pump test log.

8. Once the test equipment is ready, the entries, well IDs, and parameters for

should then be double checked for accuracy. The connections to all chanT
checked by communication with each individual transducer.
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be
:)grammed

each channel
Als should be

The startup of the pump should be synchronized with the logging of water' level data.
The rate of pumping should be set at the desired rate. The rate should be stabilized as

quickly as possible to promote accurate data analysis. Direct the discharge to the
appropriate containers, if required, or to a location outside of the anticipated cone of

influence. The pumping rate should be measured and recorded routinely during initial
pumping to confirm that the rate is stable. All adjustments to the rate should be
recorded. Record the actual start time and pumping rate of the test in the logbook or on
the pump test log. -

10. Monitor the channels of the data logger to read the transducers. Look for

the pumping well to confirm operation. Monitor the transducers in the ob
wells to confirm their operation. Manual measurement of the water leveh
performed periodically to confirm the accuracy of the transducer data.

11. Increase pumping rates at the required frequency.

12. If a recovery test also planned, shut down the pump, record the time and a
level in the pumping well to recover to 90 percent of static levels while th
and data logger collect the recovery data.

13.

Irawdown in
ervation
should be

low the water
transducer

Once the test is completed, remove, and decontaminate all downhole equiment.
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Contractor Personnel:

A I YI

Weather:

Well No.: Pumping Well
Observation Well EU

Distance from Pumping Well: -

DISCHARGE INFORMATION:

Well Discharge Rate:

Discharge Rate Measurement Method:

Was rate checked throughout test Y __ N_

if yes, note variations:

I
DRAWDOWN MEASUREMENT INFORMATION:

Recording Method:

Date/Time:
I Sheet _ of -

Alliance Personnel:

Well Diamiter: Static Water Level:

Well Depth:

Screen Size:

Depth Top of Screen: Depth Bottom of Screem

Calculate Volume of Water In Pumping Well:
fVOL a 1 r2 L x 74 gauftl3 3

Note: r = Radius (ft)
L = Length of Saturated zone in well (ft)

TEST DATA:

Time Drawdown Test Started:

Time Recovery Started: .

Time Recovery Completed:

Elapsed Time:

Approximate distance and location of discharge outlet from
observation/nonitoring well:

% Recovery Achieved:

DIAGRAM OF PUMP TEST SET UP:

Transducer Size (ex. 10 psi):

Transducer Depth: -
(Allow Time for water level to equilibrate)

Data Logger Model:

Data Logger Test Number:

Recording Type: Linear Log

Maximum Time Step:

Obtain Field Print of Data? Y N

Comments:
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TRC STANDARD OPERATING PROCEDURE NO. 016
JAR HEADSPACE ANALYTICAL SCREENING PROCEDURE

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for conducting water level measurements in monitoring wells during field investigations at
hazardous and non-hazardous waste sites. This procedure is consistent with "A Compendium of
Superfund Field Operations Methods (EPA/540/P-87/001)," and other pertinent technical
publications.

1.1 Objective

The objective of jar headspace screening is to gain accurate field measurements from soil or
ground water media encountered during boring, soil sampling, or ground water sampling.

1.2 Equipment

The following list of equipment may be utilized during the conduct of water level measurements.
Site-specific conditions may warrant the use of additional or deletion of items from this list.

* Photo ionization detector (PID) or flame ionization detector (FID)
* Aluminum Foil
* Clean jars (approximately 500 ml or larger - jars less than 8 oz. capacity should not be

used) or one-gallon resealable plastic bags.
* Field logbook

2.0 PROCEDURES

The following procedures should be followed. Note that for soil samples, a resealable plastic bag
may be substituted for clean jars.

1. Record the sample characteristics and identity in logbook.

2. Put on latex or other sterile gloves. Fill half-full two clean glass jars with the sample to
be analyzed. Quickly cover each open top with one sheet of clean aluminum foil (shiny
side up) and subsequently apply screw caps to tightly seal the jars.

3. Allow headspace development for at least 10 minutes. Vigorously shake jars for 15
seconds both at the beginning and end of the headspace development priod. Where
ambient temperatures are below 32"F (WC), headspace development should be within a
heated vehicle or building.

L99-375.016
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4. Subsequently to headspace development, remove screw lid/expose foil seal Quickly
puncture foil seal with instrument sampling probe, to a point about one-hal of the
headspace depth. Exercise care to avoid uptake of water droplets or soil particulates.

As an alternative, syringe withdrawal of a headspace sample with subsequent injection
to instrument probe or septum-fitted inlet is acceptable contingent upon verification of
methodology using a test gas standard.

5. Following probe insertion through foil seal and/or sample injection to the probe, record
highest meter response as the jar headspace concentration. Using foil seal/probe
insertion method, maximum response should occur between 2 and 5 seconds. Erratic
meter response may occur at high organic vapor concentrations or conditions of elevated
headspace moisture, in which case headspace data should be discounted.

6. The headspace screening data from both jar samples should be recorded and compared;
generally, replicate values should be consistent to plus or minus 20 percent.

7. P11D and FID field instruments shall be operated and calibrated to yield "total organic
vapors" in ppm (v/v) as benzene. PID instruments must be operated with an appropriate
eV (+/-) lamp source. Operation, maintenance, and calibration shall be performed in
accordance with the manufacturer's specifications. For jar headspace analysis,
instrument calibration shall be checked/adjusted no less than once every ten analyses, or
daily, whichever is greater.

8. Instrumentation with digital (LED/LCD) displays may not be able to discem maximum
headspace response unless equipped with a "maximum hold" feature or strip-chart
recorder. Deviations, departures and/or additions to the above procedures should be
consistent with 310 CMR 40.0017. In such cases, compelling technical justification
must be presented and documented by the methodology proponent.

L99-375.016
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TRC STANDARD OPERATING PROCEDURE NO. 017
GENERAL PACKER TEST PROCEDURES

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
and general procedures for conducting Packer tests in monitoring wells. This SOP conforms to "A
Compendium of Superfund Field Operations Methods" (EPA/540/P-87/001), and other pertinent
technical publications.

Packer tests may be performed during the advancement of the borehole or after drilling is
completed. Packer tests are usually conducted in NQ/NX-size (3-inch) boreholes, but can be
conducted in boreholes of a larger size. The test involves placing expandable packers, either
mechanical or pneumatic, in a borehole. A pneumatic packer assembly is preferred because it is
easier to use and provides a more positive seal. A section of the borehole, usually five feet in
length, is sealed off with the packers. Water is then pumped through the zone between the packers
at a known pressure. The rate of flow into the formation is measured with a flow meter. The
permeability of the test zone is calculated using the data obtained in the test.

1.1 Objective

The objective of a Packer Test is to identify the permeability of a specific zone in a bedrock
borehole. Knowledge of this is essential in understanding aquifer characteristics for the
configuration of remediation or ground water supply systems.

1.2 Equipment

The following equipment may be used during the conduct of a Packer test. Site-specific conditions
may warrant addition to, or deletion of items from this list.

* Field logbook or Packer test log
* Water level indicators
* Pressure transducers
* Data logging equipment
* Field printer
* Lap-top computer
* Duct tape
* Alconox, liquinox, or other non-phosphate concentrated laboratory grade soap;
* Deionized Water,
* Submersible pump with flow regulator and foot valve
* Generator
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* Heavy duty extension cords
* Polyethylene sheeting
* Large capacity barrels (alternately holding tanks);
* Necessary personal protective equipment (gloves, eyewear, tyvek suits);
* Portable radios
* Well completion logs
* Well keys
* Flow meter/graduated bucket
* Stopwatch

2.0 PROCEDURES

The following methodology should be used to conduct a bedrock packer test.

1, Flush the borehole with clean water to remove cuttings. Measure the depth of the borehole,
and check for caving. Be sure that an adequate reserve of water is available o avoid running
out of water during a test.

2. Determine the test zone. The test section length should be a minimum of 5 times the
diameter of the borehole. Avoid placing the packer in a zone of fractured rock or in the
bottom of the casing because leakage will occur. Keep the rock core or drilling logs handy to
refer to during the test.

3. Maintain the test pressures below what is commonly referred to as the Maximum Water
Pressure (Pmax). This should avoid the chance of hydrofracturing (loosening) the rock mass.
Pmax is determined by the following formula:

Pmax = (H)(l psi/ft)
where H, = depth in feet from ground surface to the bottom of the upper packer
(Note: in highly fractured rock this should not exceed 0.75 psi/ft)

During test operations the water pressures are observed at the gauge. The Maximum Gauge
Pressure (Gpmax) is calculated by the following formula:

Gpmax = (H1 + H3) (1 psi/ft) - Hi - H2) (.43 psi/ft)
Where
H1 = depth in feet from ground surface to the bottom of the upper packer
H2 = depth in feet from ground surface to the static water level
H3 = height in feet of pressure gauge above ground surface

The depth and height variables (H1, H2 and H3) are shown on Figure 1.
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When significant flow rates are encountered during the test the gauge pressure may need to be
increased to compensate for system pressure loss due to frictional head loss. This is an unusual
situation.

4. To ensure that the packer system is not leaking, test it prior to the start of the actual
permeability test. This can be done by installing the packer in a piece of steel casing and
conducting the test as if it were being done in the borehole. The water pressure must not
exceed the Packer Inflation Pressure (see Step #5, below). Calibration for a particular test
assembly can be obtained on site by laying the system out on the ground and pumping water
through the system while collection the data as if the test were being performed in-situ.
Check the hose for leaks. Check the water meter to assure that it is working properly.

5. Determine the Packer Inflation Pressure (PIP), by performing the following steps:

Step 1 - Establish Minimum Inflation Pressure (MIP) (i.e., the pressure required to inflate the
packers in the casing so that they can no longer be pushed or pulled through the casing).

Step 2 - Establish the Static Head Pressure (Ps) i psi at the test depth by the following calculation:

Ps = (H1 - H2) (0.43 psilft)
Where,

H, and 142 are as above

Step 3 - make sure the Packer Inflation Pressure (PIP) equals the Minimum Inflation Pressure
(MIP) plus the Static Head Pressure plus the Maximum Gauge Pressure (Gpmax) of the test zone
between the packers. This is sometimes written as follows:

PIP = MIP + Ps + Gpmax

6. Determine the static water level in the borehole prior to the installation of the packer.

7. Assemble and install the packer equipment in the borehole. Measure each rod to top of
coupling as it goes into the hole. Be sure rods are tightened to prevent leakage at the joints;
teflon tape may be helpful. Number the rods for easy tracking of the packer location for
sequential tests. Lower the equipment to the location of the deepest test. Figure 1 depicts a
configuration for a packer test.

8. Before performing the first test, bleed air out of the lines by forcing water through the packer

system assembly before the packers are inflated. Inflate both packers to the required packer
pressure. Double packers are usually spaced five feet apart, but spacing can be varied to
meet specific test requirements.
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9. Before starting the test, review the Packer Test Data Sheets (Figure 3) and record the
following:

- Test number
- Test section (i.e. length)
- Hole size
- Height of pressure gauge above ground surface
- Ground surface elevation
- Depths to rock surface, ground water, bottom of boring, bottom of upper packer, and to top of
lower packer

10. Conduct the bedrock packer test in three stages:
Step I - 1/2 Gpmax

Pump water into the system and record observations of gauge pressure and water meter at 30-
second intervals for at least three to five minutes after a constant rate of flow is reached.

Step 2 - Full Gpmax

Pump water into system and record observations of gauge pressure and water me er at 30-second
intervals for at least three to five minutes after a constant rate of flow is reached.

Step 3 - Full Gpmax plus 20 psi increase on the Packer Inflation Pressure

Increase Packer Inflation Pressure by 20 psi. Pump water into the system and record observations
of gauge pressure and water meter at 30-second intervals for at least three to five minutes after a
constant rate of flow is reached. The results of Steps 2 and 3 should be similar. If they are not,
Step 3 should be repeated, increasing the Packer Inflation Pressure by an additional 20 psi. This is
done to check for leakage past the packers. -

For all test steps, record water levels in the casing during the test. If the water level rises or
bubbles appear during the test, the packers may not be sealed and the test results may be suspect.
Measurements of doubtful accuracy must be noted, along with a description of the questionable
aspects. If possible, testing should be continued until accurate data is obtained. It may be
necessary to move the packer assembly a short distance to obtain an adequate seal.

11. If leakage of water from the packed section into the surrounding rock is so great that the
Gpmax cannot be reached, run the pump at its full capacity with the bypass valve closed.
Record the volume of water pumped into the test section and the associated pressure readings
at timed intervals. This data will give a minimum value of the rock permeability.
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12. Upon completion of the test, deflate the packers and move to the next test depth. Complete
log sheet (see Figure 2).

13. The same test methodology may be used with a single packer. Single packer tests are
conducted either as the borehole is advanced or after the entire borehole has been completed.
With this test configuration the bottom of the borehole takes the place of the second packer.

3.0 PROBLEMS AND POSSIBLE SOLUTIONS

There are a number of possible problems that may develop while performing a bedrock packer test.

Several of the most common problems and their possible solutions are outlined below.

1. Packers move up out of the hole at the start of the test.

Occasionally, particularly in low permeability rocks, the packer assembly may lift out of the hole
due to the water pressure. Observers should stay clear of the top of the borehole to avoid injury. It

may be helpful to deflate and re-inflate the packers to obtain a more positive seal in the borehole.
Also, the rig drive head can be placed over the top of the swivel to help to hold the packers in

place during the testing.

2. Excessive amounts of water are pumped into the formation.
In certain types of hydrogeologic or contaminant investigations, large quantities of water should

not be pumped into the aquifer as this may impact local ground water quality and movement. If
this is a concern, packer tests should be avoided. Alternatively, falling or rising head tests may be
performed or geophysical borehole data may be obtained.

3. The packers jam in the borehole.
Packers may become caught in the borehole for two reasons: 1) caving of the formation around the

packers, or 2) failure of the packers to deflate. In the latter case, it is generally advisable to re-
inflate and deflate the packers a second time to try to remedy the problem. Forcibly removing the
packers from the hole should be avoided as they may become permanently lodged or damaged. In

some instances it may be helpful to pump water through the system to help lubricate the
equipment for removal. Packer tests in soft, broken or cavernous formations should always be
attempted with great caution.

4. Water meter malfunction.
Water meters are sensitive instruments and are subject to malfunctions due to clogging by debris
or mechanical failure. It is important to check the water meter prior to use to be certain that it is

working properly. Generally, it is best to place the water meter in a horizontal position,
particularly for low flow measurements. It is also important to determine what the units of the

meter dial are prior to use, as they are often poorly marked. Discharging water from the meter
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into a container of known volume (e.g., 5-gallon bucket or a 55-gallon drum) and comparing this
to the metered volume provides a reasonably accurate check.
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TRC STANDARD OPERATING PROCEDURE NO. 018
SAMPLE CHAIN OF CUSTODY

1.0 INTRODUCTION

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the
documentation requirements for collecting samples. The SOP conforms to "A Compendium of
Superfund Field Operations Methods (EPA/540/P-87/001)," and other pertinent technical
publications.

1.1 Objective

Sampling handling is an important part of the field investigation program since samples that are
incorrectly handled can affect the quality of data. Sample handling begins at the collection of the
samples and continues until the sample has been analyzed. Described in this section are sample
preservation requirements for the samples, sample custody, and documentation protocols.

2.0 SAMPLE CUSTODY

An overriding consideration essential for the validation of environmental measurement data is
the necessity to demonstrate that samples have been obtained from the locations stated and that
they have reached the laboratory without alteration. Evidence of the sample traceability from
collection to shipment, laboratory receipt, and laboratory custody (until proper sample disposal
and the introduction of field investigation results as evidence in legal proceedings when
pertinent) must be documented. A sample is considered to be in a person's custody if the sample
is:

* In a person's actual possession
e In view after being in a person's possession
e Locked so that no one can tamper with it after having been in physical custody
e In a secured area, restricted to authorized personnel

The field team leader (or designee) is responsible for overseeing and supervising the
implementation of proper sample custody procedures in the field. The field team leader or
designee are also responsible for ensuring sample custody until the samples have been transferred
to a courier or directly to the laboratory. Once received by the laboratory, the samples proceed
through an orderly processing sequence specifically designed to ensure continuous integrity of-
both the sample and its documentation.
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2.1 Chain-of- Custody

The chain-of-custody procedures are initiated in the field immediately following saIple
collection. The procedures consist of: (1) preparing and attaching a unique sample label and tag

(RAS analyses only) to each sample collected, (2) completing the traffic report/chain of custody
(TR/COC) form for RAS analyses and the COC for DAS analyses, and (3) preparin and packing
the samples for shipment. The standard operating procedures for the DAS program, including
procurement of analytical services, sample tracking, and overall management of the program can
be found in EPA's Regional Sample Control Center Guidance for the CLP and DAS (1996b),
which contains the current guidelines that are applicable to this section.

2.1.1 Sample Labels

Field personnel are responsible for uniquely identifying and labeling all samples co
a field investigation program. All labeling must be completed in indelible/waterpr
securely affixed to the sample container.

For RAS analyses, all sample bottles will be labeled with both a label and an EPA-i
number designated for RAS analyses. Similarly, for all DAS analyses, sample bott
labeled with a label and a DAS sample number. The label typically contains the fo
information:

Unique sample identification number
Sample location/description number
Type of analysis to be performed
Sample volume, container type, and the type of chemical preservatio

lected during
>of ink and

ILP sample
les will be
Ilowing

p

n used
e Sampling date and time
* Sampler's initials

The RAS sample number is a unique number that identifies each sample analyzed through the
CLP system. The DAS sample number is also a unique number; however, DAS saImples are not
routed through the EPA-CLP process, but are generated and tracked through the analytical
services work assignment. Both the RAS and DAS sample numbers are preprinted on adhesive
labels. The RAS sample number labels are provided by the Regional Sample Control Center
(RSCC) for EPA Region I, and DAS sample number labels are provided by the DAS
Laboratory/Tracking Coordinator. It is the field personnel's responsibility to assign the RAS or
DAS sample number correctly, transcribe it accurately on the appropriate documentation, place
the labels on the correct bottles, and transcribe it accurately to the bottle tag.

The RAS sample number label contains the following information: C

S

0
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* An alpha-numeric sample identification number as assigned by the RSCC.
e Type of analysis to be performed

The DAS sample number label will contain only an alpha-numeric sample identification number
as assigned by the Laboratory/Tracking Coordinator and can be used for any type of DAS
analyses. If a sample number is used but there are additional sample stickers with that number
remaining, the extra stickers will be destroyed. Unused numbers may be retained for future use.
An attempt should be made to use the numbers consecutively to avoid confusion. An example of
the RAS and DAS sample number labels are shown in Figure 1.

2.1.2 Sample Tags

Field personnel are responsible for tagging all samples that are collected and submitted for RAS
analyses. An EPA-CLP sample tag must be completed in indelible/water-proof ink and securely
attached to each sample container. The EPA-CLP sample tag contains the following
information:

* Project Code (work assignment number)
* Unique sample identification number (also called the station location)
* Sampling date and time
* Designate: composite or grab sample
e Preservative: yes or no
0 Type of analysis to be performed
* Signature of the person packaging the sample
* RAS sample number
0 Case number

An example of an EPA-CLP sample tag is shown in Figure 2. Sample tags are not necessary for
samples submitted for DAS analyses.

For each sampling event, a case number is assigned by the EPA Contract Laboratory Analytical
Support Services (CLASS) contractor for RAS samples and by the Laboratory/Tracking
Coordinator for DAS samples. Although the DAS case number is assigned by the
Laboratory/Tracking Coordinator, the RSCC is notified of the assigned case number and the
anticipated number of samples to be collected prior to sample collection, and a Region I
summary form is submitted to the RSCC. From this point on the tracking of DAS samples is the
responsibility of the Project Chemist.

The RAS case number is five digits in length. The DAS case number is a four digit number
followed by an assigned letter. The case number allows for tracking of samples and maintains
site confidentiality. No reference to the site name will be shown on paper work.

L99-375-018
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2.1.3 Custody Seal

Custody seals will be secured across the shipping container to ensure content integri
contain both the date and the signature of the person affixing them and must be: com
indelible/waterproof ink. An example of a custody seal is shown in Figure 2.

2.1.4 Traffic Report/Chain of Custody and Chain of Custody

SOP No. 018
Version 2.0

mber 4, 1999
Page 4 of 6

ty. The seals
pleted in

For inorganic and organic analyses, TR/COCs (Figures 3 and 4, respectively) must be completed
for each sample set submitted for RAS analyses. COC (Figure 5) must be completed for each
sample set submitted for DAS analyses. These forms are maintained as a record of sample
collection, transfer, shipment, and receipt by the laboratory. These forms also contain pertinent
information concerning sampling locations, dates, and times; signatures of at least one sampling
team member; types of samples collected along with a unique sample identification number; the
number of samples collected and shipped for analysis in each lot; the project n ame and number;
and the name of the laboratory to which the samples are being sent. They must be completed to
ensure proper transfer of custody from the time of sample collection to analysis. The appropriate
copies must be sent to the CLASS contractor, RSCC, and the laboratory.

2.1.5 Transfer of Custody

Samples will be accompanied by an approved and completed TR/COC or COC fon
step of custody transfer and shipment. When physical possession of samples is trar
the individual relinquishing the samples and the individual receiving them will sigr
record the time on the COC form. In the case of sample shipment by an overnight
properly prepared air bill (Figure 6) will serve as an extension of the TR/COC or C
while the samples are in transit.

At the start of business the day following shipment, field personnel will either notif
contractor or RSCC of RAS sample shipments, by telephone. This notification ena
CLASS contractor to track the shipment of samples from the field to the laboratory
timely receipt of the samples at the laboratory. The following information should b
the CLASS contractor and documented:

0

eS

S

e0

0

eS

Field Team Person's name, phone number, and EPA region
Case number of the project
Batch numbers (dioxin only)
Exact number(s), matrix(ces), and concentration(s) of samples ship-
Laboratories to which samples were shipped
Analyses required

in during each
nsferred, both
, date, and

couner, a
OC form

y the CLASS
bles the
and ensure

e reported to

ped

9

a
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* Carrier name and air bill number(s) for the shipment
* Method of shipment (e.g., overnight)
0 Date of shipment
0 Information on completions, changes, delays, continuations, etc., pertinent to the

Case and sampling project

If the RAS sample shipment is made after 5:00 p.m. eastern standard time (EST), the CLASS
contractor will be notified at the start of business the next day (8:00 a.m. EST). The CLASS
contractor will also be notified by 3:00 p.m. EST Friday for RAS sample shipments that will be
received at the laboratory on Saturday. Appropriate copies of the TR/COC must be sent to the
RSCC and CLASS contractor to document collection of RAS samples to be analyzed through the
EPA CLP system. Upon completion of a sampling event, copies of all TR/COC and a copy of
the appropriate data quality objectives (DQO) summary form (Figure 7) will be sent to the
following addresses:

Ms. Christine Clark Ms. Nicole Coene
US EPA Region I OEME U.S. EPA CLASS / Dyn Corp.
60 Westview Street Information & Engineering Tech. Inc.
Lexington, MA 02173 200 Edmund Halley Drive
(781) 8604615 Reston, VA 20191-3436

703-264-0330

L99-375-018
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2.2 Sample Packaging and Shipping

Following sample collection, all samples will be brought to an on-site location for batching and
paperwork checks. At this central location, like sample types are matched (i.e., soli Is, liquids,
etc.) with similar sample types from all sample locations. Labels and logbook infornation are
checked to ensure there is no error in sample identification. The samples are packaged to prevent
breakage and/or leakage, and the shipping containers are labeled in accordance with the
Department of Transportation (DOT) regulations for transport.

All samples will be shipped directly to the laboratories via an ovemight carnier. F each sample
shipment to a specific laboratory, an overnight air bill must be properly completed. In order to
ensure the safe and secure delivery of all collected samples to the laboratories., pac aging and
shipping procedures have been developed so that resulting shipment will comply with applicable
DOT regulations for air or surface transportation.

L99-375-o1B



sajduina jeaqu'lj nqurnK aiduuS SVU pule STH lID

OLi'NVO

Kqhlyao -iw - tEsrXMR(lxxvxo - Tgu-m



W'S 303: puB Rai SVUd '131I191

INOs

DP90CTI ''

ilswmMOssnallUfoosagse

salovo~massmn

.anammOspfmW1

ses 3av Ktu MOs pflfl.1

vsikovogopsumetn

towemmaa i -- lwesW *12'

0

I
U

IIU
I
C

K

0rn

I.

IgA

04-,

i



303 3IUUJOfl£3lki

I



I - - - I

t-

vp

VV

cial

: ini



00) 311191

IMMIHI
M~14122

---4



nRjq'iV XJ PaA 9 aDL(1O

ift

~II

I

p

I'

II~

I

I
I
I

C 3

niH

0

10 1 Ow a =I'

tr o

dl~i II : 3
-~ ~ a 6

pp



ot(i I 3d L 31MOIA

-v~~~o wii paq~ ~"e

wa pq- -md an Aif &m. q a ma ~a . Ij

*RIM

- .Ji 2F.a vu 4  m A I~UV

£ I
U

.u un. s -g--
I -

. rom aviems -- mva I
**om .w-avm tvasama *Ma vgaavsa a umn



obaIZ 2d L naouL

=m~ =9V I mba zc0 *G 2mm =qdbs qj.
.- ..

a~N--- a. 93Q.5

.Tm 4 ..

-eunata -

C I

4OSD- .m..

.1 1

#-4- wei v-a .op zqw) ic aug s- am AM W"IN ww ~ bp.1

- 1I

-mn

U



n~e uni2o ' edg n~oj

X~UUUAJ p~(osj "~a ~ ~WG

__ *0*4 'qfoUaipv

K7y~

:Aq paAojddV

:Xq pWAvarA3H

:Aq PoImd9Jd

AOIlVGI7VA VJVG

610 'ON n3icm303 DNIl V2JJO UTVGWNVL S 3[fl

404)q/

w



6



610'SLC-661

UOIIEOPQAVILeG 101 rMTEuusuuhl 'aEt'jeJ rn110

3 ju-aunpcellr

IUflfl!ISUt?1J ouIOW uotwptpRj BIVQ

uUIOJ Itn"~"u'mJL IsQ4DO43 Put souipptn[ MafAO) uo!wItIA RWQ(

v ;uauirpufly

........................................... I................... sanca ouci 07.

I.............................................................InO'LM0
90 I UOI fS

NOIL GOlNI 0 Is

SINHLNO3 LO m'ivl



9

6



610SgLC-661

1W -tuajqoxd oAlosoi ol iouuosnad owuudosddu $0t$u00 IA111m104x3o l30foid/19auu rjoM~

W-Il043a 130(Oid/19gumuW paoid oi ir jltuqns put K'oltoqutioj popoou tulJ) 2uqtls otuotu
Lt =xdaid IM JOJUoPiRA Axumupd otp uoil 'ogutNoud Etp puoriApituu mosj 2uzsstuT on tsp jj tC

UW&OS PEM cIfCI/JVS UK P1LIOJJUT St UOE)U[!['JA
suLIoj~iIO 10$piItA £WWI~d -iogpnq pue OalPO4Ds JO IQOAO> UOPPTPA UUOJU! 0$ JOWIPIUA

Xnua -uouunojur olnpotps put $o~pnq qjpA% 10$tp!ftA £niud u2rsst os ialiuuwIrold 7Z

flaIUN 130fO1J tUIJJ 5033

ad 'salou pprj 'suujoj D03 'o~ujoed ulep JUP~tAtUt OATDJ 0$ oJOJUaflRA ujp Lzuuiuj -j

Aq paxomsut aq 01 Mn UOTWQP4IA ap jo gdoos otp 2urpn2a i SUOtuWiO3 1 suopsnr UoIuppItA
u Runwrj oj soud MjOS pU13 arsriiavs 041 MO!A2.i 0$ 101tPIWA 1 Pw JO [1!IICHsuodsOD 4$st II

MIodai flh10l U0PUPf[UA 041 U21S 11!M S30$tPIIUA 410ff -IsiflO M!Ao.I put souIopIfl2 po43t$U,
aLp guisn piodai UOIWLP4ULA zip jo XAano Ogfl XJPIQA HIMA- 04M 'IOMiOTAQI UOTIUPTWUA P Xq POM-21AW

a9 Ipm luoda U0illup![A 041, iapnq put Oj~lPO43)S U!4IKM lIodar UOI$pIJI[A 94$ 2unojdwUoa
ioj SCj~psuodsoi seq oqiN xoA4oiAwJ ktwud t Aq p9$3flpU00 9(4 JlM U0ot UAU~p9

'ponolloj oq plnoqs ainpoosc gUtm01I0J 041

loJ0 kcpqusn put &Irpqeldaooo 041 4jtlnb put, ssosst 01 5! U0illtptfiA tlep J0 QAiloofqoO qj

gAfpqo Tel

-suoijLtjqnd
1t3U4331 IUOUIIlod 10410 put ,'(ooL-wo/0t9vd9) spo4IOJA suorwn.Ido prn~a punjndng jo

lunlpuodwoj V,,.u 11MMiuo UOSsUO Si npOoid SLqj -SUOIl2PpqA lep ~U!$DfpU0Dio 10550npoid
04$ U! pguuosixod 3R&L 13013 01 poxudoid sum (aos) ainpooj 2urindo pneputl i SL

NOII3fIEIOUIMU 0*1

NOIIVJUIVA VILVO
6110 0 M (Ma01d DNIJVH~ldO (fIV(LNVJLS 3111. Z Jo I O~ed

6661 'Cl Iniqoio
07 UOIsI0A
610 *ON cIOS 3 1



0tOSLiE661

'nagmuew posoi(o i2pnq P1 1 w ajp- upWpm

flAT op pu imj, UJO)SASi lU0jEI UZ wpdf lee. )flA fui Jd jo/puu jout~o £aojiujoqu'j '

guIEU s 6 .Iasuuju v'ord nptn libOAt11P

podai UorJ~p[tA Xuirdtooo, ol p utoyallo 9DJJ UO 101101 JQAOO 01139JO JOIPI1UA CJICUt!a t6

tIOweprA nUaU oi svOa p")U '1ljDL,,jD
'aglUpioLd aiwp xu jsodax uoulLptile iurnoj 'Xnss:oouj! 'd-vi) mIcuo tussoss9I Airwnd

rmud saloldwioa puu noi uoTIepqjUA SuIsI flafaJ uojjpjugA '*ojdtoo si: iUodx U3U44 -8

SoaiQppu J1O~p!IEA ASRCUIUd t.I01RPTfEA AU.Upd ol swuounuoo 9p!Aoid oj .IaAa uo1UPquA tL

-iSTRDoMD pue SOLurIopnmaXutOl> uoiWPtju'Aiod UIOIJUplTA XTIJa!AHUO11I8p!IUA '9

XDMOPAQJ UOUjIUjA 0t IJICdal UOIIUp!quApu oq

up ottuoiJo30p'a2inpucl uwip tAuu 'spoqspAom~ Iliodol UOXIUlA slrtnqnS 1J11QA XMUids .;

's01.iflWLT jai qIim WiodaS LIOIW3P!A SO1ThOJ3O jP!IEA ewvp teuJ 't

Z JO Z agecI
6661 'E I gqoflJ
07Z 11 01 51 0J
6I0ON JOSDUI



6WLOLE-661

9

£ SIJ)I3HJ UNV SHNITIUILD
M HIAZD! NOIVUIYVA

V £NIVH3VII V



6



60 OSLE-66'I

pjodai jo uQUizs Xqlqtisn RIup maiAoQ-)J ____

110 at UoiMprPA pitE j2qS)I~OM

ACI wsm2u sinsax c0b o~up1d v2up A4QIAO) _____

mojdwoo pin lu~said
amsiuqown, Anssaarni Iu Twq] AJ~aA _____

SLIOJ UOt1Up~fUA Ut puu laoqs
JQAO9 UO ouIs pug # asrDjo p Xvnzou )flDLq3

;Djqrn kuniuns

Spxauauoj XjAI&;3y alaidwloj

134014IJ01 kt3Ai(gp 10 O2ILI!IA Xntud 01 lsodg puuiollo uofl~pqjRA p~UTsi Ul- -S
vkSasnu y! 'uuoj wowESSZssy kJ[n u (w soljdoo .I;AXTA;1 UOT19pIIA -L

rnl-oduwoD si M3Imat 'loauO put~ WIuI33-a s! jiodai UOTIBgPrWA aouo9
*lO1RP!ifUA

Xsutuud im sjtoin so sauudajssp,(Xu jp uomsoao Srneuipiooo -Iam;rAazJ uOTIUpt1A -9
-M0[3q 1ij3343 2uisn M3!A3J 01 J-3M2AIAOJ MUMMUPIA 't

-zep~oL1 -elup Mui puL, l1odaa UOIHUpZ[1A U1EIP aAi0DaI 01 12M-aiAQ1 UOIEPI[UA -E
flM3AOAt- XnwTud maaoj solripoqos 3AI3Dat oj flO!,0A3 u0r19pqp -Z

* AdV/4V AIAQI puL JO2BUUN 100101d 111014 QA13a 01 .IQAOJ U1PuoRApq I

1SI'U3aIH GNV SHNYI3GIflD M1IA3H NOI1VUIVA



9

C



ATTACHMENT B
DATA VALIDATION MEMO

TRANSMITTAL
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DATA VALIDATION MEMO TRANSMITTAL

Date:

To:

From:

Site:

Charge No.:

Package Case No.:

Parameter(s):

Electronic Deliverables:

File Name File Location

Memo

Data Summary Tables

Other

Hard Copy Deliverables:

Included Completed Proofed Comments

(Y/N) (Y/N) (Y/N)

Memo

Data Summary Tables

IORDA Form

Worksheets

PE Scores

Field Notes

CSF Audit

DQO Summary Form

L99-375.019
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TRC SOP No. 020
Version 4.0

June2,2000
Page 2 of 3

2.0 PROCEDURES

Equipment and procedures for sampling two types of sampling are described below, including

" Shallow (up to 6-feet deep); and

* Deep (more than 6-feeet deep).

2.1 Shallow (Up to 6-Feet Deep)

" Select sampling locations based on soil data and existing monitoring data.

* Penetrate soil to desired depth. A steel rod 2 to %-inch diameter and a heavy hammer are
sufficient. A bar punch equipped with insulated handles is better for numerous holes. It is a
small, hand operated pile driver with a sliding weight on the top. Hand augers may also be
used.

" Insert inert (e.g., Teflon) tubing to bottom of hole. Tubing may be weighted or attached to a
small diameter stick to assure that it gets to the bottom of the hole. Tubing should be
perforated along bottom few inches to assure gas flow.

* Close top of hole around tubing using a gas impervious seal.

" Readings may be taken immediately after making the barhole.

" Attach meter or sampling pump and evacuate hold of air-diluted gases before recording gas
concentrations or taking samples.

" When using a portable meter, begin with the most sensitive range (0-100 percent by volume
of the lower explosive limit (LEL) for methane). If meter is pegged, change to the next
least sensitive range to determine actual gas concentration.

* Tubing shall be marked, sealed, and protected if sampling will be done later.

* If results are erratic the hole should be plugged and further readings taken a few minutes
later.

" Detail in logbook the sample location, ID, and time. The TRC Soil Vapor Survey Summary
Forn (Attachment A and B) should be used to record:

- Instrument(s) used and calibration procedure

L2000-181 SOP No 020
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- Sample ID and depth
- Description of soil cover
- Reading or measurement

* Monitoring should be repeated a day or two after probe installation to verify re

.2 Deep (More Than 6-Feet Deep)

" Same general procedures as above.

* Use portable power augers or truck-mounted augers.

* For permanent monitoring points, use rigid tubing (e.g., Teflon).

* Detail in logbook the sample location, ID, and time. The TRC Soil Vapor Sun
Form (Attachment A and B) should be used to record:

- Instrument(s) used and calibration procedure
- Sample ID and depth
- Description of soil cover
- Reading or measurement

CAUTION

" When using hand powered equipment, stop if any unusually high resistance is x
resistance could be from a gas pipe or an electrical cable.

* Before using powered equipment, confirm that there are no underground utilitii
location(s) selected.

0 Use non-sparking equipment and procedures and monitor for methane explosivre limits.

L2000-181 SOP No 020
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APPENDIX A

AIR MONITORING FORM
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AIR MONITORING RECORD

Date:Project:

Technician performing monitoring:

Instrument Data

Instrument No. Type & Model Serial No.

1
2
3

Field Calibration Data

Instrument Calibration Calibration Verification Verification Verification

No. Gas & Cone. Time Time Time Time

1
2
3

Air Monitoring Data

Time Instrument No.-Type Concentration Notes

L2000-182 Rev. I
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TAILGATE SAFETY MEETING FORM
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Date:_

Client:_

Site Location:-

Scope of Work:

FIELD SAFETY MEETING FORM

Time: Job Number:

Address:

Safety Tooics Presented

Protective Clothing/Equipment:

Chemical Hazard

Physical Hazard:

Special Equipment:

Other:

Emergency Procedures:

Hospital Address and Route:

Attendance Record

Names:

L2000-182 Rev. 1
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-A- rAm 401-C11 A r aJW LO A AkuAL ^At r.reW N L - /DLrA.' 1LNT FK

600 WASHINGTON STREET, BOSTON, MASSACHUSETTS 03111

EMPLOYER'S FIRST REPORT OF INJURY
(To be tied only for those injuries resulting in five lost work days.)

Please print ortype legibly. Incorrect illegible or Incomplete forrns win be returned
L EMPLOYEE 1- Name . socls ey Nun FQROFFICEUSE

DATA 0.... .~. -'~.''DONQTWRITE IN
3. Home Address p4O. & Sr City State. Zip Cod).HmTel. *.

. MaritaelS Se 7. Date of Sirt 9MDO/if)l.. & No. of Dependents
Ohnle DMrred D Male D Female '-'* -*-

Ba. Regular Occupon 9b. Occupaton when knured mo dffen B. No.u t days on non-regular job when

ft Nowkinlnin rerpcI~ 11. If a Avenile. was an eployment date or permit on me?
Iyr 11.... D D Yet D No

IL EMPLOYER 12. EmployerName .. ,. - 12. E.I.WcUMBER
DATA - .E

14. Of&*e Addres 940. & Street City. Stat. Zip Caoe - - IL-5 Telephone 0

V
I. Name and Address of Insurance Company (not ageng provding your Womr' Compensation Coveasge

17. Nasre of BtiSnUSs or AdM MnfturlAed- 1s. 1 Idfty (SZC) Code .. - . .

UL EMPLOYEE 16. PIece or Hourly Wrer 20. Hourly Wage 21. Heus wared 22. Days wored
WAGE DATA Q Piece D Hourly S. perday.. w week.

23. Provide esdmad value of meats lumiahed te employee sach week and 24. Gross Aver. Weeldy Waga
essmated weeldy value of any oding.t fuel.et fmmied: 5. .....

IV. OCCUPATIONAL INJURY 25. DaduoIrWi 9AM/DO/YY 2. was Injured paid in tsor ti day
OR ILLNESS DATA ' . * E yes E3 o

27. Date Disantiy bfgan 28. Dme of FiSh Work Oay .oL 2. dMaed ength o D ay in sys
(MM/DDW ) *d(MMDdaya

30. h4ury Type Code - 31. Pdary Body Pt Code.. 3 Code

33. Olher injury descriptors (Check al hW apply)
a. bjury direc result of a single socident
b. Injury resulted from uwulave conion
c. "nur represents a chroIo/recurrin disease .Q]
t Injury resulted rm ioxic/hazardous uance C

34. Adrs or Locafon where injury/iness occurred 35. On em ployer's 36. Empl0oes Dpn

OYes QINo-
3?. if injured has returned to wont

a. Date of Return (MM/DDfYY) b. Weeldy Wage £ -. At what occupation?

38. To Whom and when was inury/Illness reporte? 39. If 1ijured has died (MM/DD/YY
enter date of dam / 1 -1

AZ Name and Address of Winesser

41. Name and Afres of Physicimn 42. Name and Address of Hospital

V. ACCIDENT 43. Desete fully how accideMlnjwy occurred.
INFORMATION

eneamyTide -Otte

lease file Ongnal wit the D.LA. copies to both insurer and employee within five days, excluding Sundays and holdays. ftrom date In box 02L Pal
;!r:y wir re0crtng re.u:remerts may resut in a line. Itury Type and Body Part codes are listed on eIv
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PERSONAL ACKNOWLEDGEMENT

A component of the Health and Safety Plan (HASP), designed to provide personnel safety during
this subsurface investigation requires that you receive training as described in the HASP (Section
8) prior to working at the site. Additionally, you are required to read and understand the HASP.
When you have fulfilled these requirements, please sign and date this personal
acknowledgement:

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Name (Printed)

Signature

Signature

Signature

Signature

Signature

Signature

Signature

Date

Date

Date

Date

Date

Date

Date

Date

Date

Signature

Signature

Signature Date

L2000-182

0

0

Name (Printed)
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ToxFAQs

Stoddard Solvent
CAS# 8052-41-3

September 1996

Stoddard Solvent
There is no molecular representation since this substance
is a mixture of many compounds.

N E KAY

Agency for Toxic Substances and Disease Registry

This fact sheet answers the most frequently asked health questions about Stoddard solvent. For
more information, you may call the ATSDR Information Center at 1-800-447-1544. This fact sheet
is one in a series of summaries about hazardous substances and their health effects. This
information is important because this substance may harm you The effects of exposure to any
hazardous substance depend on the dose, the duration, how you are exposed, personal tmits and
habits, and whether other chemicals are present

SUMMARY; Exposure to Stoddard solvent occurs mainly in the workplace. People
who breathe Stoddard solvent can experience headaches; dizziness; and eye, skin, or
throat irritation. This substance has been found in at least 7 of the 1,430 National
Priorities List Sites identified by the Environmental Protection Agency (EPA).

What is Stoddard solvent?
(Pronounced stod'ard sol'vent)

Stoddard solvent is a colorless, flammable liquid that smells and tastes like kerosene. It will turn into
a vapor at temperatures of 150-200 * C.

Stoddard solvent is a petroleum mixture that is also known as dry cleaning safety solvent, petroleum
solvent, and vamoline; its registered trade names are Texsolve S@ and Varsol 1. It is a chemical

0
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mixture that is similar to white spirits.

Stoddard solvent is used as a paint thinner; in some types of photocopier toners, printing inks, and
adhesives; as a dry cleaning solvent; and as a general cleaner and degreaser.

Use of trade names is for identification only and does not imply endorsement by the Agency for
Toxic Substances and Disease Registry (ATSDR), the Public Health Service, or the U.S. Department
of Health and Human Services (DHHS).

What happens to Stoddard solvent when it enters the environment?

Because Stoddard solvent is a mixture of many chemicals, these chemicals may react differently in
the environment. Some of these chemicals can:

* be broken down by sunlight or other chemicals in the air,
* attach to particles in soil or water
e sink down to the sediment in water and
* be broken down by microorganisms in water, soil, or sediment.

It is not known. whether Stoddard solvent will build up in plants or animals living in contaminated
soil or water, but some of the chemicals that make up Stoddard solvent might build up in these
situations.

How might I be exposed to Stoddard solvent?

* 'Using products containing Stoddard solvent such as a paint or paint thinner, and breathing the
vapors, or getting the vapors in your eyes

* Breathing contaminated air where Stoddard solvent is manufactured, used, or spilled
" Breathing contaminated air at or near hazardous waste sites
" Drinking or bathing in contaminated water
" Ingesting contaminated soil or water near waste sites containing Stoddard solvent
" Touching contaminated soil or water

How can Stoddard solvent affect my health?

Animal testing is sometimes necessary to find out how toxic substances might harm people or to treat
those who have been exposed. Laws today protect the welfare of research animals and scientists must
follow strict guidelines.

Most of the information on the health effects of Stoddard solvent comes from studies in which it is
breathed; there are fewer studies of exposure to the eyes or skin.

Exposure to Stoddard solvent in the air can affect your nervous system and cause dizziness,
headaches, or a prolonged reaction time. It can also cause eye, skin, or throat irritation.

Rats, cats, and dogs that breathed in large -amounts of Stoddard solvent for several hours suffered
seizures. Breathing Stoddard solvent has caused bronchitis in guinea pigs, but neither seizures nor
bronchitis has been reported when humans breathed it. The effects of swallowing Stoddard solvent
are not known.-



It is not known whether Stoddard solvent can cause birth defects or affect reproduction.

How likely Is Stoddard solvent to cause cancer?

The International Agency for Research on Cancer (IARC) has determined that Stoddard solvent is
not classifiable as to its carcinogenicity to humans.

Very few studies have been located that study the carcinogenic effects of Stoddard solvent in humans
or animals.

Is there a medical test to show whether I've been exposed to Stoddard solvent?

There is no routinely used test to show whether you have been exposed to Stoddard solvent. Because
Stoddard solvent is a mixture of many chemicals, some of these chemicals can be detected in your
breath, blood, urine, and fat. However, the tests cannot tell you if you have been exposed to the.
specific mixture of chemicals found in Stoddard solvent. They also cannot tell whether you will
suffer any health effects.

Has the federal government made recommendations to protect human health?

The Occupational Safety and Health Administration (OSHA) has set a maximum exposure limit
of 500 parts of Stoddard solvent per 1 million parts of air (500 ppm) for an 8-hour workday, 40-hour
workweek.

The National Institute for Occupational Safety and Health (NIOSH) recommends that the
average workplace air levels not be more than 60 ppm in workplace air for a 10-hour workday, 40-
hour workweek.

Glossary

Carcinogenicity:
Ability to cause cancer

CAS:
Chemical Abstracts Service

Ingesting:
Taking food or drink into your body

PPM:
- Parts per million

Sediment:
Mud and debris that have settled at the bottom of a body of water

Reference

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profile for
Stoddard solvent. Atlanta, GA: U.S. Department of Health and Human Services, Public Health
Service.

Where can I get more Information?



ATSDR can tell you where to find occupational and environmental health clinics. Their specialists
can recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances. You can
also contact your community or state health or environmental quality department if you have any
more questions or concerns.

For more information, contact

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 30333
Phone: 1-800-447-1544
Fax: 404-639-6359

.5. Department of Health and Human Services
Public Health Service
Agency for Toxic Substances and Disease Registry

Link to ToxFAQs Home Page

Link to ATSDR Science Comer

Link to ATSDR Home Page

ATSDR Information Center IATSDRIC@cdc.gov /1-800447-1544
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STODDARiD SOLVENT

MSDS Number: 56588 -- Effective Date: 12108196

1. Product Identification

Synonyms: White spirits; Mineral spirits type I; Petroleum distillate
CAS No.: 805241-3
Molecular Weight: Not applicable to mixtures.
Chemical Formula: >65% C1O or higher hydrocarbons
Product Codes: V1 10

2. Composition/Information on Ingredients

Ingredient CAS No Percent Hazardous
----------------------------------------------------- ------------ ------- ---------

Stoddard Solvent 8052-41-3 98 --100% Yes

3. Hazards Identification

Emergency Overview

DANGER! HARMFUL OR FATAL IF SWALLOWED. AFFECTS CENTRAL
NERVOUS SYSTEM. MAY AFFECT KIDNEYS. FLAMMABLE LIQUID AND
VAPOR. HARMFUL IF INHALED. CAUSES IRRITATION TO SKIN, EYES
AND RESPIRATORY TRACT.

J.T. Baker SAF-T-DATAR) Ratings (Provided here for your convenience)



Health Rating: 1 - Slight
Flammability Rating: 2 - Moderate
Reactivity Rating: 0 - None
Contact Rating: 1 - Slight
Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES;
CLASS
Storage Color Code: Red (Flammable)

Potential Health Effects

Inhalation:
Effects are typically those of most hydrocarbons, dizziness and euphoria leading to
unconsciousness in severe cases. Vapors also irritate the respiratory tract. Symptoms may
include coughing, difficult breathing and chest pain. A central nervous system
depressant.

Ingestion:
Fatal dose for humans estimated at 3-4 oz, but ingestion of much smaller amounts may
cause lung edema and possible death because of aspiration into lungs.

Skin Contact:
The defatting action of this solvent may lead to soreness, inflammation and, possibly,
dermatitis.

Eye Contact:
Vapors may be irritating at concentrations of 450 ppm and above (15 minutes exposure)
and contact with the liquid solvent can be painful and possibly damaging to eye tissues.

Chronic Exposure:
Chronic exposure may lead to central nervous system complications, blood changes
(aplastic anemia, a rare occurrence that is potentially fatal), and dermatitis. Animal
studies have indicated the potential for liver and kidney damage.

Aggravation of Pre-existing Conditions:
Persons with pre-existing skin disorders or eye problems or impaired kidney function
may be more susceptible to the effects of the substance.

4. First Aid Measures

Inhalation:
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Get medical attention.

Ingestion:



Aspiration hazard. If swallowed, vomiting may occur spontaneously, but DO NOT
INDUCE. If vomiting occurs, keep head below hips to prevent aspiration into lungs.
Never. give anything by mouth to an unconscious person. Call a physician immediately.

* Skin Contact:
Immediately flush skin with plenty of soap and water for at least 15 minutes. Remove

contaminated clothing and shoes. Get medical attention. Wash clothing before reuse.

Thoroughly clean shoes before reuse.

Eye Contact:
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and

upper eyelids occasionally. Get medical attention immediately.

5. Fire Fighting Measures

Flash point: 38C (100F) CC Autoignition temperature: 232 - 260C (450 - 500F)
Flammable limits in air % by volume: lel: 0.8; uel: ca. 6 Flammable. This liquid is near

its lower flammability limit at roontempeture. Flash point may range between 38-40
C. Contact with strong oxidizers may cause fire.

Explosion:
Above flash point, vapor-air mixtures are explosive within flammable limits noted
above. Sealed containers may rupture when heated. Sensitive to static discharge.

Fire Extinguishing Media:
Water spray, dry chemical, alcohol foam, or carbon dioxide. Direct stream of water can

scatter and spread flames.

Special Information:
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained
breathing apparatus with full facepiece operated in the pressure demand or other positive

pressure mode. Water spray may be used to keep fire exposed containers cool.

6. Accidental Release Measures

Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal

protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary
and unprotected personnel from entering. Contain and recover liquid when possible. Use

non-sparking tools and equipment. Collect liquid in an appropriate container or absorb
with an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials, such as saw dust. Do not flush to sewer! If a
leak or spill has not ignited, use water spray to disperse the vapors, to protect personnel
attempting to stop leak, and to flush spills away from exposures. J. T. Baker
SOLUSORB(tm) solvent adsorbent is recommended for spills of this product.



7. Handling and Storage

Protect against physical damage. Store in a cool, dry well-ventilated location, away from
any area where the fire hazard may be acute. Outside or detached storage is preferred.
Separate from incompatibles. Containers should be bonded and grounded for transfers to
avoid static sparks. Storage and use areas should be No Smoking areas. Use non-
sparking type tools and equipment, including explosion proof ventilation. Containers of
this material may be hazardous when empty since they retain product residues (vapors,
liquid); observe all warnings and precautions listed for the product. Do Not attempt to
clean empty containers since residue is difficult to remove. Do not pressurize, cut, weld,
braze, solder, drill, grind or expose such containers to heat, sparks, flame, static
electricity or other sources of ignition: they may explode and cause injury or death.

8. Exposure Controls/Personal Protection

Airborne Exposure Limits:
-OSHA Permissible Exposure Limit (PEL): 500 ppm (TWA) -ACGIH Threshold Limit
Value (TLV): 100 ppm (TWA)

Ventilation System:
A system of local and/or general exhaust is recommended to keep employee exposures
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred
because it can control the emissions of the contaminant at its source, preventing
dispersion of it into the general work area. Please refer to the ACGIH document
Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for
details. Use explosion-proof equipment.

Personal Respirators (NIOSH Approved):
If the exposure limit is exceeded, a half-face organic vapor respirator may be worn for up
to ten times the exposure limit or the maximum use concentration specified by the
appropriate regulatory agency or respirator supplier, whichever is lowest. A full-face
piece organic vapor respirator may be worn up to 50 times the exposure limit or the
maximum use concentration specified by the appropriate regulatory agency or respirator
supplier, whichever is lowest. For emergencies or instances where the exposure levels
are not known, use a full-face piece positive-pressure, air-supplied respirator.
WARNING: Air-purifying respirators do not protect workers in oxygen-deficient
atmospheres.

Skin Protection:
Rubber or neoprene gloves and additional protection including impervious boots, apron,
or coveralls, as needed in areas of unusual exposure.

Eye Protection:
Use chemical safety goggles and/or a full face shield where splashing is possible.
Maintain eye wash fountain and quick-drench facilities in work area.



9. Physical and Chemical Properties

Appearance:
Clear, colorless liquid.

Odor:
Kerosene-like.

Solubility:
Insoluble in water.

Density:
0.79

pH:
No information found.

% Voiatiles by volume @ 21C (70F):
100

Boiling Point:
156 - 202C (313 - 396F)

Melting Point:
No information found.

Vapor Density (Afr=1):
4.8

Vapor Pressure (mm Hg):
ca. 5 0 25C (77F)

Evaporation Rate (BuAc=1):
ca. 0.08

10. Stability and Reactivity

Stability:
Stable under ordinary conditions of use and storage.

Hazardous Decomposition Products:
Carbon dioxide and carbon monoxide may form when heated to decomposition.

Hazardous Polymerization:
Will not occur.



Incompatibilities:
Strong acids, strong oxidizers.

Conditions to Avoid:
Heat, flames, ignition sources and incompatibles.

11. Toxicological Information

No LD50/LC50 information found relating to normal routes of occupational exposure.
Investigated as a tumorigen.

------ \Cancer Lists\------------------------------------------------------
--- NTP Carcinogen---

Ingredient Known Anticipated IARC Category
- - -- - - -- ---- - -- - -- - - - - - - - - - - -- - - - - - - - ------- - - -

Stoddard Solvent (8052-41-3) No NO None

12. Ecological Information

Environmental Fate:
No information found.

Environmental Toxicity:
No information found.

13. Disposal Considerations

Whatever cannot be saved for recovery or recycling should be handled as hazardous
waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste
facility. Processing, use or contamination of this product may change the waste
management options. State and local disposal regulations may differ from federal
disposal regulations. Dispose of container and unused contents in accordance with
federal, state and local requirements.

14. Transport Information

Domestic (Land, D.O.T.)

Proper Shipping Name: PETROLEUM DISTILLATES, N.O.S. (STODDARD
SOLVENT)
Hazard Class: 3



UN/NA: UN1268
Packing Group: mI
Information reported for product/size: 20L

International (Water, LM.O.)

Proper Shipping Name: PETROLEUM DISTILLATES, N.O.S. (STODDARD
SOLVENT)
Hazard Class: 3.3
UN/NA: UN1268
Packing Group: M
Information reported for product/size: 20L

15. Regulatory Information

-------- \Chemical Inventory Status - Part 1\---------------------------------
Ingredient TSCA EC Japan Australia

Stoddard Solvent (805'2-41-3) Yes .Yes No Yes

--------- \hemical Inventory Status - Part 2\--------------------------------
-- Canada--

Ingredient Korea DSL NDSL Phil.

Stoddard Solvent (8052-41-3) Yes Yes No Yes

-------- \Pederal, State & International Regulations - Part 1\----------------
-SARA 302- ------ SARA 313------

Ingredient RQ TPQ List Chemical Catg.

Stoddard Solvent (8052-41-3) No No No No

------- \Federal, State & International Regulations - Part 2\----------------
-RCRA- -TSCA-

Ingredient CERCLA 261.33 8(d)

Stoddard Solvent (8052-41-3) No No No

Chemical Weapons Convention: No TSCA 12(b): No CDTA: No
SARA 311/312: Acute: Yes Chronic: Yes Fire: Yes Pressure? No
Reactivity: No (Pure / Liquid)

Australian Hazchem Code: 3[Y]E
Poison Schedule: S5

WHMIS:
This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.



16. Other Information

NFPA Ratings: Health: 3 Flammability: 2 Reactivity: 0

Label Hazard Warning:
DANGER! HARMFUL OR FATAL IF SWALLOWED. AFFEC1'S CENTRAL
NERVOUS SYSTEM. MAY AFFECT KIDNEYS. FLAMMABLE LIQUID AND
VAPOR. HARMFUL IF INHALED. CAUSES IRRITATION TO SKIN, EYES AND
RESPIRATORY TRACT.

Label Precautions:
Keep away from heat, sparks and flame. Avoid breathing vapor. Keep container closed.
Use only with adequate ventilation. Wash thoroughly after handling. Avoid contact with
eyes, skin and clothing.

Label First Aid:
Aspiration hazard. If swallowed, vomiting may occur spontaneously, but DO NOT
INDUCE. If vomiting occurs, keep head below hips to prevent aspiration into lungs.
Never give anything by mouth to an unconscious person. Call a physician immediately. If
inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen. Get medical attention. In case of contact, immediately flush eyes
or skin with plenty of water for at least 15 minutes. Remove contaminated clothing and
shoes. Wash clothing before reuse. Get medical attention.

Product Use:
Laboratory Reagent.

Revision Information:
Pure. New 16 section MSDS format, all sections have been revised.

Disclaimer:

Malllnckrodt Baker, Inc. provides the information contained herein in good faith
but makes no representation as to its comprehensiveness or accuracy. This
document is Intended only as a guide to the appropriate precautionary handling of
the material by a properly trained person using this product. Individuals receiving
the Information must exercise their independent judgment in determining its
appropriateness for a particular purpose. MALLINCKRODT BAKER, INC.
MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR
IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH
RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE
PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY,
MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR
DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS
INFORMATION.

Prepared by: Strategic Services Division
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1926.651 Specific Excavation Requirements (Integrated)

* II W E NDER Federal and State Regulations, April 2000

Hide Document Profile j Previous in Jurisdiction j Next in Jurisdiction

Citation: Title 29, Part 1926
Jurisdiction: Federal Document Date: August 9, 1994 Page Count: 4

Section Title: 1926.651 Specific Excavation Requirements (Integrated)
Subject health & safety, employee, inspection, design, safety, construction, operating,
Terms: compliance
Source: Integrated Document

§ 1926.651 Specific excavation requirements.

(a) Surface encumbrances. All surface encumbrances that are located so as to create a hazard to
employees shall be removed or supported, as necessary, to safeguard employees.
(b) Underground installations.
(1) Walkways shall be provided where employees or equipment are required or permitted to cross over
excavations. Guardrails which comply with § 1926.502(b) shall be provided where walkways are 6 feet
(1.8 m) or more above lower levels.
(2) Utility companies or owners shall be contacted within established or customary local response times,
advised of the proposed work, and asked to establish the location of the utility underground installations
prior to the start of actual excavation. When utility companies or owners cannot respond to a request to
locate underground utility installations within 24 hours (unless a longer period is required by state or local
law), or cannot establish the exact location of these installations, the employer may proceed, provided the
employer does so with caution, and provided detection equipment or other acceptable means to locate
utility installations are used,
(3) When excavation operations approach the estimated location of underground installations, the exact
location of the installations shall be determined by safe and acceptable means.
(4) While the excavation is open, underground installations shall be protected, supported or removed as
necessary to safeguard employees.
(c) Access and egress --
(1) Structural ramps.
(i) 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.
(ii) Ramps and runways constructed of two or more structural members shall have the structural members
connected together to prevent displacement.

* (iii) Structural members used for ramps and runways shall be of uniform thickness.
(iv) Cleats or other appropriate means used to connect runway structural members shall be attached to the
bottom of the runway or shall be attached in a manner to prevent tripping.

http://www.ihsenv.com/products.c.. /docview.cgi?where=(ft cid%3 dl4827)&cp=1&r date=20000
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1926.651 Specific Excavation Requirements (Integrated) Page 2 of 4

(v) Structural ramps used in lieu of steps shall be provided with cleats or other surface treatments on the
top surface to prevent slipping.
(2) Means of egress from trench excavations. A stairway, ladder, ramp or other safe means of egress shall
be located in trench excavations that are 4 feet (1.22 m) or more in depth so as to require no more than 25
feet (7.62 m) of lateral travel for employees.
(d) Exposure to vehicular traffic. Employees exposed to public vehicular traffic shall be provided with,
and shall wear, warning vests or other suitable garments marked with or made of reflectorized or high-
visibility material.
(e) Exposure to falling loads. No employee shall be permitted underneath loads handled by lifting or

digging equipment. Employees shall be required to stand away from any vehicle being loaded or unloaded
to avoid being struck by any spillage or falling materials. Operators may remain in the cabs of vehicles

being loaded or unloaded when the vehicles are equipped, in accordance with § 1926.601(b)(6), to
provide adequate protection for the operator during loading and unloading operations.

(f) Warning system for mobile equipment. When mobile equipment is operated adjacent to an excavation,
or when such equipment is required to approach the edge of an excavation, and the operator does not
have a clear and direct view of the edge of the excavation, a warning system shall be utilized such as
barricades, hand or mechanical signals, or stop logs. If possible, the grade shall be away from the
excavation.
(g) Hazardous atmospheres --
(1) Testing and controls. In addition to the requirements set forth in subparts D and E of this part (29
CFR 1926.50 - 1926:107) to prevent exposure to harmful levels of atmospheric contaminants and to
assure acceptable atmospheric conditions, the following requirements shall apply:
(i) Where oxygen deficiency (atmospheres containing less than 19.5 percent oxygen) or -a hazardous
atmosphere exists or could reasonably be expected to exist, such as in excavations in landfill areas or

* excavations in areas where hazardous substances are stored nearby, the atmospheres in the excavation
shall be tested before employees enter excavations greater than 4 feet (1.22 m) in depth.
(ii) Adequate precautions shall be taken to prevent employee exposure to atmospheres containing less
than 19.5 percent oxygen and other hazardous atmospheres. These precautions include providing proper
respiratory protection or ventilation in accordance with subparts D and E of this part respectively.
(iii) Adequate precaution shall be taken such as providing ventilation, to prevent employee exposure to an
atmosphere containing a concentration of a flammable gas in excess of 20 percent of the lower flammable
limit of the gas.
(iv) When controls are used that are intended to reduce the level of atmospheric contaminants to
acceptable levels, testing shall be conducted as often as necessary to ensure that the atmosphere remains
safe.
(2) Emergency rescue equipment.
(i) Emergency rescue equipment, such as breathing apparatus, a safety harness and line, or a basket
stretcher, shall be readily available where hazardous atmospheric conditions exist or may reasonably be
expected to develop during work in an excavation. This equipment shall be attended when in use.
(ii) Employees entering bell-bottom pier holes, or other similar deep and confined footing excavations,
shall wear a harness with a life-line securely attached to it. The lifeline shall be separate from any line used
to handle materials, and shall be individually attended at all times while the employee wearing the lifeline is
in the excavation.
(h) Protection from hazards associated with water accumulation.
(1) Employees shall not work in excavations in which there is accumulated water, or in excavations in
which water is accumulating, unless adequate precautions have been taken to protect employees against

* the hazards posed by water accumulation. The precautions necessary to protect employees adequately
vary with each situation, but could include special support or shield systems to protect from cave-ins,
water removal to control the level of accumulating water, or use of a safety harness and lifeline.
(2) If water is controlled or prevented from accumulating by the use of water removal equipment, the

http://www.ihsenv.com/products.c.../docview.cgi?where=(ftcid%3d14827)&cp=1&rdate=20000 5/31/00



1926.651 Specific Excavation Requirements (Integrated)

water removal equipment and operations shall be monitored by a competent person to ensure proper
operation.
(3) If excavation work interrupts the natural drainage of surface water (such as streams), diversion
ditches, dikes, or other suitable means shall be used to prevent surface water from entering the excavation
and to provide adequate drainage of the area adjacent to the excavation. Excavations subject to runoff
from heavy rains will require an inspection by a competent person and compliance with paragraphs (h)(1)
and (h)(2) of this section.
(i) Stability of adjacent structures.
(1) Where the stability of adjoining buildings, walls, or other structures is endangered by excavation
operations, support systems such as shoring, bracing, or underpinning shall be provided to ensure the
stability of such structures for the protection of employees.
(2) Excavation below the level of the base or footing of any foundation or retaining wall that could be
reasonably expected to pose a hazard to employees shall not be permitted except when:
(i) A support system, such as underpinning, is provided to ensure the safety of employees and the stability
of the structure; or
(ii) The excavation is in stable rock; or
(iii) A registered professional engineer has approved the determination that the structure is sufficiently
removed from the excavation so as to be unaffected by the excavation activity; or
(iv) A registered professional engineer has approved the determination that such excavation work will not
pose a hazard to employees.
(3) Sidewalks, pavements, and appurtenant structure shall not be undermined unless a support system or
another method of protection is provided to protect employees from the possible collapse of such
structures.
(j) Protection of employees from loose rock or soil.

* (1) Adequate protection shall be provided to protect employees from loose rock or soil that could pose a
hazard by falling or rolling from an excavation face. Such protection shall consist of scaling to remove
loose material; installation of protective barricades at intervals as necessary on the face to stop and contain
falling material; or other means that provide equivalent protection.
(2) Employees shall be protected from excavated or other materials or equipment that could pose a hazard
by falling or rolling into excavations. Protection shall be provided by placing and keeping Such materials
or equipment at least 2 feet (.61 m) from the edge of excavations, or by the use of retaining devices that
are sufficient to prevent materials or equipment from falling or rolling into excavations, or by a
combination of both if necessary.
(k) Inspections.
(1) Daily inspections of excavations, the adjacent areas, and protective systems shall be made by a
competent person for evidence of a situation that could result in possible cave-ins, indications of failure of
protective systems, hazardous atmospheres, or other hazardous conditions. An inspection shall be
conducted by the competent person prior to the start of work and as needed throughout the shift.
Inspections shall also be made after every rainstorm or other hazard increasing occurrence. These
inspections are only required when employee exposure can be reasonably anticipated.
(2) Where the competent person finds evidence of a situation that could result in a possible cave-in,
indications of failure of protective systems, hazardous conditions, exposed employees shall be removed
from the hazardous area until the necessary precautions have been taken to ensure their safety.
(1) Fall protection.
(1) Where employees or equipment are required or permitted to cross over excavations, walkways or
bridges with standard guardrails shall be provided.

* (2) Adequate barrier physical protection shall be provided at all remotely located excavations. All wells,
pits, shafts, etc., shall be barricaded or covered. Upon completion of exploration and similar operations,
temporary wells, pits, shafts, etc., shall be backfilled.

http://www.ihsenv.com/products.c.. ./docview.cgi?where=(ftcid%3 dl4827)&cp=1&r date=20000 5/31/00
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§ 1926.652 Requirements for protective systems.

(a) Protection of employees in excavations.
(1) Each employee in an excavation shall be protected from cave-ins by an adequate protective system
designed in accordance with paragraph (b) or (c) of this section except when:
(1) Excavations are made entirely in stable rock; or
(ii) Excavations are less than 5 feet (1.52 m) in depth and examination of the ground by a competent
person provides no indication of a potential cave-in.
(2) Protective systems shall have the capacity to resist without failure all loads that are intended or could
reasonably be expected to be applied or transmitted to the system.
(b) Design of sloping and benching systems. The slopes and configurations of sloping and benching
systems shall be selected and constructed by the employer or his designee and shall be in accordance with
the requirements of paragraph (b)(1); or, in the alternative, paragraph (b)(2); or, in the alternative,
paragraph (b)(3), or, in the alternative, paragraph (b)(4), as follows:
(1) Option (1) -- Allowable configurations and slopes.
(i) Excavations shall be sloped at an angle not steeper than one and one-half horizontal to one vertical (34

degrees measured from the horizontal), unless the employer uses one of the other options listed below.
(ii) Slopes specified in paragraph (b)(1)(i) of this section, shall be excavated to form configurations that
are in accordance with the slopes shown for Type C soil in Appendix B to this subpart.
(2) Option (2) -- Determination of slopes and configurations using Appendices A and B. Maximum
allowable slopes, and allowable configurations for sloping and benching systems, shall be determined in
accordance with the conditions and requirements set forth in appendices A and B to this subpart.
(3) Option (3) -- Designs using other tabulated data.
(i) Designs of sloping or benching systems shall be selected from and be in accordance with tabulated
data, such as tables and charts.
(ii) The tabulated data shall be in written form and shall include all of the following:
(A) Identification of the parameters that affect the selection of a sloping or benching system drawn from

* such data;
(B) Identification of the limits of use of the data, to include the magnitude and configuration of slopes
determined to be safe;
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(C) Explanatory information as may be necessary to aid the user in making a correct selection of a

protective system from the data.
(iii) At least one copy of the tabulated data which identifies the registered professional engineer who

approved the data, shall be maintained at the jobsite during construction of the protective system. After
that time the data may be stored off the j obsite, but a copy of the data shall be made available to the
Secretary upon request.
(4) Option (4) -- Design by a registered professional engineer.
(i) Sloping and benching systems not utilizing Option (1) or Option (2) or Option (3) under paragraph (b)
of this section shall be approved by a registered professional engineer.
(ii) Designs shall be in written form and shall include at lest the following:
(A) The magnitude of the slopes that were determined to be safe for the particular project;
(B) The configurations that were determined to be safe for the particular project; and
(C) The identity of the registered professional engineer approving the design.
(iii) At lest one copy of the design shall be maintained at the jobsite while the slope is being constructed.
After that time the design need not be at the jobsite, but a copy shall be made available to the Secretary
upon request.
(c) Design of support systems, shield systems, and other protective systems. Designs of support systems
shield systems, and other protective systems shall be selected and constructed by the employer or his

designee and shall be in accordance with the requirements of paragraph (c)(1); or, in the alternative,
paragraph (c)(2); or, in the alternative, paragraph (c)(3); or, in the alternative, paragraph (c)(4) as follows:

(1) Option (1) -- Designs using appendices A, C and D. Designs for timber shoring in trenches shall be
determined in accordance with the conditions and requirements set forth in appendices A and C to this

subpart. Designs for aluminum hydraulic shoring shall be in accordance with paragraph (c)(2) of this

section, but if manufacturer's tabulated data cannot be utilized, designs shall be in accordance with
* appendix D.

(2) Option (2) -- Designs Using Manufacturer's Tabulated Data.
(i) Design of support systems, shield systems, or other protective systems that are drawn from
manufacturer's tabulated data shall be in accordance with all specifications, recommendations, and
limitations issued or made by the manufacturer.
(ii) Deviation from the specifications, recommendations, and limitations issued or made by the
manufacturer shall only be allowed after the manufacturer issues specific written approval.
(iii) Manufacturer's specifications, recommendations, and limitations, and manufacturer's approval to
deviate from the specifications, recommendations, and limitations shall be in written form at the job site

during construction of the protective system. After that time this data may be stored off the jobsite, but a

copy shall be made available to the Secretary upon request.
(3) Option (3) -- Designs using other tabulated data.
(i) Designs of support systems, shield systems, or other protective systems shall be selected from and be in
accordance with tabulated data, such as tables and charts.
(ii) The tabulated data shall be in written form and include all of the following:
(A) Identification of the parameters that affect the selection of a protective system drawn from such data;
(B) Identification of the limits of use of the data;
(C) Explanatory information as may be necessary to aid the user in making a correct selection of a
protective system from the data.
(iii) At least one copy of the tabulated data, which identifies the registered professional engineer who
approved the data, shall be maintained at the jobsite during construction of the protective system. After

that time the data may be stored off the jobsite, but a copy of the data shall be made available to the
Secretary upon request.
(4) Option (4) -- Design by a registered professional engineer.
(i) Support systems, shield systems, and other protective systems not utilizing Option 1, Option 2 or
Option 3, above, shall be approved by a registered professional engineer.
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(ii) Designs shall be in written form and shall include the following:
(A) A plan indicating the sizes, types, and configurations of the materials to be used in the protective

* system; and
(B) The identity of the registered professional engineer approving the design.
(iii) At least one copy of the design shall be maintained at the jobsite during construction of the protective
system. After that time, the design may be stored off the jobsite, but a copy of the design shall be made
available to the Secretary upon request.
(d) Materials and equipment.
(1) Materials and equipment used for protective systems shall be free from damage or defects that might
impair their proper function.
(2) Manufactured materials and equipment used for protective systems shall be used and maintained in a
manner that is consistent with the recommendations of the manufacturer, and in a manner that will prevent
employee exposure to hazards.
(3) When material or equipment that is used for protective systems is damaged, a competent person shall
examine the material or equipment and evaluate its suitability for continued use. If the competent person
cannot assure the material or equipment is able to support the intended loads or is otherwise suitable for
safe use, then such material or equipment shall be removed from service, and shall be evaluated and
approved by a registered professional engineer before being returned to service.
(e) Installation and removal of support --
(1) General.
(i) Members of support systems shall be securely connected together to prevent sliding, falling, kickouts,
or other predictable failure.
(ii) Support systems shall be installed and removed in a manner that protects employees from cave-ins,
structural collapses, or from being struck by members of the support system.. (iii) Individual members of support systems shall not be subjected to loads exceeding those which those
members were designed to withstand.
(iv) Before temporary removal of individual members begins, additional precautions shall be taken to
ensure the safety of employees, such as installing other structural members to carry the loads imposed on
the support system.
(v) Removal shall begin at, and progress from, the bottom of the excavation. Members shall be released
slowly so as to note any indication of possible failure of the remaining members of the structure or
possible cave-in of the sides of the excavation.
(vi) Backfilling shall progress together with the removal of support systems from excavations.
(2) Additional requirements for support systems for trench excavations.
(i) Excavation of material to a level no greater than 2 feet (.61 m) below the bottom of the members of a
support system shall be permitted, but only if the system is designed to resist the forces calculated for the
full depth of the trench, and there are no indications while the trench is open of a possible loss of soil from
behind or below the bottom of the support system.
(ii) Installation of a support system shall be closely coordinated with the excavation of trenches.
(f) Sloping and benching systems. Employees shall not be permitted to work on the faces of sloped or
benched excavations at levels above other employees except when employees at the lower levels are
adequately protected from the hazard of falling, rolling, or sliding material or equipment.
(g) Shield systems --
(1) General.
(i) Shield systems shall not be subjected to loads exceeding those which the system was designed to
withstand.
(ii) Shields shall be installed in a manner to restrict lateral or other hazardous movement of the shield in
the event of the application of sudden lateral loads.
(iii) Employees shall be protected from the hazard of cave-ins when entering or exiting the areas protected
by shields.
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(iv) Employees shall not be allowed in shields when shields are being installed, removed, or moved
vertically.
(2) Additional requirement for shield systems used in trench excavations. Excavations of earth material to
a level not greater than 2 feet (.61 m) below the bottom of a shield shall be permitted, but only if the shield
is designed to resist the forces calculated for the full depth of the trench, and there are no indications while
the trench is open of a possible loss of soil from behind or below the bottom of the shield.
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Appendix A to Subpart P -- Soil Classification

(a) Scope and application --

(1) Scope. This appendix 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. The appendix

* contains definitions, sets forth requirements, and describes acceptable visual and manual tests for use in
classifying soils.
(2) Application. This appendix applies when a sloping or benching system is designed in accordance with
the requirements set forth in § 1926.652(b)(2) as a method of protection for employees from cave-ins.
This appendix also applies when timber shoring for excavations is designed as a method of protection
from cave-ins in accordance with appendix C to subpart P of part 1926, and when aluminum hydraulic
shoring is designed in accordance with appendix D. This Appendix also applies if other protective systems
are designed and selected for use from data prepared in accordance with the requirements set forth in §
1926.652(c), and the use of the data is predicated on the use of the soil classification system set forth in
this appendix.
(b) Definitions. The definitions and examples given below are based on, in whole or in part, the following:
American Society for Testing Materials (ASTM) Standards D653-85 and D2488; The Unified Soils
Classification System, The U.S. Department of Agriculture (USDA) Textural Classification Scheme; and
The National Bureau of Standards Report BSS-121.
"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 sideslopes, 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 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
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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.
"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 subpart, 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 environmental conditions of exposure.
"Stable rock" means natural solid mineral matter that can be excavated with vertical sides and remain
intact while exposed.
"Submerged soil" means soil which is underwater or is free seeping.
"Type A" means cohesive soils with an unconfined compressive strength of 1.5 ton per square foot (sf)
(144 kPa) 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:
(i) The soil is fissured; or
(ii) The soil is subject to vibration from heavy traffic, pile driving, or similar effects; or
(iii) The soil has been previously disturbed; or
(iv) 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 (4H: 1V) or greater; or
(v) The material is subject to other factors that would require it to be classified as a less stable material.
"Type B" means:
(i) Cohesive soil with an unconfined compressive strength greater than 0.5 tsf (48 kPa) but less than 1.5
tsf (144 kPa); or
(ii) 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.
(iii) Previously disturbed soils except those which would otherwise be classed as Type C soil.
(iv) Soil that meets the unconfined compressive strength or cementation requirements for Type A, but is
fissured or subject to vibration; or
(v) Dry rock that is not stable; or
(vi) 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 (4H: IV), but only if the material would otherwise be
classified as Type B.
"Type C" means:
(i) Cohesive soil with an unconfined compressive strength of 0.5 tsf (48 kPa) or less; or
(ii) Granular soils including gravel, sand, and loamy sand; or
(iii) Submerged soil or soil from which water is freely.seeping; or
(iv) Submerged rock that is not stable, or
(v) Material in a sloped, layered system where the layers dip into the excavation or a slope of four
horizontal to one vertical (4H: IV) or steeper.
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.
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"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.
(c) Requirements --
(1) Classification of soil and rock deposits. 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
paragraph (b) of this appendix.
(2) Basis of classification. The classification of the deposits shall be made based on the results of at least
one visual and at least one manual analysis. Such analyses shall be conducted by a competent person using
tests described in paragraph (d) 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.
(3) Visual and manual analyses. The visual and manual analyses, such as those noted as being acceptable
in paragraph (d) of this appendix, 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.
(4) Layered systems. In a layered system, the system shall be classified in accordance with its weakest
layer. However, each layer may be classified individually where a more stable layer lies under a less stable
layer.
(5) Reclassification. If, after classifying a deposit, the properties, factors, or conditions affecting its
classification change in any way, the changes shall be evaluated by a competent person. The deposit shall
be reclassified as necessary to reflect the changed circumstances.
(d) Acceptable visual and manual tests.
(1) Visual tests. 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.
(i) Observe 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.
(ii) Observe 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.
(iii) Observe the side of the opened 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.
(iv) Observe 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.
(v) Observe the opened 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.
(vi) Observe 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.
(vii) Observe 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.
(2) Manual tests. 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.
(i) 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,
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the soil is cohesive.
(ii) 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 unfissered.
(iii) Thumb penetration. The thumb penetration test can be used to estimate the unconfined compressive
strength of cohesive soils. (This test is based on the thumb penetration test described in American Society
for Testing and Materials (ASTM) Standard designation D2488 -- "Standard Recommended Practice for
Description of Soils (Visual - Manual Procedure).") 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.
(iv) 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 shear-vane.
(v) 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:
(A) If the sample develops cracks as it dries, significant fissures are indicated.
(B) 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 a unfissured
cohesive material and the unconfined compressive strength should be determined.
(C) 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.
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Appendix B to Subpart P -- Sloping and Benching

(a) Scope and application. This appendix contains specifications for sloping and benching when used as
methods of protecting employees working in excavations from cave-ins. The requirements of this
appendix apply when the design of sloping and benching protective systems is to be performed in
accordance with the requirements set forth in § 1926.652(b)(2).
(b) Definitions.
"Actual slope" means the slope to which an excavation face is excavated.
"Distress" means that the soil is in a condition where a cave-in is imminent or is likely to occur. Distress is
evidenced by such phenomena as the development of fissures in the face of or adjacent to an open
excavation; the subsidence of the edge of an excavation; the slumping of material from the face or the
bulging or heaving of material from the bottom of an excavation; the spalling of material from the face of
an excavation; and ravelling, i.e., small amounts of material such as pebbles or little clumps of material
suddenly separating from the face of an excavation and trickling or rolling down into the excavation.
"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.
(c) Requirements --
(1) Soil classification. Soil and rock deposits shall be classified in accordance with appendix A to subpart
P of part 1926.
(2) Maximum allowable slope. The maximum allowable slope for a soil or rock deposit shall be
determined from Table B-I of this appendix.
(3) Actual slope.
(i) The actual slope shall not be steeper than the maximum allowable slope.
(ii) The actual slope shall be less steep than the maximum allowable slope, when there are signs of
distress. If that situation occurs, the slope shall be cut back to an actual slope which is at least 1/12
horizontal to one vertical (1/2H: 1V) less steep than the maximum allowable slope.
(iii) When surcharge loads from stored material or equipment, operating equipment, or traffic are present,
a competent person shall determine the degree to which the actual slope must be reduced below the
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maximum allowable slope, and shall assure that such reduction is achieved. Surcharge loads from adjacent
structures shall be evaluated in accordance with § 1926.651(i).
(4) Configurations. Configurations of sloping and benching systems shall be in accordance with Figure B-

Table B-1. -- Maximum Allowable Slopes

Maximum Allowable Slopes (H:V) (1
Soil or Rock Type for Excavations less Than 20 Feet Deept3)

Stable Rock Vertical (90*)
Type A{2) 3/4:1 (53*)
Type B 1:1 (45*)
Type C 1-1/2:1 (34*)

{1} Numbers shown in parentheses next to maximum allowable slopes are angles expressed in degrees
from the horizontal. Angles have been rounded off.
{2) A short-term maximum allowable slope of 1/2H: lV (630) 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 shall be 3/4H: lV (53*).
{3} Sloping or benching for excavations greater than 20 feet deep shall be designed by a registered
professional engineer.

ENFLEX Note: For a copy of the following figures, please call the ENFLEX Hotline at (800)544-3118:
FIGURE B-1.1: EXCAVATIONS MADE IN TYPE A SOIL;
FIGURE B-1.2: EXCAVATIONS MADE IN TYPE B SOIL;
FIGURE B-1.3: EXCAVATIONS MADE IN TYPE C SOIL;
FIGURE B-.4: EXCAVATIONS MADE IN LAYERED SOILS.

.. .. .A. .
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All simple slope excavation 20 feet or less In depth shall have a maximum allowable slope

20' Max. A
3/4

e SMPLE SLOP-GN10AL

Exception: Simple elope excavations which are open 24 hours or less (short term) and which
-e 12 feet or less in depth shall have a maximum allowable slope of :1.

12' Max.

1/2

SIMPLB SLOPE-SHORT TEM

2. All benched excavations 20 feet or less in depth shall have a maximum a3lowable slope
bf % to 1 and maximum bench dimensions as follows:

A 1
3/420' Max.

/
sq
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20' Max.
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Max.
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4' Max.

a I

MUzME BENCE

3. All ebcavations feet or ler In depth whibc have unsupported vertically aided lower par-
tina shall have a maximum vertical side of 3% feet.

8' Max.

-I -
3/4

Max.

UNSUPPORTED VERTIALr SiED LowR PORTION-MADmwU a FEi N Dzm

All excavations more than 8 feet but not more than 12 feet In depth which unsupported
vertically aided lower portions shall have a mnaximum allowable slope of 1:1 and a maximum
vertical side of 3% feet.

LI
12' Max.

3k4' Max.
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4. All other simple slope, compound slope, and vertically sided lower portion excavations
shall be in accordance with the other options permitted under § 1926.62(b).

B-1.2 Excavations Made in Type B Soil -

1. All simple slope excavations 20 feet or less in depth shall have a maximum allowable
slope of 1:1.

5
I

SIMPLE SLOPE

2. All benched excavations 20 feet or less In depth shall have a maximum allowable slope
of 1:1 and maximum bench dimensions as follows:

385
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UNsUPPOR*E VERTICALLY SIDED LOWER PORTIoN-MAXMm 12 FEET IN DEPTH

All excavations 20 feet or less in depth which have vertically sided lower portions that am
supported or shielded shall have a maximum allowable slope of %:I. The support or shield sys-
rom nuat extend at least 18 inches above the top of the vertical side.

I

zZi
3/4

T 18" Min.

Total height of vertical side
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maximum

20' Max.
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This bench allowed in cohesive soil only.

20' Max

I
jo

This bench allowed in cohesive soil only

t

10

.4

.4.

20' Max.

,' Al
1

SE
F

MULTPLE BENOH

3. All excavationa 20 feet or less in depth which have vertically sided lower portions shall
be shielded or supported to a height at least 18 Inches above the top of the vertical aide. All
such excavations shall have a maximum allowable slope af 1:1.

Support or shield system

20' Max.

Total height of vertical side

VETICALLY SDED Lawan Poanow

4. All other sloped excavations shall be in accordance with the other options permitted in
I 1926.662(b).
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B-1.3 EXCAVATIONS MADE IN TYPE C SoIL

. All simple slope excavations 20 feet or less in depth shall have a maximum allowable
giope of iM:1.

zI

rtiona shall
cal aide. All

Lside

'aed In

SDEPLE SLOPE

2. All excavations 20 feet or less in depth which have vertically sided lower portions shall
be shielded or supported to a height at least 18 Inches above the top of the vertical side. All
snoh excavations shall have a maximum allowable slope of 1M:l.

Support or abield system

20' Max.

14

Total height of vertiral side

VERTICAL SwDE Low PORTION

S. All other sloped excavations shall be in accordance with the other options permitted in
11926.652(b).

B-1.4 Excavations Made In Layered Soils

1. All excavations 20 feet or less in depth made in layered soils shall have a maximum al-
lowable slope for each layer as set forth below,

387
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Appendix C to Subpart P Timber Shoring for Trenches (Integrated)

I I I IIIINHIEN. Federal and State Regulations, April 2000

O ATA BAa_ E jJf..R ISDtC TIO N S 5E ARGCH : CONT ENT S

Hide Document Profile |Previous in Jurisdiction Next in Jurisdiction

Citation: Title 29, Part 1926
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Section Title: Appendix C to Subpart P Timber Shoring for Trenches (Integrated)
Subject health & safety, employee, maintenance, design, safety, construction, operating,
Terms: compliance

Source: Integrated Document

Appendix C to Subpart P - Timber Shoring for Trenches

(a) Scope. This appendix contains information that can be used timber shoring is provided as a method of
protection from cave-ins in trenches that do not exceed 20 feet (6.1 m) in depth. This appendix must be
used when design of timber shoring protective systems is to be performed in accordance with § 1926.652
(c)(1). Other timber shoring configurations; other systems of support such as hydraulic and pneumatic
systems; and other protective systems such as sloping, benching, shielding, and freezing systems must be
designed in accordance with the requirements set forth in 4 1926.652(b) and § 1926.652(c).
(b) Soil Classification. In order to use the data presented in this appendix, the soil type or types in which
the excavation is made must first be determined using the soil classification method set forth in appendix
A of subpart P of this part.
(c) Presentation of Information. Information is presented in several forms as follows:
(1) Information is presented in tabular form in Tables C-1.1, C-1.2, and C-1.3, and Tables C-2.1, C-2.2
and C-2.3 following paragraph (g) of the appendix. Each table presents the minimum sizes of timber
members to use in a shoring system, and each table contains data only for the particular soil type in which
the excavation or portion of the excavation is made. The data are arranged to allow the user the flexibility
to select from among several acceptable configurations of members based on varying the horizontal
spacing of the crossbraces. Stable rock is exempt from shoring requirements and therefore, no data are
presented for this condition.
(2) Information concerning the basis of the tabular data and the limitations of the data is presented in
paragraph (d) of this appendix, and on the tables themselves.
(3) Information explaining the use of the tabular data is presented in paragraph (e) of this appendix.
(4) Information illustrating the use of the tabular data is presented in paragraph (f) of this appendix.
(5) Miscellaneous notations regarding Tables C-1.1 through C-1.3 and Tables C-2.1 through C-2.3 are
presented in paragraph (g) of this Appendix.
(d) Basis and limitations of the data.
(1) Dimensions of timber members.
(i) The sizes of the timber members listed in Tables C-1.1 through C-1.3 are taken from the National
Bureau of Standards (NBS) report, "Recommended Technical Provisions for Construction Practice in
Shoring and Sloping of Trenches and Excavations." In addition, where NBS did not recommend specific
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Appendix C to Subpart P Timber Shoring for Trenches (Integrated)

sizes of members, member sizes are based on an analysis of the sizes required for use by existing codes
and on empirical practice.
(ii) The required dimensions of the members listed in Tables C-1. 1 through C-1. 3 refer to actual
dimensions and not nominal dimensions of the timber. Employers wanting to use nominal size shoring are
directed to Tables C-2.1 through C-2.3, or have this choice under § 1926.652(c)(3), and are referred to
The Corps of Engineers, The Bureau of Reclamation or data from other acceptable sources.
(2) Limitation of application.
(i) It is not intended that the timber shoring specification apply to every situation that may be experienced
in the field. These data were developed to apply to the situations that are most commonly experienced in
current trenching practice. Shoring systems for use in situations that are not covered by the data in this
appendix must be designed as specified in § 1926.652(c).
(ii) When any of the following conditions are present, the members specified in the tables are not
considered adequate. Either an alternate timber shoring system must be designed or another type of
protective system designed in accordance with § 1926.652.
(A) When loads imposed by structures or by stored material adjacent to the trench weigh in excess of the
load imposed by a two-foot soil surcharge. The term "adjacent" as used here means the area within a
horizontal distance from the edge of the trench equal to the depth of the trench.
(B) When vertical loads imposed on cross braces exceed a 240-pound gravity load distributed on a one-
foot section of the center of the crossbrace.
(C) When surcharge loads are present from equipment weighing in excess of 20,000 pounds.
(D) When only the lower portion of a trench is shored and the remaining portion of the trench is sloped or
benched unless: The sloped portion is sloped at an angle less steep than three horizontal to one vertical; or
the members are selected from the tables for use at a depth which is determined from the top of the overall
trench, and not from the toe of the sloped portion.
(e) Use of Tables. The members of the shoring system that are to be selected using this information are the
cross braces, the uprights, and the wales, where wales are required. Minimum sizes of members are
specified for use in different types of soil. There are six tables of information, two for each soil type. The
soil type must first be determined in accordance with the soil classification system described in appendix A
to subpart P of part 1926. Using the appropriate table, the selection of the size and spacing of the
members is then made. The selection is based on the depth and width of the trench where the members are
to be installed and, in most instances, the selection is also based on the horizontal spacing of the
crossbraces. Instances where a choice of horizontal spacing of crossbracing is available, the horizontal
spacing of the crossbraces must be chosen by the user before the size of any member can be determined.
When the soil type, the width and depth of the trench, and the horizontal spacing of the crossbraces are
known, the size and vertical spacing of the crossbraces, the size and vertical spacing of the wales, and the
size and horizontal spacing of the uprights can be read from the appropriate table.
(0 Examples to Illustrate the Use of Tables C-1. 1 through C-1.3.
(1) Example 1.
A trench dug in Type A soil is 13 feet deep and five feet wide.
From Table C-1. 1, for acceptable arrangements of timber can be used.

Arrangement #1

Space 4 x 4 crossbraces at six feet horizontally and four feet vertically.
Wales are not required.
Space 3 x 8 uprights at six fee horizontally. This arrangement is commonly called "skip shoring."

Arrangement #2

Space 4 x 6 crossbraces at eight feet horizontally and four feet vertically.

http://www.ihsenv.com/products.c.. ./docview.cgi?where=(ftcid%3 dl4831)&cp=l&rdate=20000 5/31/00
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Space 8 x 8 wales at four feet vertically.
Space 2 x 6 uprights at four feet horizontally.

Arrangement #3

Space 6 x 6 crossbraces at 10 feet horizontally and four feet vertically.
Space 8 x 10 wales at four feet vertically.
Space 2 x 6 uprights at five feet horizontally.

Arrangement #4

Space 6 x 6 crossbraces at 12 feet horizontally and four feet vertically.
Space 10 x 10 wales at four feet vertically.
Spaces 3 x 8 uprights at six feet horizontally.
(2) Example 2.
A trench dug in Type B soil in 13 feet deep and five feet wide. From Table C-1.2 three acceptable
arrangements of members are listed.

Arrangement #1

Space 6 x 6 crossbraces at six feet horizontally and five feet vertically.
Space 8 x 8 wales at five feet vertically.
Space 2 x 6 uprights at two feet horizontally.

Arrangement #2

Space 6 x 8 crossbraces at eight feet horizontally and five feet vertically.
Space 10 x 10 wales at five feet vertically.
Space 2 x 6 uprights at two feet horizontally.

Arrangement #3

Space 8 x 8 crossbraces at 10 feet horizontally and five feet vertically.
Space 10 x 12 wales a five feet vertically.
Space 2 x 6 uprights at two feet vertically.
(3) Example 3.
A trench dug in Type C soil is 13 feet deep and five feet wide.
From Table C-1.3 two acceptable arrangements of members can be used.

Arrangement #1

Space 8 x 8 crossbraces at six feet horizontally and five feet vertically.
Space 10 x 12 wales at five feet vertically.
Position 2 x 6 uprights as closely together as possible.
If water must be retained use special tongue and groove uprights to form tight sheeting.

Arrangement #2

OSpace 8 x 10 crossbraces at eight feet horizontally and five feet vertically.

Space 12 x 12 wales at five feet vertically.

http://www.ihsenv.com/products.c.../doeview.cgi?where=(ft cid%3dl4831)&cp=1&rdate=20000 5/31/00
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Position 2 x 6 uprights in a close sheeting configuration unless water pressure must be resisted. Tight
sheeting must be used where water must be retained.
(4) Example 4.
A trench dug in Type C soil is 20 feet deep and 11 feet wide. The size and spacing of members for the
section of trench that is over 15 feet in depth is determined using Table C-1.3. Only one arrangement of
members is provided.
Space 8 x 10 crossbraces at six feet horizontally and five feet vertically.
Space 12 x 12 wales at five feet vertically.
Use 3 x 6 tight sheeting.
Use of Tables C-2.1 through C-2.3 would follow the same procedures.
(g) Notes for all Tables.
1. Member sizes at spacings other than indicated are to be determined as specified in j 1926.652(c),
"Design of Protective Systems."
2. When conditions are saturated or submerged use Tight Sheeting. Tight Sheeting refers to the use of
specially-edged timber planks (e.g., tongue and groove) at least three inches thick, steel sheet piling, or
similar construction that when driven or placed in position provide a tight wall to resist the lateral pressure
of water and to prevent the loss of backfill material. Close Sheeting refers to the placement of planks side-
by-side allowing as little space as possible between them.
3. All spacing indicated is measured center to center.
4. Wales to be installed with greater dimension horizontal.
5. If the vertical distance from the center of the lowest crossbrace to the bottom of the trench exceeds two
and one-half feet, uprights shall be firmly embedded or a mudsill shall be used. Where uprights are
embedded, the vertical distance from the center of the lowest crossbrace to the bottom of the trench shall
not exceed 36 inches. When mudsills are used, the vertical distance shall not exceed 42 inches. Mudsills
are wales that are installed at the toe of the trench side.
6. Trench jacks may be used in lieu of or in combination with timber crossbraces.
7. Placement of crossbraces. When the vertical spacing of crossbraces is four feet, place the top
crossbrace no more than two feet below the top of the trench. When the vertical spacing of crossbraces is
five feet, place the top crossbrace no more than 2.5 feet below the top of the trench.

ENFLEX Note: The following tables are wider than your screen. Please scroll right to see the entire table.

Table C-1.1. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type A P(a) = 25 x H + 72 psf (2 ft Surcharge)

---------------------------------------------------------------------------------------

Size (actual) and Spacing of Me
-- -----------------------------------------------------------

Cross Braces
-- ----------------------------------------

I Width of Trench (Feet) | Wales
Depth I ----- -----------------------
of I Horiz. I I i I I Vert. I I Ve

trench I spacing I Up to I Up to I Up to I Up to j Up to I spacing I Size I spa
(feet) | (feet) I 4 1 6 1 9 I 12 1 15 1 (feet) | (in) 1 (fe
-----------------------------------------------------------------

I I I I I I Not |
5 | Up to 6 1 4 x 4 I 4 x 4 I 4 x 6 1 6 x 6 1 6 x 6 I .4 I Req'd | -

| I | I Not |
To Up to 8 1 4 x 4 1 4 x 4 | 4 x 6 I 6 x 6 1 6 x 6 | 4 L Req'd 1 -

http://www.ihsenv.com/products.c.../docview.cgi?where=(ficid%3 dl4831)&cp=1&r-date=20000 5/31/00
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1 | | | | | | 1
10 I Up to 10 1 4 x 6 1 4 x 6 1 4 x 6 1 6 x 6 | 6 x 6 1 4 1 8 X 8 1 4

Up to 12 I 4 x 6 4 x 6 1 6 x 6 1 6 x 6 1 6 x 6 4 18 X 8 4

|I | I 1 |I I Not
10 1Up to 6 1 4 x 4 1 4 x 4 [ 4 x 6 | 6 x 6 | 6 x 6 1 4 1 Req'd

To |Up to 8 | 4 x 6 1 4 x 6 | 6 x 6 1 6 x 6 1 6 x 6 1 4 1 8 X 8 | 4

15 IUp to 10 | 6 x 6 | 6 x 5 | 6 x 6 1 6 x 8 6 X 8 1 4 [ 8 X 10 1 4

lUp to 12 I 6 x 6 1 6 x 6 1 6 x 6 1 6 x 8 1 6 x 8 I 4 I 10 x 10 1 4

15 lUp to 6 1 6 x 6 1 6 x 6 | 6 x 6 | 6 x 8 1 6 x 8 1 4 1 6 x 8 1 4
I I I | | | I |I

To | Up to 8 | 6 x 6 1 6 x 6 1 6 x 6 1 6 x 8 1 6 x 8 I 4 1 8 x 8 1 4
| | | | 1 | |I

20 I Up to 10 8 x 8 1 8 x 8 | 8 x 8 1 8 x 8 | 8 x 10 4 | 8 X 10 [ 4

I Up to 12 | 8 x 8 1 8 x 8 1 8 x 8 | 8 x 8 | 8 x 10 4 | 10 x 10 ] 4
| 1 1 |

Over I
20 | See Note 1

* Mixed oak or equivalent wijth a bending strength not less than 850 psi.
** Manufactured members of jequivalent strength may be substituted for wood.

Table C-1.2. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type B P(a) = 45 x H + 72 psf (2 ft Surcharge)

Size (actual) and Spacing of Me
----------------------------------------------------------------------------

Cross Braces
I----------------------------------------------------I

I Width of Trench (Feet) | Wales
Depth I ------------------------------------------------------------------
of I Horiz. |I I I I I Vert. I |

trench I spacing I Up to I Up to I Up to I Up to I Up to I spacing I Size I
(feet) I (feet) | 4 1 6 1 9 I 12 1 15 I (feet) I (in) I

5 I Up to 6 1 4 x 6 1 4 x 6 I 6 x 6 | 6 x 6 | 6 x 6 I 5 I 6 x 8 1

To l Up to 8 1 6 x 6 1 6 x 6 j 6 x 6 I 6 x 8 1 6 x 8 I 5 | 8 X 10 1

10 1 Up to 10 | 6 x 6 1 6 x 6 | 6 x 6 1 6 x 8 | 6 x 8 1 5 | 10 x 10 |

I See Note I
I I I

10 I Up to 6 | 6 x 6 l 6 x 6 1 6 x 6 1 6 x 8 1 6 x 8 I 5 1 8 x 8 I
|I I I I I I I I. To J Up to 8 1 6 x 8 1 6 x 8 1 6 x 8 | 8 x 8 | 8 x 8 1 5 I 10 X 10 1
SI I I I I I | 1

15 1 Up to 10 8 x 8 1 8 x 8 8 x 8 6 8 x 8 1 6 x 10 I 5 1 10 x 12 1

http://www.ihsenv.com/products.c.../docview.cgi?where=(ftcid%3 dl4831)&cp=1&rdate=20000 5/31/00
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| See Note I

a I 1 |

15 | Up toE 6 6x 8 l 6sx L6 x 1 |8 x8 1 8x 8 I 5 I 8Oxi10

To I Up to 8 8 x 8 8 x 8 8 x 8 8 x 8 8 x 10I 5 1 10 x 12 1
I I I | | I |I

20 Up to 10 8 x 10 8 x 10 8 x 10 8 x 10 10 x 10 5 12 x 12

| See Note |
I 1 |

Over See Note
20 1

* Mixed oak or equivalent with a bending strength not less than 850 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-1.3. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type C P(a) = 80 x H + 72 psf (2 ft Surcharge)

Size (actual) and Spacing of Me
I------------------------------------------------------------------------------

Cross BracesS I --------------------------------------
I Width of Trench (Feet) | [ Wales

Depth ------------------------------------------------------------------
of I Horiz. I I | | [ | Vert. I

trench l spacing | Up to I Up to Up to I Up to I Up to | spacing | Size
(feet) (feet) 1 4 1 6 | 9 | 12 I 15 | (feet) [ (in)

5 IUp to 6 6 x 8 1 6 x 8 6 x 8 8 x 8 8 x 8 5 8 X 10

To | Up to 8 J 8X 8 8 X | 8 X 8 8 X 8 1 8 X 10 5 10 x 12

10 1 Up to 10 I 8 x 10 8 x 10 8 x 10 8 x 10 1 10 x 10 5 12 x 12

1 See Note I
I 1

10 Up to 6 8 x 8 8 x 8 8 x 8 l 8 x 8 1 8 x 10 | 5 1 10 x 12
I I I| | | I[

To Up to 8 8 x 10 8 x 10 8 x 10 8 x 10 1 10 x 10 1 5 1 12 x 12I

15 | See Note
1 |

See Note 1

15 Up to 6 8 x 10 8 x 10 8 x 10 8 x 10 10 x 10 5 12 x 12
|I | | | | I I IO To I See Note |

20 | See Note

http://www.ihsenv.com/products.c.../doview.cgi?where=(ft cid%3dl4831)&cp=1&rdate=20000 5/31/00
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1 1
See Note
I 1

Over | See Note
20 | 1
-----------------------------------------------------------------------------

* Mixed Oak or equivalent with a bending strength not less than 850 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-2.1. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type A P(a) = 25 x H i 72 psf (2 ft Surcharge)

---------------------------------------------------------------------------------------

Size (S4S) and Spacing of Membe
-----------------------------------------------------------------------------

Cross Braces
I-----------------------------------------------------I

I Width of Trench (Feet) | Wales
Depth I I------------------ -__

of I Horiz. I I I I I I Vert. I I Ve
trench I spacing I Up to I Up to I Up to I Up to I Up to I spacing I Size I spa
(feet) I (feet) 1 4 1 6 I 9 I 12 I 15 1 (feet) I (in) I (fe
---------------------------------------------------------------------------------------

I I I I I I I Not | No
5 Up to 6 I 4 x 4 4 x 4 | 4 x 4 1 4 x 4 1 4 x 6 1 4 1 Req'd [ Re

|INot I No
To Up to 8 1 4 x 4 1 4 x 4 1 4 x 4 | 4 x 6 1 4 x 6 1 4 1 Req'd | Re

10 IUp to 10 | 4 x 6 1 4 x 6 I 4 I 8 x 8 4

Up to 12 1 4 x 6 | 4 x 6 I4 x 6 1 6 x 6 6 x 6 4 | 8 x 8 4

------------------------------------------------------------------------------------
II I I I I I Not I No

10 1 Up to 6 1 4 x 4 I 4 x 4 I 4 x 4 1 6 x 6 1 6 x 6 1 4 1 Reg'd I Re

To l Up to 8 1 4 x 6 1 4 x 6 4 x 6 | 6 x 64

15 1 Up to 10 6 x 6 1 6 x 6 1 6 x 6 I 6 x 6 6 4

[ Up to 12 I 6 x 6 | 6 x 6 6 x 6 6 x 64
------------------------------------------------------------------------------------
15 I Up to 6 1 6 x 6 6x6 6x6 6x6 6x6 1 4 6x8 1 4

To I Up to 8 1 6 x 6 6x616x616x6 6x6 I 4 8X8 4

20 I Up to 10 I 6 x 616x6 6x616x616x8 4 8x.0 4

I Up to 12 6 x 6 16x616x616x8 6x8 4 1 8x121 4

Over |.20 1See Note 1
--------------------------------------------------------------------------------------------

http://www.ihsenv.com/products.c ... /docview. cgi?where=(ft cid%/3 dl 483 1)&cp= 1&r-date=20000 5/31/00
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* Douglas fir or equivalent with a bending strength not less than 1500 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-2.2. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type B P(a) = 45 x H + 72 psf (2 ft Surcharge)

Size (S4S) and Spacing of Membe
----------------------------------------------------------------------------

Cross Braces
---------------------------------------------------
|. I Width of Trench (Feet) | | Wales

Depth I I----------------------------------------------------------------
of I Horiz. I I I I I Vert. I I

trench I spacing I Up to I Up to I Up to I Up to I Up to I spacing I Size
(feet) I (feet) | 4 I 6 I 9 1 12 1 15 1 (feet) I (in) I

5 IUp to 6 4 x 6 4x6 4x6 1 6x6 6 x 6 | 5 1x

To | Up to 8 4 x 6 1 4 x 666 x 6 1 6 x 6 | 5 I8X8
I I I I I I I

10 1 Up to 10 I 4 x 6 1 4 x 6 | 6 x 6 1 6 x 6 | 6 x 8 | 5 1 8 x 10

I See Note I
1 1 |

10 I Up to 6 1 6 x 6 1 6 x 6 | 6x x 8 16 x 8 | 5

To | Up to 8 6 x 8 16 x 8 1 6 x 8 I x 8 8 x 8 5 X

15 I Up to 10 6 x 8 6 x 8 8 x 8 8 x 8 1 8 x 8 5 110x121

| See Note |

-----------------------------------------------------------------------------------
15 IUptoE 6 l lx816x816x 16x8 18x8 1 5 1 6 X 81

I I I I I I I I I

To IlUptoB8 1 6x 86x 86s8 l1s 8 xS81 Ix8 1 5 1 10 x12 1

20 1UptolO18 18X8 I8 Ix8 18x81 8Ix 8 1 5 1 12 x 12 1

ISee Note

11

Over ISee Note

20 1

*Douglas fir or equivalent with a bending strength not less than 1500 psi.

*** Manufactured members of equivalent strength may be substituted for wood.

http://www.ihsenv.com/products.c.../docview. cgi?where=(ftcid%3 d 14831)&cp= I &rdate=20000 5/31/00
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Table C-2.3. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type C P(a) = 80 x H + 72 psf (2 ft Surcharge)

---------------------------------------------------------------------------------------

Size (S43) and Spacing of Membe
-----------------------------------------------------------

Cross Braces
----------------------------------------

I I Width of Trench (Feet) | | Wales
Depth I I--------------------- -------------
of I Horiz. I I | 1 1 1 Vert. I [

trench I spacing I Up to I Up to I Up to | Up to I Up to I spacing I Size
(feet) I (feet) 1 4 1 6 I 9 | 12 1 15 1 (feet) I (in) I
-----------------------------------------------------------------

5 Up to 6 6 x 6 6 x 6 16 x 6 1 6 x 6 1 8 x 8 1 5 1 8 x 8

To Up to 8 6 x 6 | x 6 6 x 6 1 8 x 8 1 8 x 8 1 5 | 10 K 10

10 |Up to 10 | 6 x 6 16 x 6 | 8 x 8 | 8 x 8 | 8 x 8 5 1 10 x 12

| See Note

-----------------------------------------------------------------

10 I Up to 6 | 6 x 8 1 6 x 8 1 6 x 8 1 8 x 8 1 8 x 8 | 5 | 10 x 10 1
I I I I I I I I I

To IUp to X 8 8 x 8 1 8 x 8 1 8 x 8 | 8 x 8 1 5 1 12 x 12 1

15 | See Note |
| 1 |

| See Note |

-----------------------------------------------------------------[ 1 |

15 IUp to 6 8 x 8 8 x 8 1 8 x 8 8 x 10 8 x 10 I 5 1 10 x 12 1

To 1 See Note I
1 |

20 | See Note |
I 1[

See Note |
[ 1 |

-----------------------------------------------------------------

Over I See Note
20 | 1
-----------------------------------------------------------------

* Douglas fir or equivalent with a bending strength not less than 1500 psi.
** Manufactured members of equivalent strength may be substituted for wood.

U S U
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Citation: Title 29, Part 1926
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Section Tide: Appendix C to Subpart P Timber Shoring for Trenches (Integrated)

Subject health & safety, employee, maintenance, design, safety, construction, operating,
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Source: Integrated Document

Appendix C to Subpart P -- Timber Shoring for Trenches

(a) Scope. This appendix contains information that can be used timber shoring is provided as a method of
protection from cave-ins in trenches that do not exceed 20 feet (6.1 m) in depth. This appendix must be
used when design of timber shoring protective systems is to be performed in accordance with & 1926.652
(c)(1). Other timber shoring configurations; other systems of support such as hydraulic and pneumatic
systems; and other protective systems such as sloping, benching, shielding, and freezing systems must be
designed in accordance with the requirements set forth in & 1926.652(b) and § 1926.652(c).
(b) Soil Classification. In order to use the data presented in this appendix, the soil type or types in which
the excavation is made must first be determined using the soil classification method set forth in appendix
A of subpart P of this part.
(c) Presentation of Information. Information is presented in several forms as follows:
(1) Information is presented in tabular form in Tables C-1.1, C-1.2, and C-1.3, and Tables C-2. 1, C-2.2
and C-2.3 following paragraph (g) of the appendix. Each table presents the minimum sizes of timber
members to use in a shoring system, and each table contains data only for the particular soil type in which
the excavation or portion of the excavation is made. The data are arranged to allow the user the flexibility
to select from among several acceptable configurations of members based on varying the horizontal
spacing of the crossbraces. Stable rock is exempt from shoring requirements and therefore, no data are
presented for this condition.
(2) Information concerning the basis of the tabular data and the limitations of the data is presented in
paragraph (d) of this appendix, and on the tables themselves.
(3) Information explaining the use of the tabular data is presented in paragraph (e) of this appendix.
(4) Information illustrating the use of the tabular data is presented in paragraph (f) of this appendix.
(5) Miscellaneous notations regarding Tables C-1.1 through C-1.3 and Tables C-2.1 through C-2.3 are
presented in paragraph (g) of this Appendix.
(d) Basis and limitations of the data.
(1) Dimensions of timber members.
(i) The sizes of the timber members listed in Tables C-1. 1 through C-1.3 are taken from the National

* Bureau of Standards (NBS) report, "Recommended Technical Provisions for Construction Practice in
Shoring and Sloping of Trenches and Excavations." In addition, where NBS did not recommend specific

http://www.ihsenv.com/products.c.../docview.cgi?where=(fltcid%3d14831)&cp=1&rdate=20000 5/31/00



Appendix C to Subpart P Timber Shoring for Trenches (Integrated) Page 2 of 9

sizes of members, member sizes are based on an analysis of the sizes required for use by existing codes
and on empirical practice.
(ii) The required dimensions of the members listed in Tables C-1. 1 through C-1.3 refer to actual
dimensions and not nominal dimensions of the timber. Employers wanting to use nominal size shoring are
directed to Tables C-2.1 through C-2.3, or have this choice under § 1926.652(c)(3), and are referred to
The Corps of Engineers, The Bureau of Reclamation or data from other acceptable sources.
(2) Limitation of application.
(i) It is not intended that the timber shoring specification apply to every situation that may be experienced
in the field. These data were developed to apply to the situations that are most commonly experienced in
current trenching practice. Shoring systems for use in situations that are not covered by the data in this
appendix must be designed as specified in § 1926.652(c).
(ii) When any of the following conditions are present, the members specified in the tables are not
considered adequate. Either an alternate timber shoring system must be designed or another type of
protective system designed in accordance with § 1926.652.
(A) When loads imposed by structures or by stored material adjacent to the trench weigh in excess of the
load imposed by a two-foot soil surcharge. The term "adjacent" as used here means the area within a
horizontal distance from the edge of the trench equal to the depth of the trench.
(B) When vertical loads imposed on cross braces exceed a 240-pound gravity load distributed on a one-
foot section of the center of the crossbrace.
(C) When surcharge loads are present from equipment weighing in excess of 20,000 pounds.
(D) When only the lower portion of a trench is shored and the remaining portion of the trench is sloped or
benched unless: The sloped portion is sloped at an angle less steep than three horizontal to one vertical; or
the members are selected from the tables for use at a depth which is determined from the top of the overall
trench, and not from the toe of the sloped portion.
(e) Use of Tables. The members of the shoring system that are to be selected using this information are the
cross braces, the uprights, and the wales, where wales are required. Minimum sizes of members are
specified for use in different types of soil. There are six tables of information, two for each soil type. The
soil type must first be determined in accordance with the soil classification system described in appendix A
to subpart P of part 1926. Using the appropriate table, the selection of the size and spacing of the
members is then made. The selection is based on the depth and width of the trench where the members are
to be installed and, in most instances, the selection is also based on the horizontal spacing of the
crossbraces. Instances where a choice of horizontal spacing of crossbracing is available, the horizontal
spacing of the crossbraces must be chosen by the user before the size of any member can be determined.
When the soil type, the width and depth of the trench, and the horizontal spacing of the crossbraces are
known, the size and vertical spacing of the crossbraces, the size and vertibal spacing of the wales, and the
size and horizontal spacing of the uprights can be read from the appropriate table.
(f) Examples to Illustrate the Use of Tables C- 1.1 through C- 1.3.
(1) Example 1.
A trench dug in Type A soil is 13 feet deep and five feet wide.
From Table C-1.1, for acceptable arrangements of timber can be used.

Arrangement #1

Space 4 x 4 crossbraces at six feet horizontally and four feet vertically.
Wales are not required.
Space 3 x 8 uprights at six fee horizontally. This arrangement is commonly called "skip shoring."

* Arrangement #2

Space 4 x 6 crossbraces at eight feet horizontally and four feet vertically.

http://www.ihsenv.com/products.c.. ./docview.cgi?where=(ftcid%3d14831)&cp=l&rdate=20000 5/31/00
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Space 8 x 8 wales at four feet vertically.
Space 2 x 6 uprights at four feet horizontally.

. Arrangement #3

Space 6 x 6 crossbraces at 10 feet horizontally and four feet vertically.
Space 8 x 10 wales at four feet vertically.
Space 2 x 6 uprights at five feet horizontally.

Arrangement #4

Space 6 x 6 crossbraces at 12 feet horizontally and four feet vertically.
Space 10 x 10 wales at four feet vertically.
Spaces 3 x 8 uprights at six feet horizontally.
(2) Example 2.
A trench dug in Type B soil in 13 feet deep and five feet wide. From Table C-1.2 three acceptable
arrangements of members are listed.

Arrangement #1

Space 6 x 6 crossbraces at six feet horizontally and five feet vertically.
Space 8 x 8 wales at five feet vertically.
Space 2 x 6 uprights at two feet horizontally.

Arrangement #2

Space 6 x 8 crossbraces at eight feet horizontally and five feet vertically.
Space 10 x 10 wales at five feet vertically.
Space 2 x 6 uprights at two feet horizontally.

Arrangement #3

Space 8 x 8 crossbraces at 10 feet horizontally and five feet vertically.
Space 10 x 12 wales a five feet vertically.
Space 2 x 6 uprights at two feet vertically.
(3) Example 3.
A trench dug in Type C soil is 13 feet deep and five feet wide.
From Table C-1.3 two acceptable arrangements of members can be used.

Arrangement #1

Space 8 x 8 crossbraces at six feet horizontally and five feet vertically.
Space 10 x 12 wales at five feet vertically.
Position 2 x 6 uprights as closely together as possible.
If water must be retained use special tongue and groove uprights to form tight sheeting.

Arrangement #2

O Space 8 x 10 crossbraces at eight feet horizontally and five feet vertically.
Space 12 x 12 wales at five feet vertically.

http://www.ihsenv.com/products.c.../docview.cgi?where=(fl cid%3 dl4831)&cp=1&r date=20000 5/31/00
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Position 2 x 6 uprights in a close sheeting configuration unless water pressure must be resisted. Tight
sheeting must be used where water must be retained.

* (4) Example 4.
A trench dug in Type C soil is 20 feet deep and 11 feet wide. The size and spacing of members for the
section of trench that is over 15 feet in depth is determined using Table C-1.3. Only one arrangement of
members is provided.
Space 8 x 10 crossbraces at six feet horizontally and five feet vertically.
Space 12 x 12 wales at five feet vertically.
Use 3 x 6 tight sheeting.
Use of Tables C-2.1 through C-2.3 would follow the same procedures.
(g) Notes for all Tables.
1. Member sizes at spacings other than indicated are to be determined as specified in § 1926.652(c),
"Design of Protective Systems."
2. When conditions are saturated or submerged use Tight Sheeting. Tight Sheeting refers to the use of
specially-edged timber planks (e.g., tongue and groove) at least three inches thick, steel sheet piling, or
similar construction that when driven or placed in position provide a tight wall to resist the lateral pressure
of water and to prevent the loss of backfill material. Close Sheeting refers to the placement of planks side-
by-side allowing as little space as possible between them.
3. All spacing indicated is measured center to center.
4. Wales to be installed with greater dimension horizontal.
5. If the vertical distance from the center of the lowest crossbrace to the bottom of the trench exceeds two
and one-half feet, uprights shall be firmly embedded or a mudsill shall be used. Where uprights are
embedded, the vertical distance from the center of the lowest crossbrace to the bottom of the trench shall
not exceed 36 inches. When mudsills are used, the vertical distance shall not exceed 42 inches. Mudsills
are wales that are installed at the toe of the trench side.
6. Trench jacks may be used in lieu of or in combination with timber crossbraces.
7. Placement of crossbraces. When the vertical spacing of crossbraces is four feet, place the top
crossbrace no more than two feet below the top of the trench. When the vertical spacing of crossbraces is
five feet, place the top crossbrace no more than 2.5 feet below the top of the trench.

ENFLEX Note: The following tables are wider than your screen. Please scroll right to see the entire table.

Table C-1.1. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type A P(a) = 25 x H + 72 psf (2 ft Surcharge)

Size (actual) and Spacing of Me
----------------------------------------------------------------------------

Cross Braces

---------------------------------------------------------I
| Width of Trench (Feet) | | Wales

Depth I --------------------------------------------------------------------
of I Horiz. |I I I I I Vert. . I Ve

trench I spacing | Up to I Up to I Up to I Up to I Up to I spacing I Size I spa
(feet) I (feet) | 4 | 6 | 9 1 12 1 15 | (feet) I (in) l(fe

|I 1 I I I I Not i
5 I Up to 6 1 4 x 4 | 4 x 4 1 4 x 6 I 6 x 6 | 6 x 6 | 4 1 Req'd [ -

| I I | | | | Not |
To [ Up to 8 4 x 4 1 4 x 4 1 4 x 6 | 6 x 6 | 6 x 6 | 4 I Req'd I -

http://www.ihsenv.com/products.c.../docview.cgi?where=(filcid%3 dl4831 )&cp=1&r_date=20000 5/31/00
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1 1 1 1 I I I 1 1
10 IUp to 101 4 x 6 I 4 x 6 1 4 x 6 1 6 x 6 6 x 6 4 18 x 8 4

Up to 12 4 x 6 4 x 6 6 x 6  I6 x 6 6 x 6 4 I x8 I 4

|Not
10 jUp to 6 1 4 x 4 14x4 4x 6 1 6 x 6 6 x 6 4 IReq'd I -

[ r I II
To. Up to 8 | 4 x 6 I 4 x 6 | 6 x 6 1 6 x 6 I 6 x 6 4 I8 x 8 4

15 I Up to 10 | 6 x 6 6 x 5 | 6 x 6 1 6 x 8 | 6 x 8 1 4 8 x 10 1 4
I 1 1 |
I Up to 12 J 6 x 6 1 6 x 6 1 6 x 6 I 6 x 8 | 6 x 8 4 10 x 10 4

15 I Up to 6 | 6 x 6 6 x 6 6 x 6 1 6 x 8 1 6 x 8 1 4 6 x 8 | 4
I I II I |

To lUp to 8 | 6 x 6 16 x 6 6 x 6 1 6 x 8 | 6 x 8 4 8 x 8 | 4

20 IUp to 10 8 x 8 8 X 8 | 8 x 8 1 8 x 8 1 8 x 101 4 8 x 10 1 4

Up to 12 | 8 x 8 1 8 x 8 1 8 x 8 1 8 x 8 8 x 10 4 | 10 x 10 } 4

Over |
20 1 See Note 1
--------------------------------------------------------------------------------------

* Mixed oak or equivalent wilth a bending strength not less than 850 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-1.2. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type B P(a) = 45 x H + 72 psf (2 ft Surcharge)

--------------------------------------------------------------------------------------

Size (actual) and Spacing of Me
---------------------------------------------------------------------------------

Cross Braces
---------------------------------------------------------

I Width of Trench (Feet) Wales
Depth I ------------------ ___-_-_

of I Horiz. } I I I Vert. I
trench I spacing | Up to I Up to I Up to I Up to I Up to I spacing I Size I
(feet) I (feet) I 4 I 6 | 9 | 12 1 15 1 (feet) I (in) |--------------------------------------------------------------------------------------
5 I Up to 6 1 4 x 6 4 x 6 I 6 x 6 1 6 x 6 6 x 6 1 5 | 6 x 8

To Up to 8 | 6 x 6 1 6 x 6 I 6 x 6 I 6 x 8 l 6 x 8 I 5 I 8 x 10

10 I Up to 10 6 x 6x6 1 6 x 6 x 8 6 x 8 I 5 | 10 x 10
I II | |

See Note I
| 1 |

-------------------------------------------------------------------------------
10 1 Up to 6 6 x 6 1 6 x 6 1 6 x 66 x 8 1 6 x I 5 X

To J Up to 8 6 x 8 16 x 8 6 x 8 8 x 8 l 8 x 8 XI I I II II 1

15 I Up to 10 1 8 x 8 i 8 x 8 1 8 x 8 I 8 x 8 1 6 x 10 1 5 1 10 x 12 I

http://www.ihsenv.com/products.c.../docview.cgi?where=(ftcid%3 dl4831)&cp=1&rdate=20000 5/31/00
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1 1 | | | | | 1
j See Note

| 1 |

W 15 |IUp to 6 I6xB8 6 x8 |16x 8 |18 x8 |I8x I 5 I 8Bsl10

To lUp to 8 I8 x 8 8x8 8x 8 8 l8 x 10 I 5 1 10 x 12 1

20 Up to 10 |8 X 10 x 10 8 x 10 |8 X 10 10 x 10 1 5 1 12 x 12

| See Note I
| 1 I

-----------------------------------------------------------------------------------
Over I See Note
20 | 1
---------------------------------------------------------------------------------------

* Mixed oak or equivalent with a bending strength not less than 850 psi.
* Manufactured members of equivalent strength may be substituted for wood.

Table C-1.3. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type C P(a) = 80 x H + 72 psf (2 ft Surcharge)

------------------------------------------------------------------- --------------------
Size (actual) and Spacing of Me

-----------------------------------------------------------------------------
Cross Braces

@ 1 -------------------------------------------------------I
I Width of Trench (Feet) Wales

Depth I -------------------
of | Horiz. I | | | Vert. |

trench | spacing I Up to I Up to I Up to I Up to I Up to I spacing I Size I
(feet) I (feet) 1 4 1 6 | 9 1 12 I 15 | (feet) I (in) I---------------------------------------------------------------------------------------
5 l Up to 6 l 6 x 8 6 x 8 l6 x 88 x 8 8 x 8 5 l 8 x 10

To Up to 8 B x 8 8 x 8 8 x 8 8 x 8 8 x 10 5 | 10 x 12

10 Up to 10 8 x 10 8 x 10 8 x 10 8 x 10 10 x 10 5 12 x 12

| See Note |
| 1

---------------------------------------------------------------------------------------
10 Up to 6 8 x 8 8 x 8 8 x 8 I8 x 8 8 x 10 5 10 x 12

To IUp to 8 x 10 8 x 10 8 x 10 8 x 10 10 x 10 5 12 x 12

15 See Note I
| 1 |
| See Note |
| 1

---------------------------------------------------------------------------------------
15 IUp to 6 8 x 10 1 8 x 10 8 x 10 8 x 10 10 x 10 5 |12 x 12

O To j See Note I
[ 1

20 I See Note I

http://www.ihsenv.com/products.c.docview.cgi?where=(ftcid%3d14831)&cp=1&r date=20000 5/31/00
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S 1 
I See Note
| 1

W Over | See Note
20 | 1
---------------------------------------------------------------------------------------

* Mixed Oak or equivalent with a bending strength not less than 850 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-2.1. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type A P(a) = 25 x H ± 72 psf (2 ft Surcharge)

-----------------------------------------------------------------

Size (S4S) and Spacing of Membe
-----------------------------------------------------------

Cross Braces
-- ---------------------------------------- I

I [ Width of Trench (Feet) Wales
Depth ----------------------------------
of | Horiz. |I I I I Vert. I I Ve

trench I spacing | Up to I Up to I Up to I Up to I Up to I spacing I Size I spa
(feet) (feet) 4 I 6 1 9 1 12 1 15 I (feet) l (in) l (fe
-----------------------------------------------------------------

I I I I I I I Not No
5 [ Up to 6 I 4 x 4 I 4 x 4 | 4 x 4 I 4 x 4 | 4 x 6 I 4 | Req'd I Re

|INot I No
To I Up to 8 4 x 4 4 x 4 4 x 4 4 x 6 4 x 6 4 tReq'd I Re

10 I Up to 10 4 x 6 4 x 6 4 x 6 6 x 6 6 x 6 4 |8x8 | 4

[Up to 12 4 x 6 4 x 6 4 x 6 6 x 6 6 x 6 4 8 x 8 4

-----------------------------------------------------------------

I I 1 I I I Not i No
10 Up to 6 4 x 4 4 x 4 4 x 4 6 x 6 I 6 x 6 1 .4 1 Req'd I Re

To Up to 8 4 x 6 4 x 6 4 x 6 J6 x 6 | 6 x 6 4 |6 x 8 4

15 Up to 10 6 x 6 1 6 x 6 6 x 6 6 x 6 6 x 6 4 8 x 8 4

|Up to 12 6 x 6 1 6 x 6 1 6 x 6 6 x 6 6 x 6 4 I8 x 10 4
-----------------------------------------------------------------

15 Up to 6 6 x 6 6 x 6 6 x 6 6 x 6 6 x 6 4 6 x 8 4

To lUp to 8 6 x 6 6 x 6 6 x 6 6 x 6 6 x 6 4 8 8 4

20 Up to 10 6 x 6 6 x 6 6 x 6 6 x 6 j6 x 8 4 8 X 10 4

[Up to 12 6 x 6 6 x 6 |6 x 6 6 x 8 |6B 4 | 8x 12 4

Over |

. 20 1 See Note 1
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* ouglas fir or equivalent with a bending strength not less than 1500 psi.
** Manufactured members of equivalent strength may be substituted for wood.

Table C-2.2. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type B P(a) = 45 x H + 72 psf (2 ft Surcharge)

---------------------------------------------------------------------------------------

Size (S4S) and Spacing of Membe
-----------------------------------------------------------

Cross Braces
----------------------------------------- 1

I Width of Trench (Feet) Wales
Depth I------------------- ---- ----- - -
of I Horiz. I I I I I I Vert. I

trench I spacing I Up to I Up to | Up to I Up to I Up to I spacing I Size
(feet) I (feet) | 4 1 6 1 9 I 12 | 15 1 (feet) I (in) I
-----------------------------------------------------------------

5 1Up to 6 4 x 6 1 4 x 6 1 4 x 6 1 6 x 6 1 6 x 6 1 5 | 6 x 8

To |Up to 8 | 4 x 6 | 4 x 6 1 6 x 6 1 6 x 6 1 6 x 6 5 | 8 X 8

10 Up to 10 4 x 6 14 x 6 1 6 x 6 x 6 6 x 8 1 5 | 8 x 10

See Note [

-- - - - ---------------------------------------------------

10 Up to 6 6 x 6 x 6 6 x 6 6lx8 16 x 8 5 18 x 8

To | Up to 8 | 6 x 8 6x 6 x 8 | 8 x 8 8 x 8 | 5 | 10 x 10

15 1 Up to 10 6 x 8 1 6 x 8 x8 1 8 x 8 8 x 8 5 1 10 x 12

| See Note I
1 |

-----------------------------------------------------------------

15 | Up to 6 1 6 x 8 | 6 x 8 1 6 x 8 6 x 8 I8 x 8 5 | 8 x 10

To l Up to 8 | 6 x 8 l 6 x 8 | 6 x 8 | 8 x 8 | 8 x 8 1 5 1 10 x 121

20 Up to 10 1 8 X 8 | 8 X 8 I 8 X 8 1 8 X 8 | 8 X 8 | 5 1 12 x 121
I I I I |

| See Note |
| 1 |

-----------------------------------------------------------------

Over I See Note
20 | 1
-----------------------------------------------------------------

* Douglas fir or equivalent with a bending strength not less than 1500 psi.
*0 ** Manufactured members of equivalent strength may be substituted for wood.
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Table C-2.3. -- Timber Trench Shoring -- Minimum Timber Requirements*

Soil Type C P(a) = 80 x H + 72 psf (2 ft Surcharge)

Size (S4S) and Spacing of Membe
-------------------------------------------------------------------------------

Cross Braces I
---------------------------------------------------

I Width of Trench (Feet) | Wales
Depth I --------------- -------------------------------------------
of I Horiz. I I I I I Vert. I

trench I spacing | Up to I Up to I Up to I Up to I Up to I spacing I Size I
(feet) I (feet) I 4 1 6 1 9 | 12 I 15 1 (feet) I (in) I

5 | Up to 6 1 6 x 6 I 6 6 | 6 x 6 6 x 6 O8 x 8 5 1 8x8 I

To | Up to 8 1 6 x 6 x 6 1 6 x 6 8 x 8 8 x 8 | 5 10 X 10

10 1 Up to 10 1 6 x 6 l 6 x 6 1 8 x 8 8 x 8 1 8 x 8 1 5 1 10 x 12

1 See Note I
1 1 |

10 I Up to 6 | 6 x 8 1 6 x 8 I 6 x x 8 1 8 x 8 1 5 | 10 x 10 1

To IUp to x 8 | 8 x 8 8 x 8 1 8 x 8 1 8 x 8 1 5 1 12 x 12 1

15 | See Note |
1 |

See Note I

15 Up to 6 | 8 x 8 1 8 x 8 1 8 x 8 18 x 10 1 B x 10 | 5 | 10 x 121

To See Note I
1 |

20 | See Note
1 |

| See Note |
| 1 |

Over I See Note
20 | 1

* Douglas fir or equivalent with a bending strength not less than 1500 psi.
** Manufactured members of equivalent strength may be substituted for wood.
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(a) Scope. This appendix contains informa-
tion that can be used timber shoring is pro-
vided as a method of protection from cave-
Ins In trenches that do not exceed 20 feet (6.1
m) in depth. This appendix must be used
when design of timber shoring protective
systems is to be performed In accordance
with g1928.652(o)(l). Other timber shoring
confignrations other systems of support
such as hydraulio and pneumatic systems;
and other protective systems such as slop-
Ing, benching. shielding, and freezing sys-
tems must be designed in accordance with
the requirements set forth in I1926.652(b) and
61926.652(o).

b) Soil Classfication. In order to use the
data presented in this appendix, the soil type
or types In which the excavation Is made
must first be determined using the soil clas-
alfication method set forth In appendix. A or
subpart P of this part,

(c) Presenfatin of Information. Information
is presented In several forms as follows;

(1) Information Is presented in tabular
form in Tables 0-1.1, 0-1.2, and 0-1.8. and Ta-
blos 0-2.1, 0-2.2 and 0-2.8 following para-
graph (g) of the appendix. Each table pre-
sents the minimum sizes of timber members
to use in a shoring system, and each table
contains data only for the particular soil
type in which the excavation or portion of
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Appendix D to Subpart P -- Aluminum Hydraulic Shoring for
Trenches

(a) Scope. This appendix contains information that can be used when aluminum hydraulic shoring is
provided as a method of protection against cave-ins in trenches that do not exceed 20 feet (6.1 m) in

* depth. This appendix must be used when design of the aluminum hydraulic protective system cannot be
performed in accordance with § 1926.652(c)(2).
(b) Soil Classification. In order to use data presented in this appendix, the soil type or types in which the
excavation is made must first'be determined using the soil classification method set forth in appendix A of
Subpart P of part 1926.
(c) Presentation of Information. Information is presented in several forms as follows:
(1) Information is presented in tabular form in Tables D-1.1, D-1.2, D-1.3 and D-1.4. Each table presents
the maximum vertical and horizontal spacings that may be used with various aluminum member sizes and
various hydraulic cylinder sizes. Each table contains data only for the particular soil type in which the
excavation or portion of the excavation is made. Tables D-1.1 and D-1.2 are for vertical shores in Types
A and B soil. Tables D-1.3 and D-1.4 are for horizontal water systems in Types B and C soil.
(2) Information concerning the basis of the tabular data and the limitations of the data is presented in
paragraph (d) of this appendix.
(3) Information explaining the use of the tabular data is presented in paragraph (e) of this appendix.
(4) Information illustrating the use of the tabular data is presented in paragraph (f) of this appendix.
(5) Miscellaneous notations (footnotes) regarding Table D-1.1 through D-1.4 are presented in paragraph
(g) of this appendix.
(6) Figures, illustrating typical installations of hydraulic shoring, are included just prior to the Tables. The
illustration page is entitled "Aluminum Hydraulic Shoring; Typical Installations."
(d) Basis and limitations of the data.
(1) Vertical shore rails and horizontal wales are those that meet the Section Modulus requirements in the
D-I Tables. Aluminum material is 6061-T6 or material of equivalent strength and properties.
(2) Hydraulic cylinders specifications.
(i) 2-inch cylinders shall be a minimum 2-inch inside diameter with a minimum safe working capacity of no
less than 18,000 pounds axial compressive load at maximum extension. Maximum extension is to include
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Appendix D to Subpart P Aluminum Hydraulic Shoring for Trenches (Integrated) Page 2 of 6

full range of cylinder extensions as recommended by product manufacturer.
(ii) 3-inch cylinders shall be a minimum 3-inch inside diameter with a safe working capacity of not less

* than 30,000 pounds axial compressive load at extensions as recommended by product manufacturer.
(3) Limitation of application.
(i) It is not intended that the aluminum hydraulic specification apply to every situation that may be
experienced in the field. These data were developed to apply to the situations that are most commonly
experienced in current trenching practice. Shoring systems for use in situations that are not covered by the
data in this appendix must be otherwise designed as specified in § 1926.652(c).
(ii) When any of the following conditions are present, the members specified in the Tables are not
considered adequate. In this case, an alternative aluminum hydraulic shoring system or other type of
protective system must be designed in accordance with § 1926.652.
(A) When vertical loads imposed on cross braces exceed a 100 Pound gravity load distributed on a one
foot section of the center of the hydraulic cylinder.
(B) When surcharge loads are present from equipment weighing in excess of 20,000 pounds.
(C) When only the lower portion or a trench is shored and the remaining portion of the trench is sloped or
benched unless: The sloped portion is sloped at an angle less steep than three horizontal to one vertical; or
the members are selected from the tables for use at a depth which is determined from the top of the overall
trench, and not from the toe of the sloped portion.
(e) Use of Tables D-1.1, D-1.2, D-1.3 and D-1.4. The members of the shoring system that are to be
selected using this information are the hydraulic cylinders, and either the vertical shores or the horizontal
wales. When a waler system is used the vertical timber sheeting to be used is also selected from these
tables. The Tables D-1.1 and D-1.2 for vertical shores are used in Type A and B soils that do not require
sheeting. Type B soils that may require sheeting, and Type C soils that always require sheeting are found
in the horizontal wale Tables D-1.3 and D-1.4. The soil type must first be determined in accordance with
the soil classification system described in appendix A to subpart P of part 1926. Using the appropriate
table, the selection of the size and spacing of the members is made. The selection is based on the depth
and width of the trench where the members are to be installed. In these tables the vertical spacing is held
constant at four feet on center. The tables show the maximum horizontal spacing of cylinders allowed for
each size of wale in the waler system tables, and in the vertical shore tables, the hydraulic cylinder
horizontal spacing is the same as the vertical shore spacing.
(f) Example to Illustrate the Use of the Tables:
(1) Example 1:
A trench dug in Type A soil is 6 feet deep and 3 feet wide. From Table D- 1.1: Find vertical shores and 2
inch diameter cylinders spaced 8 feet on center (o.c.) horizontally and 4 feet on center (o.c.) vertically.
(See Figures 1 & 3 for typical installations.)
(2) Example 2:
A trench is dug in Type B soil that does not require sheeting, 13 feet deep and 5 feet wide. From Table D-
1.2: Find vertical shores and 2 inch diameter cylinders spaced 6.5 feet o.c. horizontally and 4 feet o.c.
vertically. (See Figures 1 & 3 for typical installations.)
(3) A trench is dug in Type B soil that does not require sheeting, but does experience some minor raveling
of the trench face. The trench is 16 feet deep and 9 feet wide. From Table D-1.2: Find vertical shores and
2 inch diameter cylinder (with special oversleeves as designated by footnote #2) spaced 5.5 feet o.c.
horizontally and 4 feet o.c. vertically, plywood (per footnote (g)(7) to the D-1 Table) should be used
behind the shores. (See Figures 2 & 3 for typical installations.)
(4) Example 4: A trench is dug in previously disturbed Type B soil, with characteristics of a Type C soil,
and will require sheeting. The trench is 18 feet deep and 12 feet wide, 8 foot horizontal spacing between
cylinders is desired for working space. From Table D- .3: Find horizontal wale with a section modulus of

* 14.0 spaced at 4 feet o.c. vertically and 3 inch diameter cylinder spaced at 9 feet maximum o.c.
horizontally. 3 x 12 timber sheeting is required at close spacing vertically. (See Figure 4 for typical
installation.)
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(5) Example 5: A trench is dug in Type C soil, 9 feet deep and 4 feet wide. Horizontal cylinder spacing in
excess of 6 feet is desired for working space. From Table D-1.4: Find horizontal wale with a section
modulus of7.0 and 2 inch diameter cylinders spaced at 7.0 and 2 inch diameter cylinders spaced at 6.5
feet o.c. horizontally. Or, find horizonal wale with a 14.0 section modulus and 3 inch diameter cylinder
spaced at 10 feet o.c. horizontally. Both wales are spaced 4 feet o.c. vertically. 3 x 12 timber sheeting is
required at close spacing vertically. (See Figure 4 for typical installation.)
(g) Footnotes, and general notes, for Tables D-1.1, D-1.2, D-1.3, and D-1.4.
(1) For applications other than those listed in the tables, refer to § 1926.652(c)(2) for use of
manufacturer's tabulated data. For trench depths in excess of 20 feet, refer to § 1926.652(c)(2) and i
1926.652(c)(3).
(2) 2 inch diameter cylinders, at this width, shall have structural steel tube (3.5 x 3.5 x 0.1875)
oversleeves, or structural oversleeves of manufacturer's specification, extending the full, collapsed length.
(3) Hydraulic cylinders capacities.
(i) 2 inch cylinders shall be a minimum 2-inch inside diameter with a safe working capacity of not less than
18,000 pounds axial compressive load at maximum extension. Maximum extension is to include full range
of cylinder extensions as recommended by product manufacturer.
(ii) 3-inch cylinders shall be a minimum 3-inch inside diameter with a safe work capacity of not less than
30,000 pounds axial compressive load at maximum extension. Maximum extension is to include full range
of cylinder extensions as recommended by product manufacturer.
(4) All spacing indicated is measured center to center.
(5) Vertical shoring rails shall have a minimum section modulus of 0.40 inch.
(6) When vertical shores are used, there must be a minimum of three shores spaced equally, horizontally,
in a group.
(7) Plywood shall be 1.125 in. thick softwood or 0.75 inch, thick, 14 ply, arctic white birch (Finland
form). Please note that plywood is not intended as a structural member, but only for prevention of local
raveling (sloughing of the trench face) between shores.
(8) See appendix C for timber specifications.
(9) Wales are calculated for simple span conditions.
(10) See appendix D, item (d), for basis and limitations of the data.

ENFLEX Note: For a copy of the following figures, please call the ENFLEX Hotline at (800)544-3118:
ALUMINUM HYDRAULIC SHORING -- TYPICAL
INSTALLATIONS
Figure 1: VERTICAL ALUMINUM HYDRAULIC SHORING
(SPOT BRACING);
Figure 2: VERTICAL ALUMINUM HYDRAULIC SHORING
(WITH PLYWOOD);
Figure 3: VERTICAL ALUMINUM HYDRAULIC SHORING
(STACKED);
Figure 4: ALUMINUM HYDRAULIC SHORING -- WATER
SYSTEM (TYPICAL).

Table D-1.1. -- Aluminum Hydraulic Shoring Vertical Shores
for Soil Type A

----------------------------------------------------------------------------

aHydraulic Cylinders

w------------ -------- -------- -- - - - - - -

Width of Trench (feet)

http://www.ihsenv.comlproducts.c.../docview.cgi?where=(ftcid%3dl4832)&cp=1&rdate=20000 5/31/00
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Depth Maximum Maximum -------------- ----------- ----
of horizontal vertical

trench spacing spacing Up to 8 Over 8 up Over 12 up
(feet) (feet) (feet) to 12 to 25
------------------------------------------------------------------------------
Over 5
Up to 10 8
------------------------------------------------------------------------------
over 10 8 4 2 Inch 2 Inch 3 Inch
Up to 15 diameter diameter diamater

Note (2)

Over 15
Up to 20 7
------------------------------------------------------------------------------
Over 20 Note (1)
------------------------------------------------------------------------------

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g)
Note (1): See Appendix D, Item (g)(1)
Note (2): See Appendix D, Item (g)(2)

Table D-1.2. -- Aluminum Hydraulic Shoring Vertical Shores
for Soil Type B

------------------------------------------------------------------------------

Hydraulic Cylindersw ------------------------------------------------------
Width of Trench (feet)

Depth Maximum Maximum ---- -------- --------------
of horizontal vertical

trench spacing spacing Up to 8 Over 8 up Over 12 up
(feet) (feet) (feet) to 12 to 25
------------------------------------------------------------------------------
Over 5
Up to 10 8
------------------------------------------------------------------------------
Over 10 6.5 4 2 Inch 2 Inch 3 Inch
Up to 15 diameter diameter diamater

Note (2)
------------------------------------------------------------------------------
Over 15
Up to 20 5.5
------------------------------------------------------------------------------
over 20 Note (1)
------------------------------------------------------------------------------

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g)
Note (1): See Appendix D, Item (g)(1)
Note (2): See Appendix D, Item (g)(2)

ENFLEX Note: The following table is wider than your screen. Please scroll right to see the entire table.
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Table D-1.3. -- Aluminum Hydraulic Shoring Waler Systems
for Soil Type B

I Wales | Hydraulic Cylinders

1| |
Width of Trench (feet)

Depth I * |-------------------- ---------------------------------
of I Vertical I Section 1 Up to 8 Over B up to 12 1 Over 12 up

Trench I spacing I modulus I
I I I horiz. I Cylinder I Horiz. I Cylinder I Horiz. J

(feet) I (feet) I (inf3]) I spacing I diameter I spacing I diameter I spacing I

I I11 2 IN |
Over 5 1 1 3.5 I 8.0 1 2 IN 1 8.0 1 Note (2) | 8.0

4 | I 1 | 1 2 IN I
Up to | 1 7.0 1 9.0 | 2 IN | 9.0 1 Note (2) | 9.0 1
10 1 1 14.0 | 12.0 | 3 IN | 12.0 1 3 IN 1 12.0 |

I I I I | 1 2 IN
Over | | 3.5 1 6.0 | 2 IN 1 6.0 1 Note (2) | 6.0 }
10 | .4 | 1 1 1 1

| | 7.0 I 8.0 13 IN 8.0 1 3 IN | 8.0 |

Up to |
15 | | 14.0 | 10.0 1 3 IN | 10.0 1 3 IN 1 10.0

--------------------------------------------------------------------------------
aI I I I 1 1 2 IN I

Over 1 I 3.5 | 5.5 1 2 IN1 5.5 1 Note (2)1 5.5 |
15 | 4 | 1 1 1 1 1 1

| 1 7.0 1 6.0 1 3 IN | 6.0 1 3 IN1 6.0 I
UP TO I I I I I I 1 
20 | I 14.0 1 9.0 1 3 IN £ 9.0 1 3 IN | 9.0 1

Over 20 Note (1)

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g)
Notes (1): See Appendix D, item (g)(1)
Notes (2): See Appendix D, Item (g)(2)
* Consult product manufacturer and/or qualified engineer for Section Modulus of available wales.

Table D-1.4. -- Aluminum Hydraulic Shoring Waler Systems
for Soil Type C

Width of Trench (feet)
Depth I * -----------------------------------------------------
of I Vertical I Section I Up to 8 I Over 8 up to 12 I Over 12 up

Trench I spacing I modulus I
I I I horiz. I Cylinder I Horiz. I Cylinder I Horiz. 1

(feet) I (feet) I (in[3]) I spacing I diameter I spacing I diameter I spacing I
hn.w3_-------------------------------------------------------------------------------------
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I I I I | 2 IN |
Over 5 | | 3.5 1 6.0 | 2 IN I 6.0. I Note (2) 6.0

| 4 1 | | | 2 IN|
Up to | I 7.0 | 6.5 2 IN | 6.5 | Note (2) 1 6.5 |
10 | | 14.0 1 10.0 1 3 IN | 10.0 1 3 IN | 10.0 1

I I I [ 1 2 IN|
Over | 13.5 I 4.0 2 IN 4.0 INote (2)| 4.0 I
10 | 4 | | | | | |

| 1 7.0 | 5.5 13 IN | 5.5 3 IN | 5.5 |

Up to | [ |
15 | | 14.0 I 8.0 | 3 IN 1 8.0 | 3 IN j 8.0

I I I | 1 2 IN
Over 1 | 3.5 1 3.5 2 IN 1 3.5 | Note (2) | 3.5 |
15 | 4 1 | |

1 I 7.0 1 5.0 | 3 IN I 5.0 3 IN 5.0
Up to II I|||
20 I I 14.0 I 6.0 1 3 IN | 6.0 1 3 IN I 6.0

Over 20 Note (1)

Footnotes to tables, and general notes on hydraulic shoring, are found in Appendix D, Item (g)
Notes (1): See Appendix D, item (g)(1)
Notes (2): See Appendix D, item (g)(2)
* Consult product manufacturer and/or qualified engineer for Section Modulus of available wales.
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Appendix E to Subpart P Alternatives to Simber Shoring (Integrated) Page 1 of 1

I IfIIIWIIIIENFL Federal and State Regulations, April 2000

DATABASES IJURISDICTONS i EARCH C CONTENT

Hide Document Profile I Previous in Jurisdiction | Next in Jurisdiction

Citation: Title 29, Part 1926

Jurisdiction: Federal Document Date: October 31, 1989 Page Count: 1
Section Title: Appendix E to Subpart P Alternatives to Simber Shoring (Integrated)

Subject health & safety, employee, maintenance, design, safety, construction, operating,
Terms: compliance

Source: Integrated Document

Appendix E to Subpart P -- Alternatives to Timber Shoring

ENFLEX Note: For a copy of the following figures, please call the ENFLEX Hotline at (800)544-3118:
Figure 1: ALUMINUM HYDRAULIC SHORING;
Figure 2: PNEUMATIC/HYDRAULIC SHORING;
Figure 3: TRENCH JACKS [SCREW JACKS];
Figure 4: TRENCH SHIELDS.
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1 IlIIHIOPHENFL Federal and State Regulations, April 2000

DATABASC S JUR :iSDCTIONG SEARCH CONTENTS

Hide Document Profile | Previous in Jurisdiction I Next in Jurisdiction

Citation: Title 29, Part 1926
Jurisdiction: Federal Document Date: October 31, 1989 Page Count: I
Section Title: Appendix F to Subpart P Selection of Protective Systems (Integrated)

Subject health & safety, employee, maintenance, design, safety, construction, operating,
Terms: compliance

Source: Integrated Document

Appendix F to Subpart P -- Selection of Protective Systems

The following figures are a graphic summary of the requirements contained in Subpart P for excavations
20 feet or less in depth. Protective systems for use in excavations more than 20 feet in depth must be
designed by a registered professional engineer in accordance with § 1926.652(b) and (c).

ENFLEX Note: For a copy of the following figures please call the ENFLEX Hotline at (800)544-3118:
Figure 1: PRELIMINARY DECISIONS;
Figure 2: SLOPING OPTIONS;
Figure 3: SHORING AND SHIELDING OPTIONS.
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Figure 3. Treuch Jacks (Screw Jacks)
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Sloping selected as the
method of protection

Will soil classification
be made in accordance
with j1926.652 (b)?

YES I

Excavation must comply with
one of the following three
options:

Option 1:

,1926.652 (b)(2) which
requires Appendices A
and B to be followed

Option 2:
31926,652 (b)(3) which
requires other tabulated
data (see definition) to
be followed.

Option 3:
.(1926.652 (b)(4) which
requires the excavation
to be designed by a
registered professional
engineer.
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engineer (e.g. any designed
system).

FIGURE 3 - SHORING AND SHIELDING OPTIONS

409

?9 Editi

PTIONS



APPENDIX G

DRILLING SAFETY GUIDELINES

L2000-182 Rev. I



M a)
Ca)

.... W,

4~1

z
0

0

z
-J
-J
i

0

pi

4

I



* £ *i3< O.$ ZCOgiino'flgepr
o-c'L - *%sjr mcncucm

w Ec o < o - c

-m o o r-e -- Em o~eo oo

n v- 1 Z 0 - 0-6 080
--- LD CD ec c - C2.se - -o

*A22 ~ g CS
0- ,: aC v4

LU E c:3ge= = C kao bg'4 0g E* x r8f

ca E - co < D "Er

DO fl c h O 0 DC2 _.- z gc
* 2 -0: 3 2.2025§

Q0 0

o gUOy C ' c 'M CL ...
-~a) co wC r c i r = m

oo Q g- .CO= 0 'e M eo ,_

-" - - oo eCd C
E0g a) (D =- &.2 -ECO

Z3 o< Z E "-
-oaOLE c n sg



ccj o ~
r 'a-O

- e

JoS
o
C

-C2

-

- - a :

-. co-* - - E C --

-c'B * c --

= CO - B- <- -

-e-co mD LD -e
0 C *0

0 0 --
cc 0

o 0 - C : 2?

o e - -e

E Ce 0 a n

0 4 C

e lie C F -

S o c o o -5 C
<- -

3: ME 0
CQ d 0 6 0 C

-

a.
-t
.-

O C,-

I,, . co

Co CDr r

- 10

C: =
.2=- - V

'0

--

0- -S- m

Q.s. C

* 0

:=E
O 0

.

- e0

-C-
g.

CD
0

a
0.



C0 m
C V ) C ' ) C ) L oV) CV) CV) CV

C13 Ct)

3

-C--

C,

C

* C

C

0

3:
.2

a
fl

I-

-o

-(U

.r2
o
C

U,-

0D-
o
I0
o.

-o

CU

-

.-

CU

0
.i

-0

-)

:4
.d

Ca

0

0

C

CUts
0cc

0) -3

s a

0 .)
C c

co -::c a
CC

CO -

53o
aS

. .

(-
Ca,
E

ca
0

SO

0

C"4

-D

C-

am
'

cve LL

-~
-

cV)CMJ

40

.2'

C

0

- a-

e 



p- E* (Do >,e v 50

--- .. s - E

C 0L- 0 = C

*o 0E4c:
c LL -

La o 

.LD co 0..3 o

Cg- c E .o --

... Z e co.
Li c>0 e = e

S _- $o2

<7 cc 'aDo
-- E

o *~A0 0.0c20

e 00



0>

0 0.V
E!em

="

2

9 3

Cc.

o .

ann

E CD

atE20 0D

e Ero

.)
2o 

C iC C

E
S uP
LD 0 0!

o-0
0-6 00

S*E 0

5 VE

=0 cm

- 0 10 0

o(D
0
0Z%

0
t

c
0

0

C4
-4

2 a

cE e

30

4-

I-
0to

a
.

'I)

S.

0

U)

'-
I-

ca a03

0 0 2

CL0

2 =cy CD

~.2-0o Co C 0o
o 0egE C-g . y M =

cm

3 .M.rxC0o
D 0.

E OS
E W -r.

' - - ep g

0 Ecot . o oVoa -

. '0t- Le.
E E e

a o.--a3

o E c *d

CuO,
CD0CSn0r -E a

0 L U
Oqj ~ 0~ -0 0t Z

a. oEc 0 CL>9

ec
--

U,
4

M E
"a
=0

e-S

Ce0 a-

-

= 0*

L)w

4- t28- -a0 6 n4-. or i,~ a~- 1) a) 4 ocS D D ?
: Oo 0, E [" "=

0 5 - .CO 0  . ) ' 25 0

0 i 0 U . -2 cc c 0 - (0e C) V
E 0... 0 a t.-o y - - E "-

as or 0 0 Ma L-- coc a)E-A0c.8--0

=r~v e_ ~ g~ 2W o' to. ... ewe.'no e C0)I2 0 5 Vo&C a
O-cil ES CD25 E8Dr-c6e.- :.- = -2 W-e - o ---

> ca 0 0D

*0 ClD E - L. c- Eo

oQ Cc = E 0.0,
- m B --a 0if-E R>2 Cac * 2 ?0-

zg~ws ame ez-s rg2 c,0cw

3 g ~ l~ C - 0

-6ss En -0= :=-a' = > -LD1a

V - = E C-ID

C C0 5 000 O .r.Q.

. - s o - * -3 a t o- -6

'$= *6 ~ 10~ES i 00x2 2 
; ooe -c o, n Ce ~ ~ - E e " Eroec 0

a ~ C -CoEDE ~ co s m -

4



0-'e

O'c

2CL
oL

caen

.c C

-0

ag,

4.0

CD

'0

82

e

Q.

CD

0~
OD

co0 a

ton

u 0=F'

-e

-C

,Uo

e-

0
525

ofe

=mg W*!o ME .80'Z7 2
vao, _*gt E'tioo0oa =>-cn ~ a

E=C -0 C oe

5-EE a 0

.2E ! E E0. * 3 0 00
E eg e2 o&a W

-0- E - a. =-.E OWo~-w-~ Em r=

385mgr E CDex

.. 0=. E

C

0 -CD Eg

4e: E0 -ESo2 I

-0 c9$ e g S E c

W- 4edEr al 00
>.=884 0 o EE,' -

E 0) o r- a E '
il to-n - 3: 4,1 ._a W _ C

.00 L0

51o a a
MU) CV W4 a

00Z 0CD

9 E0=<"Z E 0
0 ~* = ta CDO02 2 3 CD06=C E' S -Ec

30 C t3 (=) g - (*- O
w o 00 CN C

es E 0E *i E3 " M

*omcl (D E =c Eg
ce .- go- 0 a)

- E ?g C o) tjg % o
3 0 E = cD

e' E '-2oE* ' co

= 0 CDco o

-aco...

o a.---e
>% coa CM

-c Cc

Q 0 >(0 =
ES: S5w
CDn Eiw

e 62en

50 5-
gE.0-. 5Ee
CD=-0 w

e-0Eggggc
-EgE w
~EngEa)

*22 cm
013 CD

Cccam
CD -0 "C

33630w

1e

I



0 e E
: 0t c cmeE

0aS

Cm to:1 to

SEe E cu E Z5

wo

e1~, ve
-E -t

Z Co CD o Z& s ,
L.

c -goo.
C e o C o

0- a-c _Dt

a.1 ox r0Co c E.o-o gea

ao 2-ua~cE

7C0Q 0D 0

Ios) 0
.E aoq- . o (-*E -W *- = =ii

.- o a r 

.0

.Cw
0

-0 r

0.

0 C
.-=

3-5 

e 0

75-m

oa

0 F
CL

Ko
a)E*

w
-00

to

.e

jr E- 0

.3 E
e-oc

0 o
w E
cm 0)'

E e t-0

:3E0
00 -

0--
1 0 GO -

* a to
CgD e

' -Ccr

g a- 0

Eno a

0...

a=

o'0 4

-M - 5

ocwe
CD CL

oV o2E

~too
''0 CL

0

CL 0

*' E~ S . a,

2

Ec-

0...

E

0R C

5

>g 2

c5 L

0 0
go
yg.0

0C'-

0

cR
0 02Z=0it

ce
'1-0-

c
s
~D

St

4

ot2T

o 0

oz 0
o -nn

*-0=2
300

E

^0~

ex : E
(D co

m e
oCD a

* 0.

CD(U

.2 0~

0 ao

C

oicU.

0m C '4

c40.

-D 0 0

2- GS

0rE
'0 $

"n 0000s. -o g V)

-c m2 -. 21

8- EE 

c .
co a0..CL m

0

0" e e ~aE 0E C
00 0 O - . -

' w a C Om O

0 *CL a-x

E c C c2 ZE E0
cp~225

2E -a ~tctgoKg

Ej os oao --

ecm $.0 E2

o-V

ow -

ca

E
S-c

0 00
r E -

m0o

Ca Cm C M~

0

'-mos.o z

E o0
2:-~0-

-w E 4
.L C-
3 ein

S

.~



E d

L)OWMo@e 
-0= 0 a'""a 0~

-- --

~og

2&E
ccE

CO C

4n~-.-

o .cFa
a ec..

is2
.0 '- 

00 aCe-2 e

* -E

-wSc

N-

?0 Oas

5- 0>

2 -

- W 022 0 % o- o
-- o =

E.5

ol

-E

:2 a& &-

0
ZE L

*E * o 0E
-eg) Z2

12

ccc

0

E
o

0
0
c-o

- -- C.-ci
* to . * *

0-S$a

0

o U

c.0
Ca

00

'a
c

0-

_C-U

Eg

e 6 4
3E 2

L d-~

8 ee

w

ea

o~k

tu0

Cs

CL
0 e-.

00

e0 ng
:a.- .
e- ;"cc

B',
'5

0

0

c

~C

e
C)

**



00

~ 2 C5 jC
0 0

~0
- -- 0a

: e 0

0- (ID0
o o

>,, Ca ba CD
4O e

> Cau- C

d) a. a 0
OL oe--

- 4) -

o co

0S-B"zmo mg 0oE 

CoS

c= 00

on dta - %- cC 6 Cl
x O, Oc-t( - _ e x Ceg C= D %~ -&.- 'a ato

EE 2r3~ to c0,0 o
co ao a oo "A -

ecuEs a ( cu 0 -o
(D D a:'0

E . CD E. O 0
o V0- e o % s(D c

3522S50o a E 04)$miOe c E E cEx o ~ o (n

,ob w~ - coI ~: - 0 - Co

o gc > -og = -

0.0 oL 0 C: ->2 E 0 -aeB 0

* E O 0v )o -o -  - c

-os ; (eD g? a e o m

0 0 c

n- c c O c -c oE a W cU 0 a _Z

; c mco- c c - -L -a - =

D=0E -. cOZ
EE C)) (

ax 0a x-a m co - o C-W H-

x-Ec Cg)g Co 1o =t e e 0

Z;- >- 00 a*c: -0 *CU

*0 4,c SE ,D 0 o0aC-~
a 2w c N< c 0~3 M "

-E 3 = e ~_Zo- CD 2 0
0 6 o- g - el- LD va .0 2 3:

cc ~ ~ >E4 0. -c5 w2WOa GJCD00w 0Co 0 L 0 > 'o- -o o E x

IDt
- C
o co

0ge

0 =022

0 -;oa

E E

a
o

CO 0 -

.0

<sgr
oa =

Mc
.- c

0 --

2 -
3 -

200
-. 4 -i0 ,~ 0

0 os.-oC 2 Lo

0 0 wo X _
Im a 0 8'0

.o0

-o co oS?=r
Co'

:00

c

.0 r- 0 clC

-C

* n.

two C. %0C tZ 0 .

2 Ct

a cm 0 0ar Co

a ca

.- M .~

~o1 e-c0c

-0 2 E

sE 5 . u)c

- = W _ E
.- 0a> ae
-2 IDoc

$0 ~ C6 0 -C

CL
a
o

0

0m0
=
'C

-
Or

& a (a -e -O)e r =

e .oe &~ Orgvc u, ;o2c -
a o 3>a- Es c os ~ z0 o CL C o o-0 -

" 0 -e e5CE CflS Se E2-

E 2 ~2 '-o>:- ~ -~ 2j ; * -C- C

m~% otUc o$ ao 2 'o r

o E- t -ol ocE3

* oEB. Bo e m e e s~o Le -on - o - e

0 W:2CL -e - E-Lg g 2 -
- cyo . -m ci Ev -Es V-0-0

~$ 8 0 C2 i -ce0-ij@=

0-S a E-a) -E" 'oE c- ",-

CD 0 o 0 40

@gt-2 0 2og5 2o n- 0

o" 8 tcvo02~4-t SQOdE-~gS

o tOo EWC fl -wP wo 0

U2 Cl.0 O 8 w

e E >- 0) o 0

- o> CD o CC E ' E *D *



oc a o ' .

0~ ' 0 W9 cu
_ C a0

-- o -=e...-

x) cm E a E-c c- -

O 'ao0co cu0oa)fl

E =r* 0f2012 0 30

E2SE*0c "O - C
Ecz jj

se0 oa o o -

eo-.= Ecs5

oUoS cO>200e-o 6 eSo-

oo cc com-us--c"

EMo a CDE=C Z. 0 'CDa

-

cT

o25 23

00-iE
=0 2

CD.0

000O
0 a

.c 0c

0= 0
e= -*e

0 o E _o

~0 (Di 0CO -0*o

0l-
coe

OZ O

2o e 0
a-0ee
e~ 0

04- Ccower-L

grote

o

0t toa

.0 0

3,o~ e
- c-

4D

COO

0

a~ C

2 b12

EoE;18 12 5. ~

cWse >

40

-0C

oom U3g: 00)<g
0 *' -0 :

s*- >D-0-3- 0

a '5c 25 .2J50

0

e o- o-CU.-.m

S0 -c212 -ca

-0i .0 0.5 e o

- CO 0 o r

a -00 e =-Zos s g= =0~o

1 ao -U u -~ nx E wo go85

= t -~ME -Kea-s

0 2j4=

o £5 E

Esem- EcourS -5o

0 0 -eD

r- -

o..Sgu2£ -c5eoo

-o t$ ~ e >oW -1

2 - p|- 0|

0C0

E 0 '2r =0 sE- 2 Co OrgEZ

C
cc
a

0

a
m
Cu
C-
.;

0
0
r
er

-

.0CL

52
10 

Ac m

.o

-C

a 0

04-

0a)

0 4

ES-

= c- Z,

cis

) ..

U C
>0

c,)

06

W w

*-o0
E w

S00
or-.2-

00

a

w E 00

00

> 0

-2v

Cb

zU3 -

< 5 X23

co t; 0 o
w 9 D0 % 6 .

g s Icc



-Et e - O - 0
C~ Q)c0 K

0a o 0 >0

w = a -o
cO 0 O

* C/) - -c

co io o to

Eto Os 0 ID-0

00

ca 4D o-co) a 0

*O
4 -  

Q 3E. >

O W s ~~"- r- a 

c00

C 0' '04- 8 .2

o= Ec WvC C.
Wa

a P 0 - L
13) 0

V- 5 - -4 0 . 0

.w.COr. a *cOoV

0-b a a -) "D c Ioj a. c O C C o->0

mC 2 cocu ~
*0) oC ) C C n'-~dg ex a$S .co3CD 0 -

-E o Wl oc DE

0) ) -D. gI CD $2 a0

Q)IJ rnno> -o" 2d =V -4
(D 1g 0 w 0e vo e

co - -Co

:3E (D..CZ=

D =5vS±oGo E
VOo veko0n 0 .Qa

flO'? c$$ $

C ) (D) aCO a 0 8

c o oot 5

00 00Ua

L_ - GA g 0  C.e

~ M c S s ee -.0 2

00 V .0f)u >l~ , -- 3 * - Dc

o2 -ISeZ o =E
0m cCoL CLg~g

ga 2 s 0 -C- 2 E C1
Ca O- Lm an>%O ==q

U7 C -) 8a. - -:Eg E 0

So o.
0 a - -a 0 u L

o ..... 2 0-L.~

o > 0 a).

co r- en

- 0 0 ooL

using
ou co -oM Q-.

a . 0 0

y a- o m gC.. a

a g geW

'" 0  M (D c0

2 Z :3,0o s~

CI > c gr

e o

o 0 0 to

& 25 .0 -
.s a2Se 2GcMR 1

00.
0 D : m I

a.v- %t z. c .4-EUS 4

0-

C-4
>

o0~C

0e E E-
M 0 a (

C- oa R

00 (

e 00 =--

o co

. E-E c

EE

* ~a0-5

C-D ... C CD
ac= o co 0

LD 0B E
c0 CL
o'L 0 y

1~
C

NEWMlunlu3lum 3Dii HM fil II Efil



(0 -E o) 0 iL In E ,n -4.1v0 6 II

-c I . D co -e ocu c0U Q 0wS 0i EMM ) 0
o e c em L.0c % * c -3 0 -

_. C 3 C - 0 -C m --- we o 0 C-

(U 0 

O dW o Cr 9*c Q e 'E o o s 'Co O~ o -c (= XS- u C>0 0 ~ C: 0 S c 0i~ a.E t
cE 3 r- m w 0 0c ~* - Q . 0 C L*

eoma~~~~~) * :-3os - - - e -
0DE2W a CL3 9 ... l .2) z 0 0:t:~v 0 0 r ca 2 0

0 E5 .9 4) a LO > -) C:
O 'O - u mO w E I a L C*L (Dc)E o : a)-

.- 0 -- . 2  - a. * E
E E - >C Cam C rL C

CE Uy 0 - 0 - 0 )s cm -_ 0 0 - s.o abBo~ oc L c DX

c - -E L
oo o . e o E 3o cc

iSD 2-4m c2 wg 0 oca r Ege g g g c oU- s E3 eg g-.O g cr om- E W 10 .. oa a) COC -C a
-e n a av -c - -R-a -a.~ o e-

r e - to tE eg -oe 02 ::= el C -m doi e
g o o . - 2 .co . 0 "e W.c ( E li C

CD -. P 'caw.. - DO

r - 0 - 0- 0 -_*-0c3 2 u) ee g ~.!g El 5 CD e2 = as q)~ -- e .

E of&22. CW-? co=c2 5 '

COo5)* g0 40s =v> - o e c 2 - n -O
0m c a eNE-D og - w o2m o m oo oIc e

._ . "3|' ony o a l t e =?

OL rj g >*>~ c U ow S g LC 00 0 vc

CO.C 2 E - E ECQ(<0 .V 5Iv 1a oyn*.c in ~ f~co~?ct.o 1 w'm m=, 0  0 0

00 l 0) a . NC-~*0. La

(D~a co -7

-0 ~ ~ ~ ~ ~ a ca. 00 0 LO'--D 0o 0

*O o o -

60~~~~e cx090 D0)I 00 -

tv~3 -a 2e O

CE r

eR cise
Ow o0 -

Co-0

cm E-

ME c a

.2.2

31 C0 C~

* *lE ll
.ge.-e..- o O -5 o



S

o c
-C0-

V)
SoL

4-

re; og 0

a c

E> ca O

S.-C
E m0ES

~i
. .- 0f

30. K..

-Ow
10c -0 Ea C

-d =
or

o e

C

~o

2~0
0 a)

C 0

.0.03

-c

*l

0 0- 02

o )g 0 0
o Q) (D 0 - 0)

> 0 .c - E-0o 0- CU )> -- -- -ac

(D COE -0E-0 a-2 ESo G )- -

e 3 C o>

.2t 0  0 4, --co 2w

0 -=2 o 0

0~o0
0.

~D ma 0) 0-8) E c as -

2$E3XE32
CL C

>D o e-, e -

-e c 0 2-0e

-2 -c E 0
S >E .- - . =

-- c E-6 2 -0- *

co a)

o =
0 ca
~ .-

4- o -

coL
C 0-0

E

o 3 %2Mr >~E

- 4-e

-0 o

00-

w5.

sZ
oa .-.

003

zr i

Lo.co-o0- e

0-> -
a Co 0 0r 09

ci ce

C

o

v Lv m 

>' E o

G o 0

sE 2

-2 0)

0 C
0 0)En

C

cO

Co

0
no

e-0

Ca)
00

0)

CE
-a E

3:'

Sne

0.

400

i c

2
COm

0to 0t

a- x0)~
- cu ac)

m-ot o-ne
- = E 

332 E

o = 0

>Ni 0 'Caor ", D
y0 -. % C - 0
0 -D.C 00Or e

U E

COO CO ,aane

D o m c E

0=->00* CL E

cx mi -a 0n -a 0r *zm
cS.2 -L r

m E2
C .es a g o m0e.C5s *si

w 2dE o5 0 0
.0 o (- a.- .- 0 

0 ;g oeZ e (= n> mC'LoE

O3o-oD.C-o.g-- o

a) ODcc4.... 0 * eD>,% :310 7e E Cc omo Eo0e - - 0 C0 E L0

- > E (w -0 * E0

S - - ana 20Dtgua ME E Om - O
2  Og >v0a -&. -6 0 _

o $ - EE5ess cE

##-m - Ec -C

j
0 2 0 = om-*- )D

a~ ~ 00050 CU
*.r cx -~ - V

I-E 0 ~ cohs E _ mDO
>o.. =~ 02-0floto 00-

- d (Dise 0o ea.o5 CC c S. cg- -LD o 0 0 V3 L' 3

U 0 2 o .0a~~~ e o"e
cc C =* JE@ e

o 2= c :=g en

0 -Ce Cn r Sg-e07 cc;
- 0 C 000
-gw -e 04 -~E

-o 9-.

-- gE isZcPESg

0Z O< -CD~ ~ ~ -rc 0

zt0L1oe 0O

C', L~ oe C4 2 e

9 E'>2;tE=E:1

L * CEV
CD: 00

* D *O Co - U9
1- -

Cc 0- 0 -

-r - =00 D 4.C

5 -

Ooo

o-
= e - 0

-0-0
- c CD0

0o 00

ca cca

0--c-

o C -c0

-00

car
0.~

20wnge ..=

cS .S00 -a "

4- >0E
*CS4Dm -

2 ~ D

th
*)

4
C~I



V)

V)

,2
.0

V

ca

SE

-

-C

(0

0

S-c

-

,0

e V

.2

c.~ aP -

, VC2

(DCV

2 CL E g -MO 0C0z
W Eo o

mo RE m -3E20 0

- Oa M o o QC
eCO - c ~ C Ex ;,o e

2 0 o.2 --. 00

.c~aag g. oxx.2E
Z 2 - 0a - o

o E EEg-- .- a e. o c~

co o(> , -o C -- a

oS' . 0  Cc o Co:3 Cew -0 E e -0-2 -E
o 3 (D OS CWVS_e s .3 .0.... .1 a- "-- -

ex5 0 .M .00.2.c o
0 ca WOr CULo 0

. 0e fl - te o 8

c. E -0 c o 9

EE

0 0

C 0
o o

C

Eo E

aag
ac

0

D 0

- -

& & ~

SmcL

0-
038

O .. ,-
0me

0

U C

E '0 caL
EE

caa
0 E 0 oci% 0 car

0 0
0 CC e~ cu4

C* L 0 E E 0gm-

.2 0

O 0 o
v z

0) o yOvc

Odxewor C

oe--2 - e 0- c

3 oo w3E.

- m a. CC cc Cc -

-o

cC >%

a) (

30 3

CD 0

-o -C
0

ci 0

2 a

e 0

- Q
0a 0 CO C
ca a 0)

o0 - - C

.- o-g c
0 ac e?
occ

0. 0

-C a

to CL

(6~ a) aDr w~~O vvw-01, O- 0 a 0
bO o ga 0  ca o&

C70 0 0E0 - o W Cco coa. <0

o 2 O00- Cf l C
0 W. cun 0 CczE sg o Cucw 0  -

-C ~ Eo
cu wg On 2 & to 0 0 c

>- 0- -Ds O -O
..- o.~$ vO O od- C

-o 2c o S . c = a c
w, c - -- e

£O CO - -= 2
o2 .L- ced

o c can .%-0%6.-*oi ax; Cg3ca

Eo rj 0oMe sm> -t- -=g a om

a 0  -g 'e -a o e .C- -0c -0.

me ag CoLs -- -D 0-0;o: -;;i 2
2 e2go-v L.o-e

OL E c e -o e. za -
2 n el 0-~ 41) o

to1a= 9ca 05 0

*- w- 2~ E cr000

21
2

C
g

ci

a

-?o
-C
U
0'
o0
-C
0

c

a,
0-
z

0)

a C6

L a
2 C

-
- 0

2 -

C

LD
0

E

30

O ~
.

.h -

- S

-*

-o

e
0

eAD

-4

-0

U
0
01
C

C
0
o
3
0

-e
r0~
o
=

cbCAM4-

C*

a.w

*0
M

-c
cc
C)

eir-



c

e

0

0

o

~-

0

-C

0

0
- -

y

0-

- -

07

0.
0 -
0

2) L 0 0 0
-~~- 0 .COO0 :3 c

o -- h 00)cL e0. ~ -0 f
0 0 0 tm~ 0

mo co Cr

5 -i24 -I ES.
co-- E cc 0- 2Vc ---

e e - £ 0 = e

t eoc

- g co m- - . 4- )g .

m cd = CL 0 (D CL o-E

r ,_= -c K- o.~Co a

- eo e CD co C ees
CabOZ' CO = am c

- v - - o 0 C a) - L - n . m

oo!a0 c rocD 0 co

. e c - 2 c -D
CL 0- CD- -e-o = '0

0

.5
-C
.-

(0
B 2

C

)
o

C m

0

I-

.coO

m

C

-o 0 " o" -- *.- C23ag at g oE='-S ' - . o &- us

M 5o - L2 00* 0aon- 4 o-- c -m *0 In

--- o r- E ac E c -80~ a g) ( omg
- c0s>ci --- , E wco' %->~
O 5; c- I- o~ 53 EEa2 .

:k2 E 02
0 Cg -o to-a O n-

w ~ ~ t(&o CzW o
o --E0-3 0 ,

Ec0' 0 ) s = CZ0>1

togn -i e :;:; E'S >~ g- y, .c2oo

e 0 0o - a pE Co E "-= o 0-
0~ p O = -

cc- c c. e
c 2 a ra r- 6 z

% U - X -a coEs
o - .-.... - .c o--.-o

mw cc 0 c 0 >..e
coa criicc -FO

:iiao - -E co - " z :5-
E C,

co ESV' . **a. c

-ncr

a.

Co

3=E

.100

s -

o.0M

-C E

c .a e CL

cce
.sEm

C

.
m
D
)

i

6
V

g

f -

0
4-

C
0

0

C

02

0w

=e Cc

0 C

-a



- En E- cc 0 Cc om En..

o 2E3 2E-8

-C CS O ... Or
0 = r-

E -0t -
o$-S!a .vEO

wfl e~5 2 0

t0CC
0

0) ~ -- 0)
e C-U..m

co - o*-c -!D :
o 2 g? ogZ

(GE.E

E0 cc 'm~ooe

'13 M= O ) 0g

2-~a 0E s z C=

CL - .-
. a- " -o

a) . CLi

cc

a

c
CL

c,

C

r-

* ) D ~ 0) co 0 4vL &L -E LEr a C j3C 0C 0) w
o v~ 3 -~ --- -E

-- - -o E o E
: -d $ '0 0 E~ NE o C

U:, 0~p CI =~ CU
C=.-0 '. - V "0 E oer <.e m VE - Eoc

=> 0. . 0 c E 0 0 £0.2
1 -CC -0

COa a- =
0  C Lr E o -o c r .. "

0a~ 9 - ( L. cuuaSoton c o
-- C D~E cc ca ~0 W-

o...E"2 E S! s F .l0 2 -co,& o 0o - E cm ' t
- oc 05 CC

02

tU)~0 E O E o -2f _.

o8 0

0 -C 5 0 . ._E a- a ~

CL D - x0

CaC :3c C

*.>.co *o. .£ * . t....
. a - o a a o c

- E E ce

* D (D

0c

0 CD *

~~E;?

3 cc E c
> 0*6 CD

>~ 0

ca e aCD C
0 >0 o0

o * 0o2

9Z E 0oo> oci

C a C ' OD
z )0Z) 0

. * oa 0 -3L2-0"..

a,0

C.)

-

V
0

cc
S
a:

4r

C 0c C

- - 3 e : -o

n-'- ao ) o
0 W
oo

tCo- a
Cc 

c a0
*00V 3:

0 m :1
oc X-COC

00

2 S 6
coc a) *

0 - - --

. Cn.* 0cE*)

C 0

00

.C o
@m Cc.

W a

ma

6 e

o

C

C~

CU

a~

00

-C-

Ba-5
0,a-

* gt

o5 <Do

eCL CD - a :CD-
0 VC 0 e

O 4D e0V

ow M
ge 3-c-5 3

ot 0%Oa 0 0a

CC =30 a-
y ae' a o

- 0- 0

0 -W 0e E
ax oo

ou Omz oge
0C s0e

U agfi-5e -

'C.) -ooM
CS=Dm E o -"

0,-- *CO . ~ C _- o0 0 . - c-

.0

ca-2
.- a'
no,

I--~0 C

e

w2
*-

.0
% -

~ a0 e
- CE

-

- I0-2E.*
-0

Ccl

0o5

Cf

CIS M 0

CD

Do

am-
00

goC .20 C

C
0OC

0
C

Cca
0,

cc;
I-



) CI 0

Ct
. C

c a

0wo C

0

L*~

0 a

3 m 0

p- ~ w
E- Y

5

COS

-L -t

E

4D

0
O

e-= s s 2 a gg 3 OqjC8w Zce , go-a 0 a 3 V 00

cc2? -o~e ijc>o60 - oC-C

.. c. od I_-C - - E 4) 5 a

E &~ D G E 0 a z 2 E C V
CL0= CMaO M 

42 c ok= n ~c
>-= va = e e -o o -a -- =

E a -*"0o -ao o -C no--V
Eo-~ ev - t-c2enoa0 mo

V5.. -k d a a Efl0sc cO - booLcDE. -oEm 01'

D 0w -e a CI toC on0

- -- 9 C.DCD
2m 2oo -E eWr o e

02 *:E. o E 0

00 0 c -

.C0 E cO "

M= 5- L c I c c e b 00~ ~ ;t2 :3' 0 ca0 0E-r-1
co c0 a ~ 0 *054.e00 . Cv

W0,C DEVU -2 4Z'aCL t-

- vr .c 0 = c a
e :3e O .. . 0 4D L .. : 3: 6 F -C' , e

c * 22 2, C0 M (

c ao x -,aj*- cc, cm0 2r-~~C = ..-10O

10
C

ci

e

to

0

cc.

c oo
a~ a

0

OD a

0=00
0 ~ x

CD E
o 5C E

-"- 0Cc c 0 -

~C

M2 9
a -

C yfC
0 0gvo8a

to=0

* "D 2L R

C

-. C

0'
O. ^ --

"C~CD

e c60 0'-

c~a

3 e--

0

E' C )

0o"

Ot T,-
-CO
S- C (

.0
""

co5-

gia.

~os

-0

0 a

Ccm
cca

C3

Org

9



(D

2 0
o c

'0

U)

>.0

C+h-
.c 0

VC 0C 0

0

c

J_ a
-2

t 0

C- cis
o --

S0 a.-- - =oC

.0 c, a. .

m 0
.g.

L.
0

E
CO

co- (D

0o
-E L

C

E

C CL

*0

4-

-C-

W r

ao

0*

U,

-

0

0

a
CD
a-
03

C

7E

co
0-

E

'a
0g
.0
0

0
0
CU

-

Sch~0-c

12=

.0

-3
0
co

0

a

CD o=

E Q0 W

....

C.
EC

0=

o C

-05-'o 0

e C

-E

oa

co

0

0

2

0sC

.0

0

a)-

0

co

m~A
0-

CL 0

0 ~C

.0=

0--

a e

0
Lo
U

0

-oC

C
U,

0

CL

-(
CL

0

r_

0

* 0

C

.0 o
0-

Os
.0

0

-' 0
d)0.

0

U) -

C:

0 >

C0
c-

0.0E2 o

(DE

C o

01-

ato

or

0-C0-

0

o- ;

.0 '

go
o00o

i0 i

*'=t~ge OLE c * >
c0 0 0 0..
woo->aoaE

- Ce.- 0'00&.0 0*2
c ab E'0or90- c00

0.000,0

Mee 0om

" S a:um
0- o m E
-conmec--o -js 2-

Eno r 3 5
o c aa-c
E "a E.am

co 
0 = .o )CU~

~r2
E e cn-

*0 to

-~ o E -c

0.0 . 0= o

iLe C

e .c 0
00- L

Ce ~ -
00- 0

$ 0212 C C

oao.

L: .00 E

- 4 ) .

- 0 o

2 -o -- : 0
accc ico o

E 2
e> cca

E 00

ao o. 3
03CC co

e a r32
n 0D
E 2 ~ 2 %
Esg $8-g

*a-'0

E (ao

.-
mC

0

=s o

0D "

0=

00

.a

E ..

>10

'C .

00

0

C*C

oEC.

0< C
U,

060

E0S

C. 0) *.; 0

0 .
ya 0 2

- 2 .2e
a .c W
0 '0 0

2 LS *

x 2 -C...;no
*0: e g &se

-d a Qcu.
0 co q(UE E

C c o> )Cm >

p -~ EQsc c= 2
a - e0, 0 (D

co cl "woCU a) =0(Eca

eg em co
cc0 cWO

2ob0 og
0 e o!c ..

L W 650 3

E0 o E 0 c =EC~ 020
~ac Eon -v n!

.E2. ~24 E- 0EE

-02

aoo Ec' =eoc6

C 3 - g - m

oe-Mg a Oa0-

o 003 .2 e go 0

.0 aa CL. =a~
aCr

0~2

CD - a s Z ~ CL >0 o ao o oio

$E 0 330.2 X

fee E- - co t

0 E Ol -0 2
L3 m e.0 -age - >

0~ o 0- 2 E e
ocL =eE'inE n=

- 0

LDa
'a .

03 0

C . W

o E

- 2 o
a 0

o 4~-2=
C ej

o -~CU

ob~

=. -ino

*3?0*i

as

.q0
15
0

-

a

4

C4
-CO

..

N

- C o 6. c 4- D

0 0

t C M -

o cm C

CL 0

o 0 0 x(-

C

Wo- *
-- - e~

Lo.- C.0 @

C aEgcoe .o
0-~ em5%

0-2-0-0om"2"

aCL~~o
m2 E S (
a) ccCP

o_ c c t.



0 0
s eo Z

S * ' co
0

C e tc cc0
C C

C) 0o

16 W30 e0

g3 3
E- c .M- - 0aL a -4

9D 0 0;
0Z C

En

0 0 c



APPENDIX H

MSDs FOR CHEMICALS BROUGHT ON-SITE

L2000-182 Rev. 1



JlITaker
%1At

J. T. Baker Chemicai Co.

Chermrec too) 4249300
Nation3I Respoc-&e Cenlet & (800) 424-8502

M2015 -04 Methanol Page: I

Effective: 09/26/86 Issued: 12/17/BE

SECTION I - PRODUCT IDENTIFICATION

Product Namet methanol
Formula: CH OH
Formula Wt: 32.04 -

CAS No.' - 00067-56-1

NIOSH/RTECS No.: . PC1400000
Common Synonyms: Methyl Alcohol; Wood Alcohol; Carbinol; Hethylol Wood

Spirit

Product Codes: 90 4 9 ,9 072,9075,9076,907 1 ,5217,5370,9074,P704,9093-
5 5 3 6 ,9068

9073,9091,9263,9069,9070
aammst ~ ~ ~ ~ m aasmmmm a ass-uso a - am - a inmasainmfnntamwsnai a WMw-a aMas-a-

PRECAUTIONARY tiELIN:

BAKER SAF-T-DATAT System

CCCLS KA (AT VEflR ErPS. HILD S PRN OO ~ &SGPE

Precautionary Label Statements

POISON1 DANGER!
FLAMMABLE

HARMFUL IF INHALED
CANNOT BE MADE NON-POISONOUS

HAY BE FATAL OR CAUSE BLINDNESS IF SWALLOWED
Keep away from heat, sparks, flame. Do not get in eyes, on skin, on clothing.

Avoid breathing vapor. Keep in tightly closed container. Use with

adequate ventilation. Wash thoroughly after handling. In case of fire,

use alcohol foam, dry chemical, carbon dioxide - water may be ineffective.
Flush spill area with water spray.

SECTION II - HAZARDOUS COMPONENTS

Component

Continued on Page: 2 (Q10 1

I



J. T. Baker Chemical Co. -
222 Rec Schoc Lane Pp:zuT. N 3&8tBake 2-oa 5-:r5- Tecr5re. - - '

- _ Chemtrn BCO ) 424-9300
National Resoonse Center 1 (800) 424-8802

2015 -04 Methanol Page: 2
ffective: 09/26/86 .rIssued: 12/17/'86'
MOss amasarnarna arn rn== mass m m m m~tn,.a m n acas wrma rnrnarnrnt~m rn rn-a al

SECTION II - HAZARDOUS COMPONENTS (Continued)

thanol 90-100 67-56-1 a

SECTION III - PHYSICAL DATA
scaim a a r a amma a ama a Oan mmmsmman mm urna som om a==asa rnsrnrnuama a mar==wr-amrn am mma

iling Point: e5*C C 149*7) Vapor Pressure(munlg): 96

elting Point: -98*C ( -144*F) Vapor Density(air-1): 1.11.

pecific Gravity: 0.79 Evaporation Rate: 4.6
( H 2 0-1) (Butyl Acetate-1)

olubility(H2 0): Complete (in all proportions) % Volatiles by Volume: 100

ppearance & Odor: Clear, colorless liquid with characteristic pungent odor.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

lash Paint (Closed Cup): 12*C ( 54*F) NFPR 704 Rating: 1-3-0

mmable Limits: Upper - 36.0 % Lower - 6.0 %

e Ex . Med'
Use alcohol foam, dry chemical or carbon' dioxide.
(Water may be ineffective.)

ecial Fire-Fighting Proscedures
Firefighters should ear proper protective equipment and self-contained
breathing apparatus with full facepiece operated in positive pressure mode.
Move containers from fire area if it can be. done without risk. Use water

to keep fire-exposed containers cool.

nusual FEire &Explosion Hazards5
.Vapors -may- f.low--along surfaces to distant-ignition sourcet -and -flash back.
Closed containers exposed to heat may explode. Contact with strong
oxidizers may cause fire.
Burns with a clear, almost invisible flame.

'c Gases a a
carbon monoxide, carbon dioxide, formaldehyde

trnms macam assa a a mate fea s a amuasma =m earnmm rn a aucasu asca an rnm~w ama

SECTION U - HEALTH HAZARD DATA

U listed' denotes CTLU-skin).

reshold Limit Value (TLU/TWA): 260 mg/m 3 (200 ppm)

art-Term Exposure Limit CSTEL): 310 mg/m 3 (250 ppm)

Continued on Page: 3 0001



J. T. Baker Chemical Co. .

J e 222 Re. Seroctre h U-sous. NJ 08865 J.TB - - 7--,:ur Ein %s +ev r.ne - 20115925

ChemtreC a t800 424-9300
Natonal Response Center N (800) 4244802

H2015 -04 Methanol Page:
Effective: 09/28/86 . Issued: 12/17/1
-macmm - mm amu manm" -a m a aammaai -ma am a am - MOa -MM -f emsM -mcs-Mas a a sm, Mac M4

SECTION U - HEALTH HAZARD DATA (Continued)
ca ama ma mnmaaaaaa maca. MM MMMmma acmaamanm- as aftmuam mma m=amma= Manama mamfMMama ama

3
Permissible Exposure Limit (PEL): 260 mg/r- (200 ppm)----------------------

Toxicity: LD 5 0  oral-rat)(mg/kg) - 5628

LD5 0 Cipr-rat)Cmg/kg) - 9540

LD50 (scu-mouse)'(mg/kg) - 9800

LD50 skn-rabbit) (g/kg) - 20

Carcinogenicity: NT?: No IARC: No 2 List: No OSHA reg; No

Effects of Overexposure
Inhalation and ingestion are harmful and-may be fatal.
Inhalation may cause headache, nausea, vomiting, dizziness, narcosis,
suffocation, lower blood pressure, central nervous system depression.
Liquid may be irritating to skin and eyes. Prolonged skin contact may
result in dermatitis. Eye contact may result in temporary corneal damage.
Ingestion may cause blindness.
Ingestion may cause nausea, vomiting, headaches, dizziness,
gastrointestinal irritation.
Chronic effects of overexposure may include kidney and/or liver damage.

Medical Conditions Generally Aqgravated B Exposure
None -Identified

Routes 6F Entry
inhalation, ingestion, eye contact, skin contact

Emergene Aind First Aid Procedures
CALL A PHYSICIAN.
If swallowed, if conscious, immediately induce vomiting.
If inhaled, remove to fresh air. IF not breathing, give artificial
respiration. If breathing is difficult, give oxygen.
In case of contact, immediately flush eyes or skin with plenty of water for
at least 15 minutes while removing contaminated clothing and shoes.
Wash clothing before re-use.

SECTION VI - REACTIVITY DATA

tability: Stable Hazardous Polymerization: Will not occur

Onditions to Avoid: heat, flame, other sources of ignition

.fcompatibles: strong oxidizing agents, strong acids, aluminum

Decomposition Products: carbon monoxide, carbon dioxide, formaldehyde

Continued on Page: 4 0001
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JiTBaker

j. i . rDaKer %.ntemtuat .
222 Rec Scnoo: Lane N'--* N 0865

Chemirec & t3001 424-9300
.Uational Response Center a 80OM 42--8802

M2015 -04 Methanol Page: 4
EfFective: 09/26/S Issued: 12/17/86

SECTION VII - SPILL AND DISPOSAL PROCEDURES
mipe amm mtnsamn mmmmhm =mm= f m siam mat ma amga W s-mma am aamamm= mamas
Stenas to be _takeni in the event of a suill or disscrg

Wear self-contained breathing apparatus and full protective clothing.
Shut off ignition sources; no flares, smoking or flames in area. Stop leak
if you can do so without'risk. Use water spray to reduce vapors. Take up
with sand or other non-combustible absorbent material and place into
container for later disposal. Flush area with water.

. T. Baker SolusorbR solvent adsorbent is recommended
for spills of this product.

1Disposal Procedure
Dispose in accordance with all applicable federal, state, and local
environmental regulations.

EPA Hazardous Waste Number: U154 (Toxic Waste)

SECTION UIII - INDUSTRIAL PROTECTIVE EQUIPHENT
------- m-m-mm---------m. = =-ammm--a= mm=mam.f--a-- m am amts-- m mmm sem-----.- m--a

Uentilation: - Use general or local exhaust ventilation to meet
TLU requirements.

espiratory Protection: Respiratory protection required if airborne
concentration exceeds TLV. At concentrations
above 200 ppm, a self-contained breathing
apparatus is advised.

Eye/Skin Protection: Safety goggles and face shield, uniform,
protective suit, rubber gloves are recommended.

aMmammasam m=--aamammm=a M a =_lmmsmmmmmmsam=taasaam M mfaaemmammlfa flflamm

SECTION IX - STORAGE AND HANDLING PRECAUTIONS
-m--.a- - - - ----am-- -m - ama Us mam-- -- -- - s a--.-.--- a-s - -a :=n--- ---mm--a-e -e saa mnam Ume--a-

SAF-T-DATATH Storage Color Code: Red

pecial Precautions
Bond and ground containers when transferring liquid. Keep container
tightly closed. Store in a cool, dry, well-ventilated, flammable liquid
storage area.

SECTION X - TRANSPORTATION DATA AND ADDITIONAL INFORMATION

DOMESTIC CD.O.T.)

Proper Shipping Name Methanol
Hazard Class Flammable liquid
UN/NA UN1230
Labels FLAMMABLE LIQUID
Reportable Quantity 5000 LBS.

Continued on Page: 5
0001I



--tBaker
J. T. Baker Chemical Co.

222 Red Scrou La-e PL"asbu-e J. 06&E5
2-.Hou- E*-e;e-c N e:m:e. - 'i 8-2?51

Chemarec a 18001 424-9300
National Response Center 9 (8001 424-8802

M2015 -04 methanol Page: S
Effective: 09/2-86 Issued: 12n17/86

SECTION X - TRANSPORTATION DATA AND ADDITIONAL INFORMATION (Continued)-

TNTERNATIONAL CI.M.O.)

Proper Shipping Name Methanol
Hazard Class 3.2, 6.1
UN/NA UN1230
Labels FLAHMABLE LIQUID, POISON

N/A - Not Applicable or Not Available

he information published in this Material Safety Data Sheet has been compiled
from our experience and data presented in various technical publications. It is
the user's responsibility to determine the suitability of this information for
the adoption of necessary safety precautions. We-reserve the right to revise
Material Safety Data Sheets periodically as new information becomes available.

-- LAST PAGE --
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H2379 -04 Hexanes Page: 1
EfFective: 09/26/88 Issued l2 7 36

------------------ - -m- a - a--a---a-- aamna m-aa m ma-fasinaln

SECTION I - PRODUCT IDENTIFICATION
nsannawsmamaissaaaflaaasa---------------------- ------ f a n n a m s a n

Product Name: - renes
Formtla: C-.

Formula Wt: 86.11
CAS No.: 0011-54-3
NIOSH/RTECS No.: mN9275000
Common Synonyms: NcrMal Hexaer; Hexyl Hydride
Product Codes -'.2,9306,Nlss,93o9,s38s

PRECAUTIONARY LAELLING

BETCER SAF-T-DTA st!ste

*1

9

.3

Precautionaru -abel Statements

DANGER !
CAUSES IRRITATION

EXTREHELY FLAMMABLE
HARMFUL _F CSWAL.LOZD, INHiALED, OR ABSORBED -ROUGF SIN

CAUTION: CONTAINS BENZENE, CANCER EAZARD
Keep away from heat, sparks, Flame.

Do'Tot breathe vapar. Keep in tightly.elosed container. Use Uith
adeqaate ventilaticn. [lash thoroughly after handlinc. In case oF Fire,
use alcohol Foam, dry chemical, carbon dioxide - water may be ineFfective.
Flush spill area wit: water spray.

SECTION II - HAZARD0US COMPONENTS

Como ne nt CAG Np.

>70 -
>17

n - Rexane
Methylpentanes

Continued on Page: 2-
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Cne-ni:ec 30 2-30"~ L ac

NaTicn p res:onse Ceer ' (8C1 424-8 302

23S-04 )iexanes Page:0E£ ctiue: 89/26/65 .Issued: 12/7,

sn SECTION II - HAEARDOUS CONFONENTS (Continued)

Methylcyclopentane >12 S6-37-.
Diethylbutanes > --------
Benzene S5ppm "1-43-
---------- ----o -a- m-a a ----s a m a a---- am-an - a-m- -a a- -s n- - aa-- - a--- - - -------

SECTION III - PFHSICAL DATA

Boiling Point: S9*C C ISOF) Uapor PressureCmng): 124

e.ting Point: -95*C -13S*:) Uapor DensityCair-1) 3.a

Specific Gravity: 0.60 Evacoration Rate: 9
C F0-E ) (Butyl Pcetate-l)2.

Sclubility(H 20): Negligible (less than 0.1 %) % Uclatiles by Volume: 10l

- Apceerance & Odor: Colorless licuid with mild ocor.

As S-S-CTION IU - FIRE AND EXPLOSION HAZARD DATA1>. ~ ~ ~ w esanassnssfulmuss=aMnMt w nam=- Mam asamasnsfnaaasennsa

Flash Point (Closed Cup): -22*C -?*F) NFPA 704M Rating: 1-3-0

- Flammable Limits: Upper - 7.5 t Lower - 1.1 t

'Fire !xtinguishin- Media
-- Use alcohol foam, dry chemical or carbon dioxide.

C Water may be ine lFective.)

SSpecial Fire-Fightino Procedures
Firefighters should wear proper protective equipment and self-contained
(positive pressure if available) breathing apparatus 'ith full Facepiece.
Move exposed. containers from fire area if it can be 'done without risk. -

Use water to keep fire-exposed containers cool.

UAcsual Fire & Sxosion azards
Uapors may flow along surfaces -to distant. ignition sources and flash-back.
Closed containers exposed to heat may explode. Contact with strong
oxidizers may cause fire,

Toxi~c Gases producedj
carbon monoxide, carbon dioxide

SECTION V - HEALTH HAZARD DATA

Blood changes have .been reported in laboratory animals. - Fetal death
has been reported in laboratory animals but not found in two additional

S s.tudies.

Threshold Limit Ualte (LU/TQA): 180- mg/m CSa ppm)

Continucd on Page: 30
0 00 1
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i 2379 -04 Hexanes Page 3
Issued: 1 2 'l?;ss

SECTION 0 - HEPLt4 HZ~ED DATA (Continued)

Permisih1le Exposure Limit (?) 1800 m/mi (500 ppm)

Toxicity: LD Ccral-rat)Cg/kg) - 28.7

Carcinogenicity: NT?: No ISRC: No 2 List: No OSHA reg: No

-. E??cCs oF Ov-rewocsurs
1 Inhalation oF vapors may cause headache, nausea, vomiting, diz:iness,

drotasiness, ir:iation oF respiratory tract, and loss oF consciousness.
Inhalaticn of vapors may cause narcosis.
Contact with skin or eyes may cause irritation.
Contact with skin has a defatting effect, causing drying and irritation.
Ingestion may cause nausea, vomiting, headaches, di:ciness,

- gastrointestinal irritation.
Chronic ef fncta of overexposure may include central neruous system
aepression.

Medica' Conditicns Genereilu Ocravated Bu Ex-xosure
None Identified

Routes OF Entru
inhalation, ingestion, eye contact, skin contact

IEme;-encu and First Aid Procedures
CALL A PSYSICIAN.
If swullowed, do NOT induce vomiting.
If inhaled, remove to fresh air. If not breathing, give artificial
respiration. IF breathing is difFicult, give oxygen.
-In case of contact, immediately Flush eyes or skin with plenty of water For

- at least 15 minutes.

This product contains up to 65 ppm of Bentene.

SECTION UI - REACTIUITY DATA
assns -man s ea n s----------------ennnanggsntaeassfaiaaa Snfl5

Stability: Stable Hazardous Polymerization: Will not occur

Conditions to Avoid: heat, Flame, other sources of ignition

Incompatibles: strong oxidizing agents, chlorine, fludrine,
magnesium perchlorate

Decomposition Products: carbon monoxide, carbon dioxide

SECTION OI - SPILL AND DISPOSAL PROCEDURES

-continued on Face: 4 0001



::!rV!% 'Joe; 9 3004
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H2379 -04 Hexanes Page: 4
09/26/8 Issued: 12/17/86

'c :SCTICN UII - SPILL ND DISFoSAL PROCEDURES (Continued)

Stems to be takean i the event oF a sill -r discharg a

Wear suitable orctactive clothing. Shut off ignition sources; no Flares,
smoking, or flames in area. Stop leak iF you can do so without risk. Use
water spray to reduce vapors. Take up with sand or other non-combustible
absorbent material and place into container For later disposal. Flush
area with water.

J. T. Baker Solusorb solvent adsorbent is recommended
For spills of this product.

4 Disnosal Procedure
Dispose in accordance with all applicable Federal, state, and local
environment al regulat ions.

EPA Hazardous aste Nube: DO (Ignitable Waste)

SECTION VIII - INDUSTRIAL PROTECTIVE EQUIPHENT

Ventilation: Use general or local exhaust ventilation to meet
TLU recuirements.

Respiratory Protection: Respiratory protection required if airborne
concentration exceeds TLU. At concentrations uc

s to 1000 pom, a chemical cartridge respirator witn
organic vapor cartridge is recommended. Above
this level, a self-contained breathing apparatus
is recommended.

Eye-/Skin Protection: Safety goggles, uniform, apron, neoprene gloves
are recommended;

SECTION IX - STORACE AND HANDLING PRECAUTIONS
=1ns a-esft~ asassm mma asM umeas am M a a a s n-m ess-sWm as as seam rnm

- TM
SAF-T-DTA Storage Color Code: - Red

Soecial Precautions
Bond and ground containers when transferring liquid. Keep container
tightly closed. Store in a cool, dry, &ell-ventilated, flammable liquid
storage area.

SECTION X - TRANSORTATION DATA AND ADDITIONAL INFORMATION

DOMESTIC (D.O.T.)

Proper Shipping Name Hexane
Hazard Class Flammable liquid
UN/NA UN1208
Labels FLAMMASLE LIQUID

Continued on Page: 5
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H2379 -04 Hexanes Page: 5
EFFectiver 09/2S/86 Issued: 12OS7,2

SECTION X - TRANSPORTATION DATA AND ADDITIONAL TNFORMATTON (Continued)

INTElNATTONAL ( I.M.0. )

Proper Shipping Name n:xanes
Hazard Class 3.1
UN/NA UN12GS
Labels FtiAMMABLE LIQUID

555 555 aamas a am -- n- an- -mm mws sw a mmmmm aetw mm mum -o muww w=no mam a swituse mna a Msnn asam

N/A - Not Applicable or Not Available

The information published in this Material Safety Data Sheet has been compiled
Erom our experience and data presented in various :echnical publications. It is
the user's responsibility to determine the suitability oF this information for
the adoption of necessary saFety precautions. 61e reserve the right to revise
Haterial Safety Data Sheets periodically as new inlormation becomes available.
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H38U -02 Hydrochloric Acid Page: I
Effective: 08/'7/86 . Issued: 12/17,s

SECTION r - PRODUCT IDENTIFICATION

Product Name: Hydrochloric Acid
Formula: HCl
Formula Wt: 36-46
CAS No.: 7647-01-0-
NIOSH/,RTECS No.; HtW4025000
Common Synonyms: Muriatic Acid; Chlorchydric Acid; Hydrochloride
Product Codes: 9543,S533,9553,5357,9534,9544,9529,3542,4800,9549,9530,9548 -

9540,9547,9546,S537

PRECAUTIONARY LABE-LING

BAKIER SAF-T-DATJH Sutem

li-AL-N nsuemm:rt RAc-rr ccrifcc

sIvZE HCr nooAT-C sce

I cO-g Ls ccar ectni Cc
- Gka.-L. S APRON $000 C..VES

Precautinaru tLabel Statements

POISON! DANGER!
CAUSES SEUERE BURNS

HY BE FATAL IF SUALLOWED OR INHALED
Do'not get in eyes, on skin, on clothing.

*Do not breathe vapor. Causes damage to Respiratory system Clungs),
eyes and skin.: reap in tightly closed container.- Loosen closure caut.ously.
Use cith adequate ventilation. Wash thoroughly after handling. In case
of spill neutralize with soda ash or lime and place in dry container.

SECTON II - HAZARDOUS CONPONENjTS

Cornnone rt t CAS Np.

Hydrochloric Acid (23* Baume) 35-40 - 7647-01-0

SECTION III - ?H SISCAL DATA
as~essaces asasana a sas seamamass=s".Aa amas a20 Omanas sa sa mmaassa Woanasn

Boiling Point: .lCC C 230*r) Uarnor PressureCmmHg): N/A

Continued on Page: 2 - oo:
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Malting Point: -25* C -13'F)

Specific Gravity: 1.19

(H 2 0-l)

SolubilityCH 2 0):

Uaper Density(air-1): 1.3

Evaporation Rate:
(Butyl Acetate-1)

N/A

Complete (in all proportions) % olatiles by Uolume: 100 -

Appearance & Odor: Clear, colorless or slightly yellow, pungent, fuming'liquid.
a a0 a= am aa a-t am aa = a- a asaaamna mas- ana a aa a' am mma aWm

SECTION 10 - FIRE AND EXPLOSION HAZARD DATA

Flash Point: N/A NF?A 704M Rating: ' 3-0-0

Flammable Limitsi Ucer - N/A t Loer - N/A %

Fire Exiomsi eHiiA
Use extinguishing media appropriate For surrounding Fire.

Snecial rirs-tirhtinc- Procadures

FireFighters should wear proper protective equipment and sel-contained
breathing apparatus with full Facepiece operated in positive pressure mode.
Move containers From Fire area iF it can be done without risk. Use water

to keep fire-exposed containers cool.
Do not get water inside containers.

Unusual .'r S Ex,losion F!ar&, s
May emit hydrogen gas upon contact with metal.

Toxic Gasts Produced
hydrogen chloride, hydrogen gas

-m -. -. .SEC, ION. .,. ? HEALTH HAZARD DATA -

PEL and TLU listed denote ceiling limit.

3
Threshold Limit Ualue (TLU/7tA): 7 mg/m (5

Permissibl: Exposure Limit (PEL): 7 mg/m3 C

Toxicity: LDs (oral-rabbit) (mg/kg)

LD ( ipr -mouse )(mg/kg )

LC (inhl-rat-1H) (ppm)

ppm)

-S So

- 40

.3104

Continued on Page: 3
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HW880 -02 Hydrochloric Acid Page: 2
EFFective: 08/07/86 Issued: 12/17/86

SECTION III - PHYSICAL DATA (Continued)
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H3880 -02 Hydrochloric Acid Page; 2
Effective: 08/07/86 Issued: 12/17/86

SECTION III - PHYSICAL DATA (Continued)

Malting Point: -25*C C -13F) Vapor DensityCair-1): 1.3

Specific Gravity: 1.1.5
CH2 0-1)

Solubility(o20):

Evaporation Rate:
(Butyl Acetate-1)

Complete (in all proportions) it olatiles by Uclame: 100 *

Appearance & Odor: Clear, colorless or slightly yellow, pungent, Fuming liquid.

SECTION W0 - FIRE AND EXPLOSION HAZARD DATA

Flash Point: N/A NF?A 704M Rating: 3-0-0

Flammable Limits: Ucer - N/P % Lower - N/A %

F r-e rxtinguishi n Media
Use extinguishing media appropriate For surrounding Fire.

Soecial Fire-Plehting- Procedures
Fir:Fighters should wear proper protective equipment and salF-contained
breathing apparatus uith Full Facepiece operated in positive pressure mode.

± Move containers from Fire area iF it can be done without risk. Use water
to keep fire-exposed containers cool.
Do not get water inside containers,

S

Unrsual Fire & -nlosion iazara
Hay emit hydrogen gas upon contact with metal.

Toxic Gases Produced
hydrogen chloride, hydrogen gas
an~ ~~~~~~a a=aamam=aaTa -*=ama mo=.a anna a tammaanawna unawma usa SaaafnaMW wm assasala

- - -. .'.SECTION. U. -. HEALTH HAZARD DATA
a ans a-aPEu anna -ass a a nUamas maL nisued dentaa a nailingli nmit.San saw a

PEL and 7WV listed denote ceiling limit.

Threshold Limit Ualus CTtU/TdA): 7 mg/m3 (5

Permissible Exposure Limit (PEL): 7 mg/m3 (5

Toxicity; LDs 0 (oral-rabbit)Cmg/kg) -.

LDs Cirpr-mouse)(mg/kg)

LC- (inhl-rat-iH) (ppm) 7

Continued on Page: 3
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H3880 -02 Hydrochloric Acid Page: 3
Effective: 08/07/-S Issued: 12/17./SS

SECTION U - HEALTH HAZARD DATA (Continued)
-- - --- a-- -a - --- --- a - -- ---------- --S - ~ . - a m s ~ -s u u

1
Carcinogenicity: NTP: No IARC: No Z List: No OSRA rag: No

Effects oF O2verewnesuqre
Inhalation of vapors may cause -pulmonary edema, circulatory system
collapse, damage to upper respiratory system, collapse.
Inhalation of vapors may cause coughing and difficult breathing.
Liquid may cause severe burns to skin and eyes.
Ingestion is harmful and-may be fatal.

Ingestion may cause severe burning of mouth and stomach.
-ngestion may cause nausea and vomiting.

Medical Conditions Generallu 4carauated Bu Exoosure
- N None Identified

Routes *- Entr-a

ingestion, inhalation, skin contact, eye contact

EmeroercandFirst Aid Procedures
CLL A PHYSICIAN.
If swallowed, do NOT induce vomiting; if conscious, give water, milk, or
milk of magnesia.
If inhaled, remove to fresh air. If not breathing, give artificial
respiration. If breathing is difficult, give oxygen.
In case of contact, immediately flush eyes or skin with plenty of water for

at least 15 minutes while removing contaminated clothing and shoes.
Wash clothing before re-use.

SECTION 0I - REACTIOLTY DATA

Stability: . Stable Hazardous Polymerization: Will not occur

Conditions to Avoid: heat, moisture

Inconipatibles: most common metals1 water, amines, metal oxides, .
j acetic anhydride, propiolactone, vinyl acetate,

mercuric sullate, calcium phosphide, formaldehyde,
alkalies, carbonates, strong bases,
sulfuric acid, chlorosulfonic acid

Decomposition Products: hydrogen chloride, hydrogen, chlorine

SECTION UII - SPILL AND DISPOSAL PROCEDURES

- Steos to be taken in the event oF a soill or discher7e
Wear'self-contained breathing apparatus and full protective clothing. Stop
leak if you can do so without risk. Uentilate area. Neutralite spil with
soda ash or lime. With clean shovel, carefully place material into clean,
dry container and couer; remove from-area. Flush spil area with water.

Continued on Page: 4
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Uentilation:

Respiratory Protection:

Us-e general or local exhaust ventilation to meet
TEV requirements.

Respiratory protection reguired if airborne
concentration exceeds TLU. At concentrations up
to 100 ppm, a chemical cartridge respirator with
acid cartridge is recommended. Above this level,
a self-contained breathing acraratcs is advised.

EieSkin Protection: Safety goggles and Face shield, uniForn,
protective suit, acid-resistant gloves are
recommended.

SECTION IX - STORRGZ AND HANDLING PRECAUTIONS

TH
SAF-T-DATA Storage Color Code: Uhite

( Soecial Precautions
1 Keep container tightly closed. Store in corrosion-proo 'area.

Isolate from incompatible materials.
Do not store near oxidizing materials.

SECTION X - TRANSPORTATION DATA AND ADDITIONA. INFORMATION

DOMESTIC (00..T.)

Proper Shipping Name
Hazard Class
tNNA.
Labels
Reportable Quantity

INTERNaTIONAL (T.H.O.)

Proper Shipping Name
Hazard Class

hydroc:hloric acid
Corrosive material Cliquid)
UN1783
CORROSIVE
5000 LES.

nydrochloric acid, solution
8

Continued on Page: 5
.0001

H3880 -02 Hydrochloric Acid Page. 4
Effective: OB/07/86 Issued: 12/l?/s

SECTION UZI - SPILL AND DISPOSAL PROCEDURES (Continued)

3. T. Baker NeutraaorbR or Neutrasol "Low Na+" acid neutralizers
are recommended For spills oF this product.

]Disnosal Procedure.
Dispose in accordance with all applicable federal, state, and local
environmental regulations.

EPA Hazardous Waste Number: D002 (Corrosive Waste)

SECTION III - INDUSTRIAr, PROTECTIUI EQtI?MENT
steam~~M. --ama mauanaa a eaaa n a sss namna lsac a MmamSun ma
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H3880 -02 )ydrochloric Acid Page: 5
Effective: 08/07/86 Issued: 12L7/86

- - -------m --- e ---. ---a -------------------- --- - -- - -- ------ f s - - - - a-

- SECTION X - TRANSPORTATION DATA AND ADDITIONAL INFORMATION (Continued)

UN/NA . UN1789
Labels CORROSIUE

N/A - Not Applicable- or Not Available

The information published in this Material Safety Data Sheet has been compiled
from our experience and data presented in various technical publications. It is
the user's responsibility to determine- the suitability of this information for
the adoption oF necessary safety precautions. le reserve the right to revise
Haterial Safety Data Sheets periodically as new information becomes available.

I4
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J.T.SAKERCR J-T. 3AKER CHEICAL CO. MATERIA
222 REO SCHOCL LANE PHILLI?SSURG, N.J. 08E65 SAFETY DA

24-HOUR EMERGENCY TELEPHONE .(Z01I359-ZL51 S-iEET .

CHE.MTREC 0(3001 424-9300
NATIONAL RESPCNSE CENTER 3(3002 424-3802

- 54040 -02 SOcIUM HYCROXIOE, SCLUiOrJS PAGE:
EFFECrIVE 08/28/86 ISSUED: 09/24/87

SECTION I - PRODUCT IDENTIFICATION

PRODUCT NAME: SODIUM HYDROXIDE, SCLUTIO.NS
- FORMULA: NACH IN HZ -

FORMULA -WT: 40.00
CAS W3.:
NIOSH/ZTECS NO.: W54900000
COMMON SYNONYMS: CAUSTIC SODA SOLUTION
PRODUCT CODES: 5635, 5636, 5633, 5634

PRECAUTIONARY LASELLING

- BAKER SAF-T-DATA( Th) SYSTEM
- ~H EA LTH------ --- Z-----MCO ERA TE

FLAMABI LITY--0-----NNE
%EACTIVITY-----I-----SLIGHT

C NT-A CT-------3---SEVSE
LASCRATORY PROTECIVE EQUIPMENT

GGGLES S SHIELD, LA3 COAT C APRON, VENT 1000, PROPER GLOVE
PRECAUTIONARY LAEEL STATEHENTS

SCODIUM HYDRCXIDE . -.. .. 0.1-4 1310-73-2

SECTION III - PHYSICAL DATA

BOILING POINT: N/AA VAPR PRESSUPE(MHGI N/A
MELTIN POINT: N/A VAPOR DENSITYCAIR=l3) N/A

COGNTINUED Ol PAGE: i
S4040 -02 SOCIUM HYDROXIDE, SCLUTIONS PAGE:
EFFECTIVE: 08/28/86 ISSUED: 09/24/87

SPECIFIC GRAVITY: N/A EVAPORATIC! RATE: N/A
( H2C=12 (BUTYL A CETA TE=L)

SOLUILITY [U2: CLt-MPLETE (IN ALL PROPOR7IS:: t VOLATILES BY VOLUME: >95
- APPEARANCE C 00OR: COLORLESS, ODORLESS LIQUID.

SECTTON IV - FIRE AND EXPLO3WMcAZAED..CATA

- FLASH POINT: N/A . NFPA TO4IM RATING: 3-0-1
FLAI91ASLELIMIJS:- -UPE -/A._ LOWEL~.- N/A; ...
FIRE SEXTIGUISHING MEDI

USE EXTING'JIS8ING MEDIA APPROPRIATE F3R SURRCUNDING FIRE.
SPECIAL FIRE-FIGHTING PROCEDURES

FLOOD ITH WATER, 00 NOT SPLATTER OR SPLASH THIS MATERIAL.
UNUSUAL FIRE Z EXPLCSION HAZADS

REACTS WIT MCST IETALS-TG PROCUCE HYDROCfl GAS, W*MICH CAR FORM AN

- t. - -



EXPLOSIV2 MIXTURE WITH AIR.

SECTION V - HEALTH HAZARD DATA

TOXICITY TEST RESULTS AND SAFETY AND HEALTH EFFECTS ARE EASED ON THE SOLUTE.
THRESHOLD LIMIT VALUE <9rLV/TWA): 2 M/Mi3 PM)
PERMISSI3LE EXPOSURE LDCIT (PELI: 2 MG/M3 c PPM)
TOXICITY: LOSO (IPR-MOUSE) (iG/KGJ - 40
CARCINCGENICITY: NTP: NIO IARC: NO Z LIST: NO OSHA REG: No.
EFFECTS OF OVEREXPOSURE

ImHALATION OF VAPDRS MAY CAUSE SEVERE IRRITATICN OR SURNS OF THE
RESPIRATORY SYSTE4, PULMONARY EDEMA, OR LUNG IIFLAMMATION.
LIID MA'Y CAUSE EURNS TO SKIN AND EYES.
LIQUID MAY CAUSE PERMANENT EYE DAMAGE.
INGESTION MAY CAUSE SEVERE SURNING OF MOUTH AND STlMACH
IGESTION MAY CAUSE NAUSEA AND VOMITING.

TARGET ORGANfS
EYES, SKIN, RESPI?.ATORY SYSTEM

CONTINUED ON PAGE: 3 -
- 54040 -02 SCIU. HYDROXIDE, SCLUTIONS PAGE: 3

IS S UED: 09/24/87ZEFFECTIVE: 03/28/36 SUE 9/47

'"CTI304 V - RSALTH HA.ARO DATA (CNTINUED)
MEDICAL CZNDZTIONS GENE='.ALLY AGGRAVATED *Y EXPOSURE

- 3NE 'IENTFIEC.
ROUTES OF ENTRY

.- INHALATION, IMCE STION, EYE CONTACT, SKIU CC:rACT
EMERGENCY AND FIRST AID PROCEDURES

- :ALL A PHYSICIAII.
IS SWALLOWEC, CO NCT INDUCE VOMITING; IF CCMSCIOUS, CIVE LARCE AMOUNTS OF
WATER. FOLLOW WITH DILUTED VINEGAR, FRUIT JUICE OR WHITES OF EGGS, BEATE!
WI TH WA TER. IF INHALED, RENCVE TO FRESH AIR. IF NOT EREATHING, GIVE
ARTIFICIAL RESPI?ATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN. IN CASE
OF CONTACT, IMMEDIATELY FLUSH EYES WITH PLENTY CF WATER FOR AT LEAST 15

- MINUJTES. FLUSH SKNWITH WATER.
TLY LISTED DENCTES CEILING LIMIT.

SECTION Vr -. REACT.IVITYDAT&_..

STABILZTY STABLE HAZARDOUS PCLYMERIZATION: WILL NOT OCCUR
INCOMPA TISLES: STRONG ACIDS, ORGANI'^ MATERIALS, MOST COMSON METALS, ZIIC,

ALLrINUM, MAGNESIUM, HALOGENAT20 HYDROCARONS-

SECTION VII - SPILL AND DISPOSA. PROCEDURES

STEPS TO BE TAKEN IN THE EENST OF A SPILL R DISCHARGE
dEAR SELF-CCMTAINEO BREATHING APPA?.ATUS AND FULL PROTECTIVE CLOTHING.

- STOP LEAK IF YOU CAM 00 SO WITHOUT RISK. VENTILATE AREA. CAREFULLY
UTRALIIE SPILL WITH DILUTE HCL. FLUSH AREA WITH FLOCOING AMOUNITS OF

-. - --- WA-'R.-- (US E CAUTIQG . - -- - --- -- - -
J.T. BAKER NEUTR ACIT-Z (R) CAUSTIC NJT?.A LIZES IS R ECMMENS ED FOR SELLS
O. THIS PRODUCT.-

-. :- DISPOSAL-.:R.CSDU -. . -.. _ - -- _- .- - . . . , - -- :--. -
DISPOSE IN ACCORCANCE WITH ALL APPLICAELE FEDERAL, STATE, AND LOCAL
EMVIRONMENTAL REGULATIONS.

CPA HAZARDOUS WASTE UMEER: OGDZ (CoRRCSIVE WASTE -)

-C:4TINUjE; Q PA GC: 4



54040 -02 SOCIUM HYDROXIDE, SCLUTIONS PAGE
EFECTIVE: 0 85 . ISE: 9/Z4/

SECTION VIII - INDUSTRIAL ?RCTECTIVE EQUIPENT

VENTILATION USE GENERAL CR LCCAL EXHAUST VENTILATION TO HEET
.TLY REQUIRE.EITS

R ES PIRA TRY PROT ECTIN: RESPIRATORY PRCTECTION REQUIREO IF AR30RNE
CONCENTRATION EXCEEDS TLV. AT C3NCENTRATIONS UP
TO 60 PPM, A HIGH-EFFICIENCY PARTICULATE
RESPIRATOR IS RSCOM.=NDED. AsOVS THIS LEVEL, A
SELF-CCflTAINSD BREATHING APPARATUS IS ADVISED.

- EYE/SKIN PROTECTION: SAFETY GOGLES AND FACE SHIELO, t!rtFOR.,
PROTECTIVE SUT, RUfSER CLOVES ARE RSCOMMENOED-

A8OVE I PPM, A SELF-CONTAINED BREATHING
APPARATUS IS ADVISED.

EYE/SKIN PROTECTICM SAFETY GCGGLES AiD FACE SHIELD, UNiIFCRM,
PROTECTIVE SUIT , ?ROPER GLOVES ARE 1:rZt: .

-- zECTION IX -STRAGE ANDALNG PRECAUTICNS

SAF-T-3ATACTM) STORAGE COLOR CO5E: -WHITE STRI?

SPECIAL PRECAUTICNS
KEE? CONTAI:NER TIGHTLY CLOSED. STRE r;N CRRZSIN PROC AREA.
ISCLATE FR2M .INCCiPATI9LE MATERIAL.-

SECTI:N X - TRANSPORTATIN DAYA AND ACC:TnGNAL ::FRMATICX

DOMESTIC (o.O-T.1

PROPER SHIPPING NAIME SODIUM HYDROXIDE, SOLUTION
HAZARD CLASS CORROSIVE MATERIAL (LICUID)

- UN/NA - UNla24
LABELS CORROSIVE
REPORTASLE QUANrITY 1000~LBS-

INTERNATINAL (1.M.C. I

PROPER SHIPPING NME SODIUM HYDROXIDE, SOLUTIC
HAZARD CLASS 8
u yiA ., I 4. -

LASELS CORROSIV

N/A NOT APPLICA3LE CR NOT AVAILASLE

- THE INFQRMATIlN PUBLI SHED I THIS MATERIAL SAFETY GATA SHEET HAS SEEN COMPILED
FROM OUR EXPERIENCE AND DATA PRESENTED Nll YARIOUS TECHNICAL PUBLICATIONS. T
IS THE USER'S-RESPCNS-IBILT-Y-TO DETERMINE THE SUI7ABILITY OF.H.S.NFORMATION
FOR THE ADOPTIOC4 CF NE:ESSARY SAFETY PRSCAUTIOUS. WE RESERVE TRE RIGHT TO
REVISE MATERIAL SAFETY DATA sHEETS PRI or:DALLY AS NEW INFOR4ATIGN BECOES

----- AVAILAs,E.--J. -- SAKER MAKES.- NO.WARRA:Y -. RE?R!SV:ZATI0L430U=ThS--
- ACCURACY Op. CCMPLETENESS NOR FITNESS FR PURPCSE OF THE INF0t9ATICU CONTAINEO

- HEREIN. COPYRI3MT 198T J.T. BAKER IC.

LAST PAE--



222 e SchocI Lane Philfis::r;. N.J. 08865
J-TBak r Z4-Hour Emergn::y TeleprIne -- (2011 3S-2151

Cherntree x (800) -24-9300
National Response Center # (800) 424-8802

S8234 -02 SulFuric Acid Page: 1
- EfFective: 09/08/8 - Issued: 12/17,s

SECTIOH Ia- PRODUCT IDEN7FICATION

7 Product Name Su cric Acid
A.Formulat H2 so

Formula Wt: 98.08
CAS No.: O7SS4-S3-9
NIOSH/RTECS No.: WSSS00000

Z Common Synonyms: Oil OE Uit:icl
Product Codes: 5030,9691,9E75,5340,9679,96S7,9074,SSSS,5694,9S8 1,988,9873

I= 32 , 5137, S695, 4802,968a4,9623 ,5--43,9s a ,5s374-

PRECAUTIONARY LABELLING

* THBAKER SAT-T-DAT A Tse

MREAL-,H rTLmtn'n REACvrY CMMC-

sZVERZ NCNE SEVERE ETREI Laoretoru Protetive "auinfmenz

LAs is crT vr'r PRCPEA
I s ' -I APRON H=OD Q.lVES

Precautionnar Label Statements

POISON! .DANG.2
HARMFUL I INHALSD

* CAUSES SEUERE SURNS
MAY BE FATAL IF SWALLOWED

REACTS UIOLENTLY WITd WATER.
Do ndt get in eyes, on skin,'r clothing.
Do inot breathe vapor. Keep-in tightly closed container. Loosen closure
cautiously. Use with adecuat: ventilation. Wash thoroughly after
handling. In case o spill neutralize uith soda ash or lime and place in

dry container.

S CTION II - HAZARDCUS COMPONENTS

_______Mr-'* CR5 NoComnone i CA N

Sulkuric Acid o90-100 7684-93-9

Continued on Pagel 2 0001



J--Bake 222 Red Scnoot Lane . .. P.i"osburg. N.J. 08865
244mur Emergency Telephone - (201) 859-2151

Chemtrec* (800) 424-9300
National Response Center # (800) 424-8802

I

.-

melting Point: -2'C C 28*F)

Specific Gravity: 1.84
(H 20-1)

So-lubility(H 20):

Uapor DensityCair-l): 3.4

Zvaporation Rate: -

(Butyl Acetate-lr-
(1

Complete (in all proportions) % Uolatiles by Uolume: N/A

Appearance & Odor: Clear, colorless to light yellou, oily odorless liquid.

SECTION IU - FIRE AND EXPLOSION HAZARD DATA

Flash Point: N/- NFA 704M Rating; 3-0-2 1W -

Flammable Limits: Upper - N/A % Leoer - N/A %

Fire Extincrishine Medina
Use dry chemical or carbon dioxide. Do not use water.

.Speciel Fire-Tiohtinc' Procedures -

Firefighters should wear proper protective equipment and self-contained
breathing apparatus with Full facepiece operated in positive pressure mode.
Do not get water inside containers.

~nsul FireA . xe-losion Mnerds
Reacts with most metals to produce hydrogen gas, which can form an
explosive mixture with air.
A violent exothermic reaction occurs with water. Su&FFicient heat
may be produced to ignite combustible materials.

Toxic Gases Prodgced
.-.. sulfur dioxid.

aa c1an aaasa a ff- asWacMsEC aam -mam a maAR aa
37-CTION U - HEALTH HAZARD DATA

manna W =Wc ams==a a=msacaaaamaacac Msasaa==,nssaaaaaM~tf=aaaU!"saasasaa

Threshold Limit Value CTLU/TWA): I

Permissible Exposure Limit CPEL):

Toxicity: LD5 0 Coral-rat)(mg/kg)

Tng/m3

mg/m 3 C
Ppm)

ppm)

--- 2140

Carcinogenicity: NTP: No IARC: No Z List: No OSHA rag: No

I
Continued on Page: 3

U 0-

S8234 -02 Sulfuric Acid Page: 2
EfFective: 09/08/S. Issued: 12/17/86

Sn S ---- - - S-a--a-S--- S-a--aasf5 ------------ 5~~ 555a

SECTION III - PHYSICAL DATA

Boiling Point: 327'C C 621'F) - Vapor Pressure(mmHg): <0.3
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222 R ed School Lane . PhilTibsturg. N.J.08385Jt1akER 24-Hour Emergency Telephone - (201) 859-2151
Chemtrec (800).A24-9300-.

National Resoonse Center N (800) 424-802

S8234 -02 Sulfuric Acid Page: 3
Egfective: 09/08/8S Issuedt 12.17/86

SECTION U - HEALT HAARD DATA (Continued)
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Effects of Overexnsre -
Inhalation of vapors-may cause severe irritation of the respiratory system.
Liquid may cause severe burns to skin and eyes.
Ingestion is harmful and may be fatal.
Ingestion may cause nauaea and vomiting.
Ingestion may cause severe burns to mouth, throat, and stomach. May have

_ adverse eFfect on kidney function and may be fatal.
Chronic overexposure may result in lung damage.

Hedical Conditions Generally Accravated EU Exoosure
None Identified

Routes O= Sntrn
inhalation, ingestion, eye contact, skin contact

Emer-encu and First Aid Procadures
CALL A PEYSICIAN.
If smalleued, do NOT induce vomiting; if conscious, give Uater, milk, or
milk of magnesia.
If inhaled, remove to fresh air. If not breathing, give artificial
respiration. - IF breathing is difficult, give oxygen.

.7In case of contact, immediately flush eyes or skin with plenty of water for
at least 15 minutes while removing contaminated clothing and shoes.
Wash clothing before re-use.

SECTION UI - REACTIUITY DATA

Stabili: St Hazardous Polymeriation: (1ll not occur

Conditions to Avoid: moisture, heat

- Incompatibles: water, most common metals, organic materials,
strong reducing agents-, combustible materials,
strong bases, strong oxidizing agents

Decomposition Products: oxides of sulaur

SECTION VII - SPILL AND DISPOSAL FROCfDURES

Stems to be taken in the event of a still or discharee
Wear self-contained breathing apparatus and fall protective 'lothing.

- Stop. leak: i F you. can do. so. without r isk. .DO NOT use water.
Neutralize soill and/or washings with soda ash or lime.

- With clean shovel, place material -into clean, dry container and cover.
Have container(s) from still area.

J. T. Baker Neutrasorb. or NeutrasolR "Lou Na+' acid neutrali=ers

.Continued on Page: 4 to 0I
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SECTION UII - SPILL AND DISPO.SAL PROCEDUTRES (Continued)
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are recommended for spills oF this product.

DisposalProcedure. -.

. Dispose in accordance with all applicable federal, state, and local
environmental reaulations.

EPA Hazardous Waste Number: D002, D003 (Corrosive, Reactive aste)

SECTION UIII - INDUSTRIAL PROTECTIVU vQUIPMENT

Ventilation: Use general or local exhaust ventilation to meet
TLU requirements.

t

Respiratory Protection: None required where appropriate ventilation
conditions exist. IF the TLU is exceeded, a self-
contained breathing apparataa is advised.

Eye/Skin Protection: SaFety goggles and Face shield, uniForv,
protective suit, rubber gloves are recommended.

. SECTION IX - STORAGE AND HANDLING PRECAUTIONSr n a m- aa-- sa--s-a-aa--nua--mn-a- - -------a-a----an 555 nf -------- S- mm

THSAF-T-D19TA Stcrag&- Color Code: Gh it e

Sneejal Preeaut'ions
Keep container tightly closed. Store in corrosion-proof area.
Keep containers out o4 sun and away From heat.

SECTION X - TRANSPORTATION DATA AND -ADDITIONAL INFORMATION

DOM!STTC rnav.r.

Proper Shipping Name
*3azard Class
UN/NA
Labels

- Reportable Quantity

TNTEiNATTONAL (T.H.O.)

SulFuric acid
Corrosive material (liquid)
UNIS3 0
cc RROS:E
1300 LES.

Proper Shipping Name Sulphuric acid
Hazard Class a
UN/rNA ---- UN1830 -
Labels - CORROSIVE
a atmass-mama mass seaman ama scamsma ma sass M~ a =a= m uftMaas ama Ssnfa am mmatmfln42

N/A - Not Applicable or Not Available

The information published in this Material Safety -Data Sheet has been compiled

Continued on Page: 5
0001
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from our experience and data presented in various technical publications. It is
the user's responsibility to determine the suitability of this information for
the adoption of necessary safety precautioris. le reserve the right to revise
Material Safety Data Sheets periodically as now information becomes available.
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SECTION I - PRODUCT IDENT:FICATION

Product Name: Nitric Acid
Formula: HNO 3

Formula Ut: 63.01
CAS No.: 7697-37-2
NIOSH/RTSCS No.: ,QU57?5000
Common Synonms: Eydrgen Nitrate; Azotic Acid
Product.Codes: 4801,9605,9602,5596,9806,6960,9597,9600,S113,961S,5371

SRECA[IT I ONARY LASBE-L ING

BA0CER SF -ATA'Sste

stE~m Naa sErM CAnM-
1 Laboratoro Proteetivoe L1141

?reeautionaru Label Statements

POISON! DANG2RI
STRONG OXIDIZER - CONTACT WI-t OTHER HATZRIAL MAY CAUSE FIRE

LIQUID AND ORAPOR CAUSE SEUERS BURNS - HAY BE FATAL IF SWALLOWED
. HARMFUL IF INEALED AND MAY CAUSE DELAY!D LUNG INJURY

SPILLAGE MAY CAUSE Frz OR LIBERATE DANGEROUS GAS
Keep from contact with clothing and other combustible materials. Do not
store sncar combusktiblc materials. Do not get in ayes, on skin, on clothing.
Di not' breathe uapor.- Keep' in tightly closed container. Ua- with adequate -

ventilation. In case at firs, ase water spray, alcohol foam, dry chemical,
br carbon dioxide. Flush sill area with waterspray.

SECTZON II - HAZARDOUS COMPCNENTS

Comoonent t CAS No.

Nitric Acid -5-75 7837-37-2

Continued on Page: 2
- 0 00 1
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N3660 -02 Nitric Acid Page. 2
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SSCTION III - PRYSICAL DATA

Boiling Point: 12I*C C 25S'F) Vapor PressureCmml'g):

Melting Point: -42'C C -44'@7)

SpeciFic Gravity: 1.41
CH2 0-1) -

Solubility(C2 0):

Uapor Densiitairtl):

Evaporation Rate:
(Butyl Acetate-1)

Complete (in all proportions) t olatiles by Volume: 10G

Appearance & Odor: Colorless liquid, with choking odor.
naaema mean anwm at Maon Snnamu aeiunamanas ms aal an-ass Man aa n- memnse

SECTION 10 - FIRE AND EXPLOSION WAZARD DAT4

Flash Point: N/A NFP 704M Rating: 3-0-0 OXY

Flammable Limits: Up=er - N/A .t Lower - N/A %

Fire EtincuishingMedia
Use water spray.

Scecial Fire-Fichtina Procedures
FireFighters should wear proper protective equipment and self-contained
breathing apparatus with full Facepiece operated in positive pressure mode.
Move exposed containers from fire area if it can be done without risk.
Use water to keep fire-exposed containers cool; do not get water inside
containers.

Unusual Fire & Exolos ion Hgzards
Strong oxidizer. Contact with other material may cause Fire.

Toxic Gases Produced
nitrogen oxides, hydrogen gas

011031040411201 IWMCTn a'-' u aN amansa meEA tse no nLaTHme 5 - mesa na-nuns a ew - a a

-S~ & -- SCIONC - !isZ;Lr-1 HAZARD DATA

. Threshold Limit Value CTL/TWA): 5 mg/M3 (2

Short-Term Exposure Limit (STEL): 10 mgflT (4

Permissible Exoosure Limit (PEL): 5 mg/m- (2

ppm)

ppm)

pp7m)

Carcinogenicity: NT?: No IARC: No Z List; No OSHA reg: Ho

Aff!Cts O= CuerexmOsure -
Inhalation oF vapors may cause nausea, vomiting,' lightheadedness or

Continued on Page: 3 -
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SSCTION U - EEALr HAZARD DATA (Continued)

headache.
Inhalatioh of vapors may cause severe irritation of the respiratory system.
Inhalation of vapors ma.y cause coughing, chest pains, difficulty breathing,
or unconsciousness.
Contact with liquid or vapor may cause severe irritation or barns of the
skin, eyes, and mucous membranes.
Ingestion may cause severe burns to mouth, throat, and stomach. May have.
adverse eFfect on kidney Function and may be Fatal.
Ingestion is harmFul and may be fatal.

; Hedjeal Conditions Generaliu Age-ravated Bu xcosure

None Identified

Rogtes Of Entru

inhalation, ingestion, eye contact, skin contact

amereencn and First Qid ProcedL!rs
CALL A PHYSICIN.
I4 swallowed, do NOT induce vomiting; if conscious, give water, milk, or
milk of magnesia.
If inhaled, remove to fresh air. IF not breathing, give artificial
respiration. If breathing is difficult, give oxygen.
In case of contact, immediately flush eyes or skin- with plenty of water for
at least 15 minutes while removing contaminated clothing and shoes.
jash.clothing before re-use.

1 555 a an Swan a as ainas -m as amana n-a aaU Unn=e_ M a aaaam aess =amn Ma a amas=a S

SECTION UI - REACTIUITY DATA

Stability: Stable - Hazardous Polymerization: Qill not occur

Conditions to Avoid.: heat, light, moisture

strong bases, combustible materials,
- strong redding'&gents, -alkalies; most common metals,

organic materials, alcohols, carbides

Decomnosition Products: oxides of nitrogen, hydrogen

SECTION UII - SPILL AND DISPOSAL PROCEDURZES
aa a na== sMas se a=ama as nn ams = na a Ma=a anM=a a am=a a mu mmmuaaam waananfla an am maaf -5

Steos to be taken in the event of a soill or discharoce
Wear self-contained breathing apparatus and-Full protective clothing. . Stop
leak if you can do so uithout risk. Ventilate area. Neutralize spill with
soda ash or lime-. With clean shovel, carefully place material into clean,I dry container and cover; remove From area. Flush spill area with water.
Keep combustibles Cuood, paper, oil, etc.) away From spilled material.

J. T. Baker Neutrasorb or Neutrasol Law Na+" acid neutrali:ers

Continued on ?age : 4
0 0 ..
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SECTION UII - SPILL AND DISPOSAL PROCEZURES CContinued)

are recommended For spills of this product.

.-Disposal Procedure
Dispose in accordance with all applicable Federal, state, and local
environmental regulations.

E?A Hazardous Liaste Number: D002 (Corresive Waste)

SECTION UIII - INDUSTRIAL pROTECTIU EQUIPMENT

Uentilation: Use general or loca-1 exhaust ventilation to meat
TL requirements.

Respiratory Protection: Respiratory protection recaired if airborne
concentration excesds TLU. At concentrations up
to 100 ppm, a chemical cartridge reszirator with
acid cartridge is recommended. Above this level,
a selF-contained breath-ing atparates is advised.

ye/Skin Protection: Safety goggles and face shield, uniForm,
Spro..ective suit, acid-resistant gloves are

recommended.

SECTION IX - STCRGE AND HANDLING FRECAUTIONS

SAF-T-DATA Storage Color Code: Yellow

- Soecial Precautions
. eep container tightly closed. Store separately and away from Flammable

and combustible materials.

SECTION X -' TRANSPORTATION DATA AND ADDITIONAL INFORMATION
aa acaasumnmasm wi=0 ammaamaaaaaamm ns mnam=mum=

:DOMESTIC 0D.C.T.)

Proper Shipping Name Nitric acid (over 40%) Poison - Inhalation Hazard
Hazard Class Oxidizer
UN/NA UN203 I
Labe s - OXIDIZER, CORROSIUE
Reportable Quantity 1000 LBS.

* INTERNATIONAL (I.H.O.)
1
f Proper Shipping Name .. Nitric acid
I Hazard Class a

UN/NA UN2031
4 Labels CORROSIE

Continued on ?age; -
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N/A - Not Applicable or Not Available

The information published in this Haterial Safety Data Sheet has been compiled
from our experience and data presented in various technical publications. It is
the user's responsibility to determine the suitability of this information for
the adoption oF nejcessary safety precautions. We reserve the right to revise ~
Material Safety Data Sheets ~periodically as new information becomes available.
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J. r."AK$0 INC. 22 a: SCT'AL Lt/ PMILL I 0S4U', FJ ?? 65
iA T E . I A L S A = T Y nA T % S U C F T

Z-,r.S 2.'*-c..'Cy T.LPM 1$ -- (2'' g5 q-;15L

. Cm mTREc. a (S'AI 424-9 30 -- NATI:.AL SPQMSE C=T 2 :01 c 2-

4ft.J5 2-9PMO. P .AGE:
FECTLV.: 04/1o0 tSSUED: Q4/14/9

P?.CAUrtoNfP.Y LA9ELE. G (CQ T[ US3

1N TERNATrJl&AL I.ACELENG

NHLY FLAt!A-'LE.
FP CJNTALM'F TIGHTLY CLSi0. KEEP AWAY CPQM ;OURCES OF tGN[TEN - N-
'K G.-

F-T->ATAa STtJAGE COLLS CO0: RF IQLAMtAFLF)

sUcT[ uC - CONPQN&TS

MP:E.T Cjs NO. wEtT OSH/PL ACGIH/TLV
PROPA OL 67-13-0 9?-100 400 PP 4 0 0PM

SECTI'4 [[ - PHYS[CIL 0;TA

ILiNG PGINT: S2 C (7- F) VAPOR PRESSURE MGJ: 33
(AT TAO MM HG) (29 Cl

LT'I-r PUInT: -39 C C-LeS F) VAPOR DENSITY CA[Rt): 2.1
(AT 160 M' HGM

'ECFLC GRAVITY: 0.7? CVAPOTATION RATE: 2.S

.(H21= (PUTYL AC=TATE =1

LU3ILCTYCH20)? CZMPLETE (100%) % VOLATELES KY VOLUME: 100

i: N/A -

tP TH.AESH'LD (0.'.M.Jt 2.2 ~ HYSICAL STAT: LIQUID

3EF=[CI?= WATEA/IL [STP[.UTICN: N/A

''EARANCCE 4 CL0( CLEAR, CCLOkLESS L[ JlEW. ALCOF(L 00R.

CCNTINU O OS OAGE: 3
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J..?AKr.- ::t. uZe KC') SCiat LA:=, Lt0 VtS't5UZ.. iJ 2jqV%5
M A r I: I A L S & F C T Y ') 4 T A s a E. r r

.- wauj E3tcsNCY rt.L9Pc4= -- It 71 !5',- jI
C.tIEC 1 (h) 4Z4-$zJ -- 'iATt'-L !rtSPO.S~ CS':TF.=1 eC?91 <-?

roll .1-'Ci 3
ecT VE! I / C0 -30E 04 '/9

SECTC" IV - FI' aW L-PL3LF HA.ArA rATA -

SH ?01NT (CLO S;:J CU) I I C ( 5T r I

TcL[P! ITirra TF:. : RATIJR.: 3q C (I"0 ;:I

NFPA 7047M RATVIG: 1-3-0

'AW.L LIM[T S: iP - tZ-O . - 2.) t

xr rMi a'JE s-t3ir , A;r &
U3m: ALCrqWL rCAM, Q4'Y. CHBt-ICAL Tf CA?.VJ' cI:Xu. MArE9" YAY -

.4N.FFECT[V=.
ECNSPICTA .

d ~t !E-Ftr;HitC PC3C-*YURE5
V i ' rtCirs Sh7I'Li 4 'I R P C LPC P; -T CT[V5 u MENT AN10 SLF-C'2NT ACNW)

,9!ATHING APPATUS .itTt FULL =3CTPEC PESAtEO tN POSIT VE r ESSUP.

0Gt. "V' C3J!TA[NiRS FPGC FU!' AF.EA IF [T CAN SE CCNE WtiT-4CUT rS!K. USE:
tT.=R T K EP FfRE-=P.i0SEI CONT A [NE. C1!OL.

AL F1R: & EAPLOS0, h I AZa0)

AWOAS mY CLOt ALONG SUAMACSS TZ nISTANT .GMTEGN 500ACS5 ANl FLASH "ACK.
CLS4O CONTAINkS EAPCSEO TO HEAT MAY EXPL2OE. CONTACT WITH ST'rTG5
XDItRS 4AY CAUSE FtR.

x XC ~ GA SE S P 0JCLE
CAA"rh1N IONOXICE, CAA;iON IOXIOZi

kFLUSIN?4 DATA-SENSITtVITY TO MwCHA'I[CAL LPPACT

PLUStON DATA-SENSITIVTY TO STATIC DISCHARGS
8A 1DCMTLFIF,)

SiCTtCI V - .EALTM HATAqD rATA

JRESHOLO L!MIT VALUE (tLV/T'U: 9TV) M1/.3

;HGr-r Ms !' 'X-OSUt: LInT IST.L: 1223 MG/P3

RAV!51HLn EXP 1 3URr LZNET (P5lI. %c MG/M3

(400 P04)

(500 PPM)

(300 PPM)

C [CITY CF C9M004NENTS

COINT NU9O LIN PAGE : 4
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j-To% A,:. '4C. - 22- .< 3 S it LA'4F , PutLL[?Si' G* %J "'1--
Ar 9 AL S AF T Y 0 A T A S . E T

l--haJ F6 r-4'CY TLEDMUNE -- s7Rn) 39-Z L1
Csh?-If'-.C r) IA*.7,I 4Z4,.'lJC -- r.-T[.3!AL CS9 :S c:NTV= d ('.4' L-24-t:3m)

e at1 mil,EFKFCTIVi 04/1/1 e)
PA ^ C'-: 4

([;'gr: 04/t4/90

SL.CTIC'-i V - ALrH l;azA7.0 ST\ (C)NTt.UL)

)RAL RAT-LD50 FOU. !- P9Pl0L
I'iflA?EITfl'AL '+)USF 1350 R2R a-PMPANL
)kAL CC L'JSU FC4 -0QPAPNUL
;KIN ;At:jr L15O ="10 V 2-PPAIfL
:AaClNUGE;[CITY: NTO: NO LARC: r4-

S 40 .IG/KG
fr33 Mn/vrj

650 -MG/KG
13 G/K'

'' LIST: W) - 'tA 7$: 'L-

AR C '%-.11GS IC I TY
NNE Q 10NTEL50.

(EPROOUCT[VF EFFECTS
NONE IOS;4T i ( D.

EF.=ECT5 'IF 1VEREXP-iSURE

I 1t.LAT (ON:

SKIN Lc1TACT:

Fyi- COnTACT:

[O F AT (IN o- us: ANZ T4R cAT, HEAQIACP2t ,'j AU^
0IZ/.[YASS, .wS3, [STTIGN CF UPPEP. 9CPE.ATZ'Y

TRACT, AACOStS 9 cpr;AL A:ERVIUS sYsrCA1 0Ds4ESS[-h
LiIFF CULT '3RPATHI t G, PIL t4ALRY EEA , U'C"tNSC$(iJSSS

1P.0 rTArION, oaLEQ1coE CONTACT .AY CAUSE OER:ATTI S

IRMl I TATtaln, 'AY CAUSI CGPNSAL IAUAGE

SKIN A3SRPT'J-4: .AP O ASORRT[ZN

I:ACAC4E, R 4AUSCA, Vo01Ti N, Ofr IZLLS3 , CAS T'nI -STIM&L
I[ITATIN, ?ARCQS[3, CENTRAL NEWVCUS SYSTE' E_'605E5rl
UNCf2NSC LOUSNES 5

CHRONIC EFFECTS.: .NOEN LDrNTIFIED

rAkGET i3$CA15

EYLS, SK.I, ASPt sATURY SY'aT27' LUN S, ClTtAL NES'rYUS SYSTM

i:uCAL CCP.JtTt OjTS CY EiALLY ACGRANvTZ'. 3Y EKPOSUR'
5XIN CE--J0E'S, -;YE 2)ISA:RS, =3SPtRAtTRY SYST1 OS:ASc

:t[MAP.Y RUris OF :.MTY
P*IHALATEON, [.-ESTifl, SKIN CONTACT, CYv C-3rTACT, A S3qoTiCN

CONT.NUEJ a': PAGE: 5
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J.t cAI- LrC- ?? R:1 SCH3.sL UV3, DfLtNl"S'U'G. NJ ' =J.
VATERiAL ; F r Y V A T A S " C T

2-'+3U EM4';CY rELEP'lr: -- (271) !59-2151
CHZ'ikC VJ'01 0--4-930 -- 'ATLMAL .SPnSF CP'ITL2 C (al 420-140:

@540G L 1)5 2 --P R.o 0Lca &tt: 5
CrFECTIVX: 04/11/r -1JE9: O4/L4/P2

sicrwi[- V - HIALTH HAZAS !ATA (CONTrUW=)

EMERG.-CY ANO F?.ST AID P.Ci1URES

INICST [E: CALL A ?NY:ICIAN. [F SALLCISW. I" L:JN$C[2Si &V LARG:
AVCU0'rS 15F 4AT. (NUiCr V.lt'TIG.

ImHALATf&: IF fN.fAL: S1 RFMCCV TO FUSP A £S. v NoT .ArTHIN;. Grv .
AkTCFT C(AL .ESPIRiT 0Y:. F 3rREATHfNC IS GMFtECULT, '1VE

,KN C.arcT: Eu CA53v r% CcAomicT, JMW=ATELY FLUS SKIn 4MTr PL10 iF
447Ev FCR AT LEsSr 15 WLNuTS wiLt R0EAa [C CrNT--i[(,:rcn
(LrCNG AND SHOS. WASP CLITHING KEF R-USN -

EYE CONTACT: [n CASE Ur M:-Y CUNTACr, IMMEQ[ATELY =LUSH WITH PLSNTY OF
iATES FOR AT LEAST L5 M[NUTES.

MFOICAL SURVitLLANCS
PROVIOL PQCPLACCMCNT 4AJC DEP.[CD(C m4:IC4L =xAm5 -IUX EMomASIS ON SKUJr.
SENUSS. ANC PES!P.ATORY SYST7w.

SAAA/TZTLE [II HAZARD CATEGORFES ANO LFSTS

ACUTE: YS CHCVIC: YAS FLAMA&[LIrY: YSS PRESSURE: NZ QACTIVtTY: 0

XREMELY HALAAOUS SUJSTANCE: NO
CERCLA HAZA0US Si..STAMC.: NO

AA 3L3 TOXIC CHEMICALS: YES CCNTAINS [SOPRUPYL ALC-HOL
GENERIC LLASS: COS

TSCA IvfW!NTORY: YES

SECTPON VI - V.ACTIVITY OATA

STAPILITY: STAHLE AZA3CUS 0 OLYME[ZATWIN: W[LL NOT OCCUq

CihIMTIOiS T.J AVJ(C: 14SAT, -LAE., JT?.: SOUICSS OF [$N'tTICAN

ENCOMPATC"LES: srmnc OXI'8ZI'fl ACENTS, ALUMENUM sr0G ACDl5,
N[TLC AC[, SULFUC ACID, HALOGEraS, ACTIVE H.ALOCCN -

CI?OJNS, tAMI.ZS AND A MMONIA, ALDEHYES .

CP4T[NUE0 it OAK: ft

VA- - - - - -"b" IW 9 T J T Ki -7 ^ " c -3 0
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't-T E 2 A L SACTrY :)AT& SHLLT

24-Wt U EflE~ctV.Y T=L20t~i -- (2:31) A94-2 ($l
cha'i-.it : (1:2, 424-9.301 -- :AT l-YIAL Lks?:57 CENTFR t (1201 41 -=.OZ

23-.RPNL PaGr: 6
sSUGc-: 134/t/90 tCL rS vrECTEv5: 04/1*'/-'u

-- = =-- == - -. " :r = - =.. -- r==lz===

SCCTE'JN V - rActvIrY 'ATA (CV TI TUU)

3 C P;5 L INtI %Z! CTS: CAA 12 x T., CAtC-l r.'TLXIt

SCCTI)M Vl[ - SPILL . DISPQSAL PJ0CF5U S

ST S r PL TAK ' Ti V:i"r l A SIPLL Zn %IA 2G
4.A SUC A.L;. -TLZ rv CL' -T..;. sut re? GNtTtch SOUPC.S: F0 5t-s,
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SECTION I - ?RCDUCT IDENTIFICATrON
sumacammmmmsanaam asmaemasaainmssmmaama a aOa a -M a a momn=saammam aammm

Product' Name: 2-Propanol
Formula: CH CH3 HCR.
Formula Ut: 60.10
CAS No.: 00067-63-1
NIOSH/eRTECS No.: NTOSOO
Common Synnyms: Iasopropanol; Iscpropeyl Alcohol' IA; se#-Propanol

Dimethylcarbinol
Product Codes: sat0,S983,9088,9324,S095,9079,9089,9094,S373,90S1,9002

PRECAU'"ONfARY LABELLING
aa amfllamfl~ am== mu aE" mumV mm wanmamM am"" ama aam ama a a macam MmMaU an "Mm mmmnaaaa~ft

TMBAKER SAf-T- TA S1stem

W3RNING I
rLAHMABLE.

CAUSES IRRI'TPTION
HARMFUL IF SQALLOGED OR INHALED

Keep away from heat, sparks, flame. Avoid contact with eyes, skin, clothing.
--Avoid. breathing. vapor- Keep in tightly closed container- -Use with.
adequat'e ventilation. Vash thoroughy afte' handling. tn case of Eire,
use alcohol foam, dry chemical, carbon dioxide - water may be ineffective.
Flush spill area with water spray.
a nme mulm am amaMM at aaa ma-nmum-r anu fMmma am aau-aaaamuaaammam as ama a m-SWm mm

SECTION II - EAZARDCUS COMPONENTS
ama a a ama amalanaa man mmsam ma ama=a-ama- m- a mmma amaas-mamaaaemammman

Compoen tCMS No

2-Propanol 90-100 67-63-
---2-Propanol - - . - -- -- - -. 0=10 on..$g-.

-. Continaed on Page: 2 00
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SECTION II - RAZARDOUS COMPONENTS CContinued)

2-Propano1 98-100 87-83-0

sECTION 11I - PHYSICAL DAVa

Boiling Point: 82C C 100F) Uapor Prcssor.Cnmfg): 33

Helting Point: -839C C -128'e) Vapor Density(aira-l: 2.1

Specific Gravity: 0.79
M 20.1)

Evaporation Rate:
CButyl Acetate-1)

Soluibility(E20o: Complete (in all proportions). t Volatiles by Volume: 100

Appearance & Odor: Lictaid with slight odor of rubbing alcohol.

SECTION IU - FIRE AND EXPLOSION EAZARD DATA

Flash Point (Closed Cup): 12'C C 53F) NFP 704M Rating: 1-3-Q

Flammable Limits: Upper -

Fire ExtinugisMne .Hedi.
Use alcohol foam, dry
(Water may be ineffec

12 % Lower - 2.0 %

chemical or carbon dioxide .
tive.)

Soecial Fire-Fighting Procedres.
Firefighters should wear proper protective equipment and selF-contained
breathing apparatns with fall Facepiece operated in positive pressure made.
Move containers from fire area if it can be done without risk. Use water

- . to -keep fire-exposed containers coal.

Unesna1..Fire A Explosin Watards.
Uapors may flow .alo'ng surfaces to distant ignition sources and flash back.
-Clased containers exposed to heat.may iixplcde: Contact with strong
oxidizers maY cause fire.

Taxic Gases Produced
carbon mddoxide, carbon dioxide

SECTION v - ElALTH HAZARD DATA
assMI mm amM amM nmm nsa SamnOMM mama as Mmma M M mcmmasmMM 01a0ma man mm= mmmss as n mSS -

Threshold Limit Value CTL/TlA)l: S9 a mg/fm3 (400 ppm) ,

Short-Term Exposure Limit CSTEL): 1225 mg/m .(S0 ppm)

Permissible Exposure Limit (FEL): 90 mg/m3 (400 ppm)

Continued on Page: 3 0001
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SECTION U - HEALIE HAZARD DATA (Continued)

Toxicity: LD50 Coral-rat)(mgfkg) - S840

LD5 0 C ipr-mouse ) Cmg/kg) - 933

LD5 0 Coral-dog) Cmg/kg) .- 8150

LDS s Cakn-rabbit) (.C/kg) - 13

Carcinogenicity: N'TF: No IARC: No Z List; No OSHA rag: Ne

~ £sets of Ouereszre
Uapors may be irritating to eyes, nose and throat.
Inhalation of vapors may cause .hcadache, nausea, vomiting, dizziness,
drousiness, irritation of respiratory tract, and loss of consciousness.
Liquid may be irritating to skin and eyes. Prolonged skin contact may
result in dermatitis. Eye contact may result in temporary corneal damage
Substance is readily absorbed through the skin.

%Ingesti.on may cause nausea, ucciting, headaches, di::iness,
gastrointestinal irritation.

-HNedical Conditions Generallu AaeuaVatsd Bu Exposure
None Identified

- Ronten or Entru
inhalation, ingestion, skin cntact, eye contact

Emerasncu end First Aid Ptocedres:
CALL A PHYSICIAN.
If swallowed, if conscious, give large amounts oF water.. Induce voiting.
IF inhaled, remove to Fresh air.' IF not breathing, give artificial
respiration. If breathing is difficult, give oxygen.
In case of contact, immediately flush eyes with plenty'of water for at
least 15 minutes. Flush skin uith water.

MWI Im ma sa "s amM amm mant - mammam a M msta ma a ass tmnm ama a0 sawsamm us m

- SECTION 01 - REACTIUITY DATA

Stability: Stable - Hazardous Polymerization: Will not occur

Conditions to Avoid: heat, flame, other sources of ignition

I Incoinatibles: strong oxidizing agents, ~aluminum, strong acids,
nitric acid, sulfuric acid, halogens,
active halogen compounds

Decomposition Prodicts:- -carbon monoxidej carbon dioxide
mmaI nasaM muassasi amas amas aIMmft0m a s mam mm _man ftamsanm mammaam aMmas.=Mm Man

SECTION UII - SPILL AND DISPOSAL PROCEDURES

Stens to be taken in the event of a saiul or discharge
(dear suitable protective clothing. Shut off ignition sources; no flares,

Continued on Page: 4 0001
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SECTION UII - SPILL AND DISPOSSL PROCEDURES CContinued)
S SSSMMMMMM esa af 5 m a Mml"f " a 0 e " ss" Md.=man ~ m m ane SW-S sam. Scan asses= assM a

smoking, or flames in area. Stop leak if you can do so without risk. Use
water spray to reduce vapers - Take .up with sand or other non-cdmbustible
absorbent material and place into container Ear later disposal. Flush
area uith water.

J. T. Baker Scluasorb 2 solvent adsorbent is recommended
For Spills of this product.

Disoosal Procedure-
Dispose in accordance with a1l applicable'federal, state, and loca
environmental regulations.

EA Hazardous Waste Number:- DG01 CIgnitable Waste)a-mesa a aesM ueM- sam MM assess an MMM a aMm ma M =mcsMeM maasM easeOWM as e mess fmacm asasMfa

SECTION 111 - INDUSTRIAL PROTECTIVE EQUtIPHENT

Uentilation: Use general or local exhaust ventilation to mest
TLU requirsnents.

Respiratory Protection: Reapiratery protection required if airborne
concentration exceeds TLU. At concentrations =;
to 1000 =:w, a chemical cartridge respirator with
organic vapor cartridge is recommended. Above
this level, a self-contained breathing apparatus
is reco-mmended.

Eye/Skin Protection: Safety goggles, uniform, apron, batyl rubber
- - - gloves are recommended.

SECTION IX - STORAGE AND HANDLING PRECAUTIONS

SAF-T-DATA Storage Color Code: Red

Sodeihl frecautions
Bond and ground containers when transferring liquid. Keep container
tightly closed. Store in a col, dry, well-uentilated, Elammable liquid
storage area.- -

SECTION X - TRANSPORTA7:CN DATA AND ADDITIONAL INFORMATION

DOMESTIC CD.0.T.)

-Proper Shipping Name Isopropanlc&
Hazard Class Flammable liquid
UNMA * UN1219
Labels FLAMMABLE LIQUID

Continued on Page: 5
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SECTION X - TRANSPORTATION DATA AND ADDITIONAL INFORMATION CContinued)

TNTEMNATIONAL C T .H.O)

Proper Shipping Name. Isopropanol
Itazard Class 3.2
UN/NA - . UNi219
Labels FLAMHABLE LIQUID

/A - Hot Applicable or Not Available

The information- published in this Material Safety Data Sheet has been comile
from cur experience and data presented in various technical publications. It
the cser's responsibility to determine the suitability of this information Fo
the adoption of necessary safety precaution&. Ue reserve the right to revise
Material Safety Data Sheets periodically as neu information becomes available

-- LAST PAGE -- 000
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PUBLIC HEALTH Lyme
FACT SHEET Disease

Massachusetts Deparnment of Public Health. 150 Tremont Street. Boston, MA 02111

What is Lyme Disease?
Lyme Disease is an infectious disease caused by bacteria that are spread by tiny infected ticks. Both people and
animals can be infected by Lyme tick bites. Lyme Disease can be serious If it is not trated but It is not fatal.

Where Is Lyme Disease found?
Lyme Disease can be found all over te United States, but It is most common along the east coast, the Great Lakes, and
the Pacific Northwest

In Massachusetts, Lyme ticks are most often found in the coastal areas, islands, and the Connecticut River Valley in the
westem part of the state. The disease is most likely to be spread between late May and early autumn, when ticks are
most active.

How Is Lyme Disease spread?
Lyme ticks cling to plants near the ground in brushy, wooded, or grassy places. The ticks, which cannot jump or fly.
climb onto animals and people who brush against the plants. Very young ticks (called larvae) pick up the bacteria that
cause Lyme Disease by biting infected animals, such as field mice. The bite of older ticks (called nymphs) can pass the
infection along to the next host.

Lyme ticks are so tiny that the larvae are no bigger than the period at the end of this sentence. The ticks live fortwo year.
during which they can infect wild and domestic animals as well as people.

ACTUAL SE
. r .O bat ye fnte spaw

lil tIldI ! I liLtl I.
ONE N:cH-

Not all ticks carry Lyme DIsease, and even being bitten by a Lyme tick does not necessanly mean that you will get the
disease. The tick must be attached for at least 24 hours to pass on the bacteria, so removing th tick promptly will cut
dovn your chances of becoming infected.

What are the symptoms of Lyme Disease?
Early stage: The first symptom of Lyrne Disease is usually - but not always -an unusual rash where the tick bit (Often
the tick isn't even noticed, and it drops off before the rash appear.) The rash first appears anywhere from three days to a
month after the bite. It starts as a small red area then spreads out often clearing up In the canter so It looks like a donut.
Other skin signs Include burning or itching, hives, redness of the cheeks and under the eyes, and swollen eyelids with
bloodshot eyes. Flu-like symptoms such as fever, headache, stiff nedk sore and aching muscles and joints, fatigue,
sore throat, and swollen glands are also common in to early stage of Lyme Disease.

These symptoms often go away by themselves after a few weeks, but the person remains Infected. Without medical
treatment, about half the infected people will get the rash again in other places on their bodies. and many wl develop
more serious problems later. Treatment with antibiotics clears up the rash within days and often prvents later
problems.

Later stages: Three major organ systems - the joints, nerves. and heart - can be affected rnonths after the tick bite,
although symptoms usually show up within four to six weeks. People with Lyme Disease can develop late-stage
syiptorns even if tney never got the donut-shaped rash.



I
About 60% of people with untreated Lyme Disease get arthritis In their large Joints, usually knees, elbows, and wrist
The arhitis can move from joint to joint and become chronic.

About 10% to 20% of people who don't get treatment develop nerve problems. The most common symptoms are sever
headache and stiff neck, facial paralysis or other cranial nerve palsies, and weakness or pain (or both) in their hands
am, feet and/or legs. These symptoms can last for weeks, often shifting from mild to severe and back again.

About 6% to 10% of people who don't get treatrtient develop heart problems, such as inflamed heart muscles or erratic
heart boats

How Is Lyme Disease diagnosed?
Lyme Disease is easy to diagnose when someone gets the donut-shaped rash. It Is much harderto diagnose without the
rash because other symptoms mimi other diseases, like flu. To help diagnose these cases, doctors can ask the
Massachusetts Department of Public Health or other labs to test their patient's blood for antibodies to the Lyne
Disease bacteria.

How is Lyme Disease treated?
Lyme Disease can be treated with antibiotic pills ifit Is diagnosed early. Tetracycline seems to work best Children under
seven are given penicillin instead because tetracycline can stain their permane'nt teeth. Other antibiotics can be pre-
scribed for people who cannot take tetracycline or penicillin. Prompt treatment of early symptoms can prevent
later and more serious problems.

How can you prevent Lyme Disease?
The only known way to get Lyme Disease is from the bite of an Infected tick. The best ways to prevent Lyme Disease are
to know where these ticks are found, avoid these places, and promptly remove the tick if you do get bitten. if you live in or
visit a high-risk area, follow these tips:

P Don't walk barelegged in tall grass, woods, or dunes where ticks may live.

e if you do walk in these places, wear a long-sleeved shirt, long pants, high socks (with pants tucked tightly into the
socks), and sneakers. Light colors will help you spot ticks on your clothes before they reach your skin.

" Use Insect repellants made with DEET (check the label) on your skin, and the ones made with perrethrin on
your clothes.

" Checkforticksevery day. Their favorite places are on the legs, thighs and groin, in the armpits, along the hairline, and
in or behind the ears. The ticks are tiny, so look for new "freckWes."

* lo remove atick,use tweezers to grip the body firmly and pullit straight out If you mustuse your fingers, protect your
fingertips with a plastic bag or a tissue and wash your hands afterward. Put antiseptic on the bite.

- Drown the tick In alcohol or kerosene. (Never leave these liquids where children can reach them.)

e Know the symptoms of Lyme Disease. if you have been someplace likely to have ticks between May and early
autumn and you develop Lyme Disease symptoms - especially N you get a donut-shaped rash -see a doctor
right away. Early treatment can prevent later problems.

Where can you get more Information?
Your local board of health
Listed in the telephone book under local govemnment

Massechusetts Department of Public Health
Division of Epidemiology (6i7) 522-3700, x420 or 425
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