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Tour Summary 
Starting Point CSC Building 

Tour Stop Building#/Function Briefrng Topics Key Point 

19 - Component Test Facility 

16 - Production Test Cells 

3 - Engineering 
Development Mfg. & Assy. 
Staging Excess Machines 

DownsizingAIual-Use Concept *Downsizing (Complete by '95) 
Cuts Facility Costs by 50% 

*Dual-Use Concept Protects 
Industrial Base 

Component Test Capabilities *Component Test Capability 
Essential to Resolution of 
Service Revealed Defects (SRD) 
and Product Improvements 

*Facility Unique to the U.S. 
Small Gas Turbine Industry 

AGT Preparation Product Assurance Essential 
AGTD55 Engine Testing to Continuing Capability 

*Unique Real Time Data Collection 
and Analysis 

Excess Equipment 240 K sq. ft. Transfers to 
Development Engine Assy. Government Control 12/95 

Staging Area for Excess 
Government Machines 

I 
4. 10 - Recuperator Manufacturing Recuperator Plate Stamping 'Critical Single Source AGT 1500 Spare 

Recuperator Plate/Core Welding 'Unique Facility, Only One in 
Improved Recuperator the World 

6. 2 - Integrated Parts Manufacturing Air Diffuser Cell 

5 .  2 (South End) - Engine Assembly, Engine Assembly SLE Improves Overhaul Durability 
Over Haul, Service Life Extension Engine Over Haul Synergy from Co-Location of 

Service Life Extension Program Assembly, Overhaul, & Engineering 

Shop Reconfigured into Dual Use 
Cellular Manufacturing Cells 

*Doubles Productivity 

I 
7. Final Briefing & Discussion 

*Avoids Major Environmental Costs 
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A E R O S P A C E  

SAEP Downsizing and The Dual-Use Concept 

"The Task Force recommends that the issue of a significant restructuring 
and downsizing effort at the dual-use Stratford Army Engine Plant 
continue to be aggressively worked. .. 99 

"Dual-use leases for the Stratford Army Engine Plant should be 
immediately pursued ... 9 ? 

Defense Science Board 
Blue Ribbon Panel - April '94 

Dick Pocock 
AlliedSignal Engines 
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Agenda 

Why SAEP Downsizing Is Required 
Objectives 

Genesis Of Downsizing Projects And Costs . Impact on Productivity 
'. . - - -- -- - .A p mA,=*e - -----I - . .-\. .. ., . impad on F~r;lii~y duppvi r VVYs-  

Project Status 
Dual-Use Concept . Benefit to the Military 





Military Commercial 

Ferry 
C!?R?m1! 

LCAC 

Chinook 

Boeing 234 
Comm'l 

Kaman 

Avro RJ 

Point: Most SAEP products have both Military and Commercial Applications 



- A E R O S P A C E  

The Requirement for Downsizing 
SAEP Capacitized for approximately 220 military engineslmonth . '94 Production approximately: 

35 Military engineslmonth (30 AGTI 500's, 5 other military engines) 
.20 Commercial engineslmonth . AGTI 500 Production has rapidly declined without adjusting plant 

capacity 

AGT1500 Annual Production 
.Existing LTC Complete 
in Dec '94 (Saudi, Egypt, 

080 in '95 (Kuwait) 

n 

AGT1500 Price 
8 0 0  

7 0 0  /700  

Impact of Fixed Cost per 
engine growth & material 
cost per engine growth I 
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A E R O S P A C E  Downsizinq 

Common Objectives - U.S. Army and AlliedSignal 

Manufacture affordable Military and Commercial Gas Turbine Engines 
Peacetime low volume (primarily spares) 
Contingency (Engines & Spares) 

Protect the Gas Turbine Engine Technology Base 
Improvements to existing engines 
Resolve Service Revealed Difficulties (SRD's) 

Sustain fielded SAEP engines 
Field Technical Support 

M ilitaw Application 
Huey & Cobra Helicopters 
Chinook Helicopters 
Dolphin Helicopter 
Landing Craft, Air Cushion (LCAC) 
Abrams Tank 

Customer 
U.S. Army 
U.S. Army 
U.S. Coast Guard 
U.S. Navy 
U.S. Army 

Engine 
T53 
T55 
LTl  01 
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A E R O S P A C E  Downsizing Approach 

Evaluate Current 
Manufacturing Commodities 

Rank Order SAEP Mfg Strategy 
Alternatives 

Make 1 BUY Make Parts 

Parts 

Gas Generator Strategy 

I 
I 

Machine 

R I I ~  - 

Manpower 
Costs 

Analysis 
I 

1 v T 

Facility Costs + 

Selection I 

I I 

Material Costs 4 Engine Pricing Model 

Shop Floor 
Alternatives 

Productivity Improvement 
Analysis 

7 

Engine Prices At Decreased AGT1500 Production Quantities 

J I 

) 
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Impact of Dual-Use Business Base and Downsizing on 
Government Share of SAEP Facility Costs 

SA EP Facility Cost Structure: 

- Army Direct Funded Projects: 
- Major Facility Projects . 
- Gov't Owned Machine Renovations 
- Environmental Projects 

I 

Shared Facility Overhead: - - 
- AlliedSignal (Commercial Products) - Government (Military Products) 

TOTAL ANNUAL FACILITY COST 
(Dollars in Mil's) 

I I ElDirect Funded WGov't Share Overhead 
UAE Share Overhead 

Government Cost to Support SAEP Decrease by 82% 
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The Dual-Use Nature Of The 
SAEP Manufacturing Capability 

a Manufacturin~ Cells 
Large & Small Nozzles 
Air Diffusers 
Multi-Machining 
Superchargers 
Shafts 
Sheet Metal 
Recuperator 
Large & Small Housings 
Gears 
Discs & Impellers 
Final Assembly 

Gov't Dual Cornrn'! 
Unique - Use Unique 

Dual-Use Lease: Negotiated agreement whereby AS manufactures Comm'l 
engines using Gov't machines and facilities and as compensation guarantees a 

warm military production capability 



&liedsignal 
A E R O S P A C E  

The Dual-Use Nature Of The 
SAEP Manufacturing Capability 

Manufacturina Cells 
Large & Small Nozzles 
Air Diffusers 
Multi-Machining 
Superchargers 
Shafts 
Sheet Metal 
Recuperator 
Larr;e 8 Sma!! claer!nnc 3- 

Gears 
Discs & Impellers 
Final Assembly 

Gov't Dual Comm'l 
Unique - Use Unique 

Dual-Use Lease Negotiations are suspended 
pending the BRAC outcome 
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Government Contribution 

Remove Excess Machines 
& Reconfigure I Reinstall 
Retained Equipment 
Consolidate1 Deactivate Facilities 
Project Management 

Total 
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i 

Bottomline : 
Recommend a BRAC Decision to Realign SAEP 

Nature of the Realignment to SAEP '96 

Downsize Military Capacity 
s : A I .A,,,:-,\ A, Transition I I UI I UIVISIUI I \ I ~ X L I  UI I L ~ G U I  I I I I  IYJ LU 

Operating Site (Stratford Site of AlliedSignal Engines) 

.Conversion from 80% Military to 80% Commercial 
Business Base 

Consummate Dual-Use Lease 
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A E R O S P A C E  

Building 19 Control Center 

Facility Designed to Support Stratford Production 
- AGT 1500, T55, TF40, T53 & Commercial 
- lnletlCompressor 
- CombustorlTurbine 
- AGT 1500 Recuperator 
- Unique Capabilities at Minimal Cost 
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Building 19 Compressor Testways 

Support Service Revealed Defects & Cost Reduction 
- Hardware Qualification 
- AGT 1500 Fuel Economy Program 
- T53 Rocket Gas Ingestion 
- T55 Hot Start Investigation 
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Upgraded 56-1 Testway 

Axial 

New Exhaust 
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Building 19 Turbine Testways 

Support Configuration Control 
Provide Component Technical Expertise 
Pro-active Production Support 
- T55 L714 Component Improvement Program 
- AGT 1500 Service Life Extension 
- AGT 1500 Reliability, Availability, 

Maintainability, & Durability 
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Building 19 Vacuum Facility 

Designed to Support T55 Turbine Improvement 
Provides MilitarylCommercial Altitude Capability 
Combustor Altitude Re-light Resolution 
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Building 19 Recuperator Facility 

Support Service Revealed Defects 
- Recuperator Resolution 
- Overhaul Evaluation 
- Component Improvement 
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Stratford Army Engine Plant 
(SAEP) 

and 

Presentation of a Realignment Alternative 
May 1,1995 

Jim Robinson, AlliedSignal 
MG(Ret) Pete McVey, Expert Witness 
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A E R O S P A C E  Key Issues 

.Recognizing the Dual-Use Realignment in Progress 

.Assessing the Military Value 

.Evaluating Alternatives for Protecting this Value 

.Understanding the Economic Impact 

.The Recommended Alternative to SAEP Closure 
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Army's Acauisition Executive Re~or t to  Congress 

@The ARMY has a "... Three-Year AGTI 500 Tank Engine Industrial Base 

Program." --February 14, 1995, Honorable Gil Decker 

- Retains Engineering Expertise 

- Protects Recuperator Parts and Production 

- Downsizes SAEP to Reciuce Overhead 

- Provides an Engine Durability Enhancement Program 

- Initiates a Service Life Extension Program to Improve Overhauls 

I A Strong Tank Industrial Base Is Important to the Army 





&!liedsignal A E R O S P A C E  Military and Commercial Production 
Capability Is In tearated 

Manufacturinrr Cells .Machine Ownership 
Gov't Dual Comm'l 

Uniaue Use Uniaue AGT Common Aviation Total 

X 
AlliedSignal 

Large & Small Nozzles 
42 174 17 233 

Government - 98 296 - 16 
Air Diffusers X Total 140 470 33 643 

Multi-Machining 
Superchargers 
Shafts 
Sheet Metal 
Recuperator 
Large & Small Housings 
Gears 
Discs & Impellers 
Final Assembly 

Splitting the Capability Between ANAD and CCAD Is Not Feasible 
I 
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Militi~j/ Value 

REQUIREMENTS OF THE GAS TURBINE ENGINE INDUSTRIAL BASE 
(wherever it may be!) 

Product Engineering Field Technical Support 
.Configuration Control -- .Resolution of Field 
.Product Improvement Problems 

.Systems Integration .Technical Assistance 1 
Knowledge 

u 
Production T e c h n o w  [Peacetime & Continaencv) 

.Engines I Spares Components 

.Technical Kiiowledge 

The Three Components are Interdependent and Inseparable! 
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Military Value of Product Engineering 

Product Engineering required for Service Revealed Difficulties (SRD) 

All Complex Weapon Systems develop in-service technical 

difficulties 

AGT1500 in service through 20215 

Historical AGTI 500 engineering fixes to SRD's: 

- Recuperator blowouts 

- AGB drive shaft (wine cup) fractures 

- Hydromechanical unit fuel fires 

I SAEP Product Engineers are required by the Army to Address SRDs 
Over the Next 30 Years I 
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Overhauls to Support The Fleet Through 2025 
'\ 

--1. 

- -+ 2025 

New 
> 

Tank Fleet with Overhauls:, 

Engine 'i New 
Tank 

.__ _-, A .  . . _ _ _ - *  

- - 

Historically Army procured 2 spare 
engines for every M60 tank *Army has no experience supporting a tank 

fleet with only overhauled engine 

Spare M60 engines produced long aftl~rl 

Army procured only 1 spare engine folP 
every 3 M I  tanks 

tank production stopped I 

*No New Engine In Development To 
Replace AGTI 500 

I Viability of M I  Neet Dependent on Performance of Engines After Multiple 
Overhauls - Uncharted Waters I 



4lliedSignal Mil'itary Value of 
A E R O S P A C E  Field/Technical Support 

Army Also Depends on SiAEP Field Technicians to 
Maintain Fleet Readinesls 
Desert Storm Examples: 

A G T I  500 - 24th Infantry Division 

.Resolution of Technical Problems caused by Sand Ingestion 

T55 - Chinook Fleet 

.Established engine test capability at Abu Dhabi 

.Fielded Engine wash wand and water wash kits 

024-hour AOG Spares Support 
I Field and Technical Support is essential in peacetime and I I critical during wartime. I 
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A E R O S P A C E  

Base at SAEP - 

*SAEP Maintains the product tech 
data packages and process sheets 

*Engineering experience is our 
intellectual property 

-Less than 30% of personnel 
willing to relocate 

*Effective engineering requires hands- 
on exposure to the production 
process 

*Experience can not be duplicated 

*Transferring Industrial Base is Risky 

*Production relocation experiences 

- USX to Lukin Steel 

- AS Fort Lauderdale to AS 
Rocky Mount Hydraulics 

I WeAre Risking the lr~dustrial Base bymoving I 
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Evaluation of Alternatives 
Alternatives: 

Criteria: 

Alt #I Close SAEP 
Alt #2 Retain SAEP '96 

Cost I Benefit Over 20 Years (NPV) 
Military Value Requirements 

New Spare 
En~ines Parts .. . Product 

Enzr'r . 
Alt #I : SAEP Closure - AS View 

@Dismantle AGTI 500 Industrial Base 
*Recognize Realistic Closing Cost 
@Relocate Commercial Business 

Military Value 
New Spare Product Fieldflechnical 
Engines Parts Eng'r Sup~ort 

Alt #2: Retain SAEP '96 

*Protect the Industrial Base 
@Complete Realignment in Process 
@Implement Dual Use Concept 

Milita rv Value 
New Spare Product FieldPTechnical 
Enzlines Parts En.qlr Support .. . . 
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1 

A E R O S P A C E  

(millions) 

Closing Cost 

A.lt #I : Close SAEP 
Arrnv lnput AS Input - 

($2) ($5) 

Alt #2: Retain 
SAEP '96 
0 

Recurring Cost to Secure 
Facility 

Environmental Stabilization -- ($21 ) 0 

Loss of Annual Rental Income -- ($2) 

Relocation of Production mid '97 
*AGT1500 
*Comm'llOther Military 

0 

Annual Cost Avoidance $6 $6 

Personnel costs 
*AGT1500 
*Comm'llOther Military 

$6 

Idle FacilityIDirect Funding NIA ($1 I ($4) 

* Ignores potential $422 m Environmental Cleztn-up (US Army Corps of Engineers study by Woodward - 
Clyde Consultants) 
NOTE: BRAC COBRA Model Utilized 

Army NPV - Saving-ost) $80 * ($5) * 
AS NPV-Savinus/!Cost) at?2 

$35 

ad(C0st) * 
($95) * 

($1001 * 
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Economic Impact 
Losses in: Armv Perception 
*Jobs 2" 

@Disposable Income $0.2m 

.Gross Regional Product $0 
* Two personnel indicated are Ellackhawk specific (non-SAEP product) 

Connecticut Center for Econotnic Analysis - Univ. of Connecticut 

Losses in: SAEP Countv State 
@Jobs 1,200 2,540 3,289 

*Disposable Income $400m $784m** $945m** 

@Gross Regional Product 

** (For 10 yeae period 1996-2005) 

SAEP Closure Is Not An Insignificant Economic Impact 
I 
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Army Needs a Strong Tank Engine Industrial Base 

In proposing to close SAEP, Army has focused on new tank engine 
Requirements and has lost sight of total Military Value of SAEP 

SAEP also produces other military engines 1 spares and commercial engines 

SAEP Industrial Base can be moved - but risks and costs are high 

Army projected savings for closing SAEP are overstated - $80 m savings are 
actually $1 00m cost 
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rn Recommendation . 

RETAIN REALIGNED SAEP '96 
@Protects US Mission Requirements and Current / Future FMS 

@Accommodates Contingerilcy Requirements 

@Minimizes Economic lmpa cts 

@A voids Major Environmental Costs 

@Real Cost Savings to the Army 
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SAEP Sole Source Capabilities 
Recuperator 
- Laser Welded Pair-Plates 

Other Spares 

- AGT* 
- TF40 

- T55 

Sole ESA Source 

(# parts) 
15 
13 
45 

* excluding Recuperator 

Overhaul for T55-L-714 Engines 
- CCAD not Certified 
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A E R O S P A C E  

Overhaul Durability Example [Service Life Extension! 

In 1993, Army overhauls which averaged 1400 shp were demonstrating 15% of the 
durability of a new engine 

SAEP Product Engineers working with ANAD have developed durability improvements 
which are now under test in 6 prototypes. Projections are that overhaul durability will be 
more than tripled (50% of new engine); however, the power will remain at 1400 shp. 

Further increases in overhaul durability are funded ($41.5m) as of April 18 '95 

Performance increases can similarly be applied to overhauled engines through upgrade kits 

Realistic Goal for Tank 1080 1 
2,000 -- 

1800 SHPI 90% Durability 
SHP 

1995 

10 20 30 40 50 60 70 80 90 100 

Overhaul Durability as % New Engine Durability 

Point: The Army plans to employ the Abrams through 2025 ! 
Product Engineering Support is essential to ensure 

supremacy of the Abrams Tank. 
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A E R O S P A C E  

Engine Performance Example 
SHP of Turbine Engines routinely grow to accommodate Because AGT 1500 SHP has remained constant, 
Platform Performance Requirement Increases Vehicle Performance and Survivability have degraded 

Engine Evolution 

0:i60 i&6 1970 1&5 1980 1985 1i90 1995 2doo 2dd5 
Year 

Vehicle 10 
Performance 20 

Loss - 30 
Yo 

tons 
NBC 

Army currently using overhauled AGTI 500's in the MIA2 upgrade program 

Army intends to use overhauled AGT1500's in the next configuration Abrams 
(Tank 1080 -year 2003) 

With no affordable technologies to reduce vehicle weight on the horizon, 
probability is high that the Armor User Community will demand AGT growth 

SAEP Industrial Base can Design and Manufacture upgrade kits for overhauled 
engines 

Army must retain this capability 
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U.S. Army T55 Engine Upgrade and 
/ Production Requirements for CH-~~D- *  

Backnround CH-47D Modernization Strateqy 
The T55 Engine has been the Army Improved Cargo Helicopter 
power plant for the U.S. Army and (ICH) will require 10% increase in 
Foreign Military CH-47 Chinook lift capacity 
Helicopter for 35 years - Satisfied by T55-L-714 
The current U.S. Army lmproved Production Potential: 
Cargo Helicopter (ICH) Program - Upgrade Kits (T55-L-712 to 
will result in both an engine T55-L-714's 1 - 720 each 
upgrade and new production - T55-L-714 New Engines 
requirements for the T55-L-714 (replacement for pre - 71 2 
enhanced engine from 1997 configuration ) - 480 each 
through the year 2008 ICH on track for '96 Operational 
The U.S. and Foreign Military Requirement Document (ORD) 
upgrade and new production Approval 
requirements for the T55 Engine 
extend beyond the year 2020 
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A E R O S P A C E  LCAC Product Improvement 

TF40B Requirements 
- 23% more power (5000 shp continuous on 80°F day) 
- 9% reduction in fuel consumption 

Navy Concept - Satisfy engine requirements by 
upgrade kits designed and manufactured at SAEP, 
installed in the field 
- 17% compressor airflow improvement 
- Lean back impellor 
- Steel compressor erlllrn I-rrrar 

ua3K2, IalyGl 

- Resized first and third turbine nozzles 

ArmyINavy Funded development at SAEP in '94 - '95 
- Additional funding targeted for '96 - '97 

Navy Will Require TF4OB Upgrade Which is Only 
Available Through SAEP Product Engineering 
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A E R O S P A C E  Cost Alternatives - cont'd 

Recurring Cost to Secure Facility - (Army input $Om - AS input $4mj 

- AS input includes two and one half years of cost for fire, health, and safety 
issues. This assumes that there is a successful transfer of ownership from 
the Army by the end of '99 (note that cost has not been included for plant 
disposal or ownership transfer). Costs include minimal heat to keep pipes 
from freezing and to keep sprinkler systems operating, along with minimal 
plant security and groundlfacility maintenance. 

Loss of Annual Rental Income - (Army input $Om - AS input $2m) 

- AS currently pays approximately $2m annual rent on commercial usage of 
the SAEP facility. The Army will lose this revenue if the plant is closed. 

Annual Cost Avoidance - (Army input $6m - AS input included in 
previous cost cateqories j 

- Annual $6m cost avoidance is from the COBRA model input provided by the 
Army. 
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COBRA Model Results 
Twenty Year Horizon (1996-2015) 

1 .  . - - -- .. -- -. - - --- -- - - -- -1 

Close SAEP with No Retention of Tank industrial Base 
1996 199Z 1998 1999 2PM 2PQ1 2M2 20Q3+_ 

Cost to close $ - $  2 , 0 6 0 $ - $ $ $ - $ $ -  

A m  
RPMAJOther-Misc Recur $ - $ 2,361 $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 
Officer Salary $ - $ 68 $ 136 $ 136 $ 136 $ 136 $ 136 $ 136 
!-!nere Allow $ - $ 12 $ 12 $ 12 $ 12 $ 12 $ 12 $ 12 
Q b f  

a 
$ - $ - % JI i i  -1 S L: 

Total OH $ - $ 2,441 $ 5,878 $ 5,878 $ 5,878 $ 5,878 $ 5,878 $ 5,878 

NPV $ (78,578t 
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COBRA Model Results 
Twenty Year Horizon (! 996-291 5 j 

2.75% 

Close SAEP with No Retention of Tank Industrial Base 
1996 199Z 1998 1999 ZmQ axil 2M2 2003+ 

Cost to close facilities $ 4,477 $ 306 $ 306 $ 306 $ 306 $ 306 $ 306 
Personnel Costs (AGT1500) $ 6 , 7 5 0 $ $ $ $ $ - $ -  
AlliedSignal Costs Due to Closure $ 9 4 , 8 2 5 $  - $ - $ - $ - $ - $ - 
Overhead for closure 18.185 $17,810 $4.639 $u!X! $_a $ZMP $2.000 
Total $ - $ 124,237 $18,116 $ 4,936 $ 2,306 $ 2,306 $ 2,306 $ 2,306 

RPMAIOther-Misc Recur $ - $ - $ - $ 2,865 $ 5,730 $ 5,730 $ 5,730 $ 5,730 
Officer Salary $ - $ - $ - $ 68 $ 136 $ 136 $ 136 $ 136 
tiouse Allow $ - $ - $ - $  6 $ 12 $ 12 $ 12 $ 12 
cm!x L z  $I $I L z  L z  L z  L= L= 
Total OH $ - $ - $ - $ 2,939 $ 5,878 $ 5,878 $ 5,878 $ 5,878 

NPV $ 95,133 
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Cost to Close Facility - Government Equipment 
Twenty Year Horizon (1 996-201 5) 

Removal of Govt Machinery 
Removal of Other Govt Property 
Property Admin 
Additional FencinglPit Filling 
Closure of VentslAC units 

Su b-Total 

. . r Ground Sy&mEqd~auip to ANAD & Aviat~on Eadp to CCAD 
Site Prep for Machines moved to CCAD & ANAD 

on costs for above machines 
Su b-Total 

Estimated Revenue from sale of asseb 
Sub-Total 

Cost to Move Dl A PersonnellOffices 
Move approx. 150 peopleloffice equipment 
Computer LinesIPhone Hookups 

v 
Sub-Total 

Total Cost/(lncome) - Madh 8 EquiplPersonnel 

It 1 : A/S Input Applicable 



E E E  
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Cost To Relocate DOD Offices Out Of S.A.E.P. 
Non Recurring 

Movers to Relocate 150 Employees 
Modular Furniture Disassem blelAssem ble 
Move Furniture 
Telephone Wiring & Switch Relocate 
Computer Network & Equipment Relocate 
Furniture Purchase* 
TOTAL 

Est. Cost 
$33,600 
$22,400 
$ 2,000 
$1 0,000 
$1 3,000 
$ 1.000 
$82,000 

Recurring 
Lease - Est. $6 sqftlyr. for 21,000 sqft $1 26,000 
Utilities - Electric & Gaslyr. $1 80.000 
TOTAL YEARLY COST $306,000 

Note: It is assumed that no renovations will be required at the new location. 
Note*: This estimate is for purchase of parts required for the reconfiguration 

of furniture in a new location. D.O.D. Stratford owns its modular furniture. 
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Cost Incurred due to BRAC 
Cost to Move Other Military and Commercial 

S b o ~  Costa 

Cost to move Allied Machines (112 move) 
Cost to rearrange Pheonix shop 
Source Approval/Leiacnjna/ReWor Comm'l Pa.& 

Sub-Total 

Personnel Costs -- 

(Headcountat yr end 1246-150 AGT= 1096) A L T t  
- - 

AS input Relocation (Non-AGT) 250 

As Input RIF (Non-AGT) 846 

AS Input Hiring Costs 112 of RIF (Non-AGT) 423 

Rema~n~ngAssets . . 
Write-off of Assets ($1 5M total - assume 20% is AGT) 

Total AlliedlArmy Costs 

It 1 : A/S Input Applicable 

ALT 1 
esGmRut 

ALT 2 
In SAEP 
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Commercial Operations Transition 
From Stratford To Phoenix 

Unique Source Approved Parts - 132 
50% 111 ProcessTTooling Transfer - No Learning Impact - 66 Parts 

50% Reprocessing 
- Producibility Engineering & Planning 14677 mhs 
- Tool Design, Application, NIC Prog. Tryout 6390 mhs 
-Total PEP Hours 91000 mhs 
- @ $40p/hr $3.6 Million 
Tool Fabrication and Acquisition $3.2 Million 
Learning Cuwe (.5mys per part x 66 x $40) $2.3 Million 
Requalification (Source Approval) $2.5 Million 
Equipment ACQ.IRelocation $0.5 Million 

(Supercharger Cell) 

Total Transfer Cost $1 2.1 Million 
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Manpower Estimating Rational 

lnitial 
Optimization 

- 
program: Commercial ESA Approved Number of Parts 132 x 50% Factor = 66 Equivalent Parts 

NIC Program 
lnitial Tape 
Qualification 
Optimization 

Engines: T53, T55-L712, T55-L714, ALF 507 

Tool Trvout 

OperationslPart Average 25 x 66 Parts = 1650 Operations 

4.0 hrs x 660 Operations @ 
15% of I n m  

Process Engrg. TOTAL MAN YEARS 
Operation Sheets 5.0 nrs x 1650 Operations 4950 HOURS (1776HRSNR) 
TDR's (.5 x 3 per Oper) 1.5 hrs x 1650 Operations 
Routings 

2475 
5.0 hrs x 66 Parts 330 

Optimization 15% of Initial OPS, TDR's, Routings 1163 
SUB TOTAL 891 8 5.0 

MthdslStdslEst'g 
MakeIBuy (Prelim) 1 0 hrs x 66 Parts 
Standards 

66 
3.0 hrs x 1650 Operations 

Optimization 15% of Standards 
4950 

743 
SUB TOTAL 5759 3.2 

Tool Design 
Initial 544 hrs x 66 Parts 35904 
Optimization 18% of Initial 6463 

SUB TOTAL 42367 23.9 
Tool AD~lication 

SUB TOTAL 

42.0 hrs x 41 3 Operations @ 
16.0 hrs x 41 3 Operations @ 
15% of Qualification 
SUB TOTAL 

lnitiai' - - - -  8.0 hrs x 660 Operations @ 
Optimization 15% of Initial 

TOOLING $ SUB TOTAL 
4.0 A v ~  Std HrslPart I GRAND TOTAL 66 Equivalent Processes 91 066 5 1 - 

x 12.000 Ava Toolins SIStd Hr 
= $3.2 Million 

"(1 10 Parts +20% for Details = 132 Total Parts) 



Cost of Closed Facility - Government Costs 
Twenty Year Horizon (1 996-201 5) 

Cost to Maintain the Closed Facility 
Boiler room, compressors, oil abatement 
Utilities (Water & Electric) 
Environmental monitoring 
Real Property (personnel & materials) 
Security (24hr coverage 365 days/yr) 
Environmental stabilization 

Sub-Total 

Total Recumnq Casts 
Direct Facility Funding 
Loss of Rental Income from Comm'l work 

Sub-Total 

Cost for Final Dis~osal of Plant 
Ownership Transfer 
Additional Disposal Costs 

Total Govt Recurring CostsIRevenue 

It 1 : AIS Input Applicable 
it 2 : Reiain Realigned SAEP Not ApplicaMe 
It 3 : Close SAEPIMow Capab. Applicable 
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A E R O S P A C E  

S.A.E.P. BRAC Scenario 
Facility Projects 

Real Property $991,644 $495,000 $200,000 

IPE Rehab 

C P A  nr- eon Environmental g I , U ~ ~ , O O Y  $700,000 $750,000 

TOTAL $2,543,313 $1,325,000 $950,000 

Note: Environmental Closure Projects Commence in 1997. 
The Cost of 21.1 Million Are Projected, but Are Not 
Included in this Analysis. (See Detail) 
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COBRA Model Results 
I I 

Alt 2 - 
Cost to close 
Cost to move 
AlliedSignal Costs Due to Closure 
Overhead (Facilities & Idle Space Cost) 
Total $ 

Twenty Year Horizon (1 996-201 5) 

Annual CosVSaviags 
RPMAlOther-Misc Recur $ - $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 
Officer Salary $ - $ - $ - $ - $ - $ - $ - $ -  
House Allow $ - 4 - $ - $ - $ - $ a $ - $ -  

Fat + Direct Funded F z  L= $: $: $: $1 $= $: $: 

Total OH $ - $ 5,730 $ 5,730 $ 5,730 $ 5,730 $ 5,730 8 5,730 $ 5,730 



I 
A E R O S P A C E  

Downsized Facility Costs 
Twenty Year Horizon (1996-2015) 

Misc Projects 

It 1 : AIS Input Not Applicable 

Idle Facility Costs $ 1,750 $ 1,750 $ 1,750 $ 1,750 

Govt Offset by Sub-leasing ldle Faclllt~es 
. .  . 

??? ??? ??? ? ? ? 
Total Cost $ 3,475 $ 3,475 $ 3,475 $ 3,475 
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A E R O S P A C E  

Idle Facility Costs 
(After Rightsizing) 

Labor and Materials $0.45 Million 
(5) People x 2000 hrlyr x $30/hr = $.3M 

Materials = 50% of labor = $.15M 

Utilities $1.30 Million 
Electric = $1 .OM 

Gas = $0.26M 
Water = $0.1 M 

TOTAL $1.75 Million 
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A E R O S P A C E  

S.A.E.P. Non-BRAC Scenario 
Facility Projects 

1997 Real Property 
Upgrades Sub Total $500,000 

1997 MI-Unique IPE Rehab 

1997 Common IPE Rehab 
Lucas HZ. Boring Mill Sub Total $125,000 

. Ylc .. v 044-04 

1997 Environmental 
Design - Halon & Freon Replacement $1 00,000 

Test Cell Pollution Control $750,000 
Soil & Concrete Handling $250,000 

Sub Total $1,100,000 

1997 GRAND TOTAL $1,725,000 
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S E C T I O N  1 

EXECUTIVE SUMMARY 

1.1 BACKGROUND Item Page 

The Best Manufacturing Practices (BMP) team con- 
ducted a survey at Textron Lycoming located in Stratford, 
Connecticut. The purpose of the survey was to review and 
document the best practices and potential industry-wide 
problems at Textron Lycoming. The intent of the BMP 
program is to use this documentation as the initial step in a 
voluntary industry technology sharing process. 

1.2 KEY FINDINGS 

There were many best practices observed at Textron 
Lycoming that are detailed in this report. Some of the more 
significant findings vncluded in this report are listed as 
follows: 

Item Page 

Producibility Engineering and Planning 
Implementation of a program using 6 
milestone charts to trace program evolution. 
Benefits include an 80% reduction in 
design changes. 

Desk Top Manufacturing Using 
Stereolithography 
Rapid prototyping techniques used to 
make models directly from CAD 
models for use in aerodynamic testing 
and flow visualization. Model develop- 
ment and analysis tirne is reduced from 
months to weeks. 

AIMNET Computer-Integrated 
Manufacturing Factory Design System 
Implementation of a prototype CIM 
factory design systern to provide 
advanced method of factory cell design. 

Computer-Aided Engine Testing 
1)evelopment of a system to fully 9 
automate production and R&D testing 
to reduce labor, produce faster test 
results, and provide test unifonnity. 

Direct Maintenance Cost Measurement 
I'rogram 
Free software package provided to 10 
c:ustomers for measuring and 
(:ontrolling direct maintenance costs to 
tmaller airlines and provide Textron help in 
:',tructuring improvement programs. 

Advanced Cutting Inserts and Seeded Gel 
Grinding Wheels 
Use of KYON inserts on selected 14 
itpplications at increased speeds and feeds 
I I ~  to ten times more than carbide inserts. 

Laser Gap Measurement System 
lJse of a laser gap measurement system 14 
lo inspect turbine rotor shroud gaps to 
;~ccelerate and provide a more consistent 
;~nd reliable inspection method. 

(Cubic Boron Nitride Gear Grinding 
Development of a creep feed grinding 19 
method using CBN grinding wheels to 
.educe cycle time, equipment require- 
nents, scrap and rework, and provide 
jirect labor savings. 

Strategic Procurement 
Implementation of a strategic procurement 22 
function to assist and advise division 
purchasing operations for achieving 
rost savings and cost avoidance. 





S E C T I O N  2 

INTRODUCTION 

2.1 SCOPE 

The purpose of the Best Manufacturing Practices (BMP) 
survey conducted at Textron Lycoming was to identify best 
practices, review manufacturing problems, and document 
the results. The intent is to extend the use of progressive 
management techniques as well as high technology equip- 
ment and processes throughout industry. The ultimate goal 
is to strengthen the U.S. industrial base, solve manufactur- 
ing problems, improve quality and reliability, and reduce 
the cost of defense systems. 

To accomplish this, a team of Navy engineers supported 
by representatives of the U.S. Army accepted an invitation 
from Textron Lycoming to review the most advanced manu- 
facturing processes and techniques used in their facilities 
located in Stratford. CT. The review was conducted at 
Textron Lycoming on 5-9 November 1990 by the team 
identified in Appendix B of this report. 

The results of BMP surveys are entered into a data base to 
track best practices and manufacturing problems. The 
information gathered is available for dissemination through 
an easily accessible central computer. The actual exchange 
of detailed data between contractors is at their discretion. 

The results of this survey should not be used to rate 
Textron Lycoming among other defenseelectronicscompa- 
nies. A company's willingness to participate in the BMP 
program and the sunley results have no bearing on one 
contrac~or's performance over another's. The documenta- 
tion in tltis report and other BMP reports is nor intended to 
be a l l  i t i c . /~s i \~e  ($0 conipany's best practices andprohlems. 
Only selec.tcd nnn-pr-oprietat-y pr-actices are reviewed and 
doc~lrniented by the BA4P survey team. 

2.2 SURVEY PROCESS 

This survey was performed under the general survey 
guidelines established by the Department of the Navy. The 
survey concentrated on the functional areas of design, test, 
production, facilities, logistics, and management. The team 
evaluated Textron Lycoming's policies, practices, and strate- 
gies in these areas. Furthermore, individual practices re- 
viewed were categorized as they relate to the critical path 
templates of DoD 4245.7-M, "Transition from Develop- 
ment to Production." Textron identified potential best 
practices. These practices and problems and other areas of 

interest were discussed, reviewed, and documented for 
dissemination throughout the 1J.S. industrial base. 

The format for this survey consisted of formal briefings 
and discussions on best practices. Time was spent on the 
factory floor reviewing practices, processes, and equip- 
ment. In-depth discussions were conducted to better under- 
r tand and document the practices and problems identified. 

2.3 CENTERS OF EXCELLENCE 

Demonstrated industry wide problems identified during 
the Best Manufacturing Practices surveys may be referred 
t:) one of the Navy Manufacturing Technology Centers of 
Ilxcellence. They are: 

Automated Manufacturing Research Facility 
Gaithersburg, MD (301) 975-3414 

A test bed for developing industry standards for 
automated manufacturing including new process 
and control technologies 

Electronics Manufacturing Productivity Facility 
Indianapolis, IN (3 17) 353-3366 

An independent research center engaged in devel- 
oping and demonstrating high quality circuit card 
assembly manufacturing processes and materials 

National Center for Excellence in Metalworking 
Technology 
Johnstown, PA (814) 269-2420 

A national resource for the development of ad- 
vanced metalworking technology and processes 

Center of Excellence for Composites Manufacturing 
Technology 
Pleasant Prairie, WI (4 14) 947-8919 

Established as a cooperative effort between the 
Navy and industry to develop and disseminate 
composites manufacturing technology 

2.4 COMPANY OVERVIEW 

Stratford Lycoming, a subsidiary of Textron, Inc, is 
located in Stratford, Connecticut. The company maintains 
a working partnership with the U.S. Army which owns the 



physical plant and leases the property to Textron Lycoming. 
The plant has recently undergone an extensive, jointly- 
funded, three-phase Industrial Productivity Improvement 
plan to modernize the total manufacturing operation. This 
plan was expanded to involve the complete enterprise 
including Engineering, Manufacturing, and Customer Sup- 
Po*. 

The 1.7 million square foot plant is now a totally inte- 
grated manufacturing facility producing gas turbine en- 
gines for the U.S. Army's MIA1 Abrams battle tank and a 
variety of Army helicopters including the UH-1H Huey, 
AH-IS Cobra, and CH-47D Chinook. Commercial appli- 
cations support engine production for the Boeing Vertrol 
234, and Bell 214 helicopters, the wide-body Challenger 
CL-600 jet, and the BAe (British Aerospace) 146 jetliner. 
More than 4,500 employees operate over 3,000 pieces of 
production equipment at this Stratford facility. Additional 
sites in South Carolina, Massachusetts, and Pennsylvania 
provide manufacturing and research and development support. 

2.5 ACKNOWLEDGMENTS 

Special thanks are due to all the people at Textron 
Lycoming whose participation made this survey possible. 

In particular, the BMP program acknowledges the special 
efforts of Mr. Russell J. Smith, Director, Operations Pro- 
gram Management, Textron Division, Textron Lycoming 
for his effort in arranging and conducting the survey. 

2.6 COMPANY POINT OF CONTACT 

While the information included in this report is intended 
to be descriptive of the best practices and techniques ob- 
served at Textron Lycoming, it is not intended to be all 
inclusive. It is anticipated that the reader will need more 
detailed data for true technology transfer. 

The point of contact at Textron Lycoming for the Best 
Manufacturing Practices Program is: 

Mr. Russell J .  Smith 
Director 
Operations Program Management 
Telephone: (203) 385-2209 

Textron Lycoming 
Textron Division 
550 Main St. 
Stratford, CT 06497-2452 



S E C T I O N  3 

BEST PRACTICES 

The practices listed in this section are those identified by These weight and cost savings are applicable to current 
the BMP survey team as having the potential of being and future engine parts. Textron Lycoming plans to dem- 
among the best in the industry. clnstrate the components in an engine environment to qual- 

ify the parts. Future use of OMC materials will then be 

3.1 DESIGN considered. 

TRADE STUDIES [IESIGN PROCESS 

Introduction of Organic Matrix Composites Value Engineering 

High temperature plastics can reduce gas turbine engine 
weight and cost, with savings that translate into higher 
power or thrust-to-weight ratios and improved range. Dur- 
ing the past two years, Textron Lycoming has been working 
with organic matrix composite (OMC) materials, which 
have about half the density of aluminum, to replace current 
metal parts. Production of these OMC parts is less labor- 
intensive than the metal parts to be replaced. 

The polymers were selected for specific applications and 
temperature limits and were evaluated to identify improve- 
ment in productivity, cost and weight reduction. Several 
materials investigated for use included PEEK (polyethere- 
ther ketone), BMI (Bismaleimides), PMRl5 (polymeriza- 
tions monumer reactants), C150 glass, and high tempera- 
ture epoxy. Material properties were evaluated to deter- 
mine the most suitable for each proposed application. 

OMC materials were molded to form the desired shapes. 
Over a dozen experimental parts have been developed over 
the past two years, and these parts will be tested on engines 
to qualify them. Once qualified, the parts will be introduced 
into Textron Lycoming product lines. The following parts 
are currently being considered for introduction into the 
Lycoming engine product line. Their cost and weight 
savings are also presented. 

Weiaht Cost ($) 

Inlet housing for a PL'T210 30% 

Inlet housing for a T55 30% 10,000 

Engine cowl for the ALF502 10 Ibs 2,000 

Inlet housing for an AGT 1500 45 Ibs 1,000 

Anti-ice adaptor 45 % 250 

Ball bearing cage 35% 25 

Fan duct exist guide v,ane 30% 1,000 

Textron Lycoming implemented a value engineering 
program in 1985 when a small group was formed within the 
procurement organization. Although the focus at that time 
was in value analysis, the emphasis has since evolved into 
bUe value engineering and value control. A continuous 
improvement process has evolved throughout the entire 
organization. What began as a cost reduction program has 
evolved into value analysis (existing products), value engi- 
neering (prototype product), and value control (future prod- 
ucts). 

The program's success is due to the commitment of all 
organizational levels to change. The emphasis has focused 
on value not just cost. Traditional value engineering studies 
are augmented by design-to-cost studies, should cost stud- 
ies, negotiations, and manufacturing team studies, all of 
which are continually used to improve the end-item prod- 
ucts. Extensive training throughout the organization and 
with outside suppliers (in excess of I100 people), has 
n:sulted in eight Value Engineering Workshops and the 
formation of 150 teams. This very important team approach 
allows all involved disciplines in the process to provide 
input. 

Results obtained to date have been significant and indi- 
cate the commitment of Textron Lycoming to continue to 
lctok for better ways of doing things. The program return on 
ir~vestment has been greater than 8 to 1. Over 200 value 
engineering proposals have been implemented, resulting in 
mlillions of dollars saved. A new level of value and cost 
consciousness throughout the organization has been cre- 
ated and has resulted in new and improved technologies and 
products. Personnel have been able to transform their ideas 
into reality and become part of the process. 

Textron Lycoming has discovered that continuous evolu- 
tion is necessary for continued success. The valueengineer- 
ing program has provided the means for the evolution to be 
fcicused and controlled. 



Concurrent Engineering 

The Textron Lycoming design team determined there 
was a need to quickly improve the producibility of their 
honeycomb-based, heat transfer material called Lycolite. 
An interdisciplinary team was formed to aggressively ad- 
dress the problem. Members of this team included repre- 
sentatives from the Combustor Group (the customer); De- 
sign Engineering (drawings and configuration control); 
Stress Engineering (strength evaluations); Advanced Mate- 
rials (weld and braze evaluations); Purchasing (interface 
with suppliers, materials and services); and Manufacturing 
Engineering (manufacturing issues). 

These individual members have developed into a cohe- 
sive team. Team members concluded that there are several 
crucial elements to the team's successful operation. The 
team must have the authority to make decisions that directly 
contribute to the completion of team goals. Team leader(s) 
must have good leadership skills and be aware of the 
group's dynamics. Team goals must be specific and meas- 
urable. Goals can be items such as cost, performance and 
time, but it is mandatory that the team be able to determine 
when goals are met. If the project does not require a full 
time, colocated team, it is compulsory that specific times 
and locations be established for the team to conduct busi- 
ness. Finally, all decisions must be team decisions. 

The Lycolite Concurrent Engineering team goal has not 
been met at this time; however, Textron Lycoming esti- 
mates that the teaming action has reduced the time to meet 
the goal of developing an advanced combustion liner by 
30% - 50%. 

Design to Cost 

Engine producibility has the potential to be a major risk. 
To manage this risk, Textron Lycoming has established 
teams with representative experts who have specific exper- 
tise in various costly components. These teams, called 
Design to Cost (DTC) teams, are part of a DTC program 
initiated to lower cost and reduce time to market. 

DTC teams are created for each major component and, in 
certain cases, a person can be a member of more than one 
DTC team. Team members include experts from Methods1 
Standards, Procurement, Engineering, Process Engineer- 
ing, Reliability and Maintainability Integrated Logistic 
Support, Producibility, Quality, and Value Analysis. Sev- 
eral DTC teams exist for each engine. The team leader is 
selected based on experience and knowledge of the compo- 
nent, and he reports to the DTC coordinator. 

All DTC teams operate with the same procedure, begin- 
ning with the development of a baseline configuration. This 

configuration is then analyzed. Then a brainstorming ses- 
sion is used to determine cost reduction ideas. These ideas 
are evaluated and ranked based upon potential to reduce the 
component's overall cost. Risk assessment is performed for 
each of the potential changes to determine which combina- 
tion provides the highest cost reduction at the lowest risk. 
The component is redesigned incorporating the DTC rec- 
ommendations and is evaluated based on feedback received 
during fabrication and testing. 

This DTC method is successful because of the unique 
point of view and specific strengths of individual team 
members which are harnessed by a component leader who 
has a general understanding of the component in addition to 
a specific skill. 

Producibility Engineering and Planning 

Textron Lycoming initiated their Producibility Engineer- 
ing and Planning (PEP) process in mid-1983. The average 
full-scale development program takes five years. The 
baseline for the PEP process was established following 
producibility problems with initial start-up on the AGT 
1500 engine program. 

The foundation of PEP is a milestone chart that traces the 
evolution of the engine program. Key tasks on the plan 
include a Preliminary MakeBuy Decision (for manpower 
planning); Producibility Analysis; Capacity Assessment 
(preliminary); Final Make/Buy Decision; Final Capacity 
Assessment; and the Tool TryoutPilot Production. 

To ensure the program's success, Textron Lycoming 
established a systematic and interactive program involving 
all disciplines of the design process. This was done in part 
by developing the following procedures and documents. 

- A Division Practice entitled "Engineering and 
Production Bridge Through Drawing Review." 
This one page document establishes the purpose, 
operating policy, and practice for placing produci- 
bility considerations into engine designs. 

- A Design Review Worksheet. This form 
documentes the recommended changes during the 
design review. 

- A Producibility Check List. This form is used to 
evaluate  he general producibility aspects of each 

Part. 
- A ProducibilityAnspectability Assessment. This 

form provides a detailed listing of the recom- 
mended producibility changes. 

As a result of PEP, Textron Lycoming has estimated an 
80% reduction in design changes following release for 
production. On three programs where PEP was used, there 



were 2,644 changes made prior to release resulting in Textron Lycoming has employed service companies in 
reduction in development and production costs in excess of development of their models and found that the systems are 
$10 million. very sensitive to the CAD file types. CATIA and IGES bulk 

Textron Lycoming also found that when teamed with point data would not work with the system their service has; 
another contractor in a partnership development program Ilowever, they were very successful in using output from 
ground rules for interaction are required. These rules in- their beta test version Unigraphics systems. 
clude: The models have been successfully used in aerodynamic 

testing and flow visualization. Analysis that previously - A Producibilit~ Bridge for Drawing Review. This lequired several months in model development and testing 
page document establishes procedures for can now be completed more rapidly. Investigation of 

ensuring joint agreement of the producibility of potential use in the heat transfer measurements and strut- 
pans and transfer of manufacturing lmal and vibration testing is being conducted. Textron 
tion relating to the production of these parts. l.ycominr! has also worked with vendors to develop model 

- A Coordinalion Memo. This document transfers 
recommended product design changes to the part- 
ner and includes information such as recommended 
changes, maintainability and reliability concerns, 
producibility issues, and cost considerations. 

- Joint Specifications. Proprietary specifications 
cannot be used in the program; therefore, joint 
specifications are developed that are common to 
both partners. 

- Procedures for tooling and process technology 
transfer. This one page document establishes the 
procedure to ensure manufacturing process and 
tool design information is exchanged between 
partners. 

Desk Top Manufacturing Using 
Stereolithography 

Textron Lycoming recently began using desk top manu- 
facturing techniques to develop plastic models of engine 
parts for analysis. Desk top manufacturing is also referred 
to as rapid prototyping and became commercially available 
in 1987. It  can be used to quickly make physical models 
directly from the CAD models by tying in the computer 
model to the controller of a laser. Considerations when 
evaluating the possible use of desk top manufacturing 
include the compatibility of the CAD output files with the 
stereolithography systems. Also, the equipment cost is in 
excess of $200,000. There are service companies that 
produce models from customer data with costs varying 
from several hundred dollars for small, simple parts to 
$20,000 for complex parts. Stereolithography is a widely 
used method of desk top manufacturing and utilizes a 
photosensitive polymer with a laser to trace section shapes 
on the surface of the liquid which causes it to solidify. There 

- 
materials that can be used as patterns for castings. 

Textron Lycoming has found desk top manufacturing to 
tre a valuable design tool and will continue to use the service 
companies while Textron evaluates various techniques for 
~'ossible procurement. 

COMPUTER-AIDED DESIGN 

AIMNET Computer-Integrated 
Cdanufacturing Factory Design System 

Textron Lycoming, with Brigham Young University's 
Computer-Aided Manufacturing Software Laboratory, has 
developed a prototype computer-integrated manufacturing 
f.jctory design system which can be used to provide an 
advanced method of factory cell design (Figure 3-1). The 
goal is to use the system to quickly and consistently design 
and evaluate factory cells before any capital investment is 
made. 

are several other methods of forming the solid parts utiliz- 
ing plastic deposition, for example, that are also starting to FIGURE 3-7: AIMNET COMPUTER-INTEGRATED 
be used by Textron Lycoming. r'MANUFACTURING FACTORY DESIGN SYSTEM 



Cell selection is predicated on part families with process 
related characteristics such as shape, equipment processing 
capabilities, and a cell having a key machine that produces 
the basic part shape. Equipment definition considers basic 
part shape, material type, material condition, material form, 
part size, tolerance part quantity, and datum (centerline of 
part). 

Factory designers can select the part shape from a table of 
shapes displayed on a PC. The system will then search the 
data base for a similar part. The data base is also searched 
for a manufacturing cell capable of producing the selected 
part shape. The defined cell is mathematically modeled and 
analyzed for capacity and utilization. A simulation of the 
cell is dynamically modeled for bottlenecks, interrelation- 
ships, storage, material flow and handling. Based on this 
information, a cell analysis is performed and recommenda- 
tions given for equipment replacement, relocation, orienta- 
tion, and duplications. The system will also give recom- 
mendations based on answers to questions such as level of 
cell utilization, level of automation desired, need for dedi- 
cated supportequipment, and location of the cell within the 
factory. 

Access to this information prior to making capital invest- 
ments will reduce the possibilities of developing cells with 
limited or redundant capabilities. Equipment selection will 
also improve, and the return on investment for capital 
equipment will be maximized. 

Component Specific Design 

The Component Specific Design (CSD) system is a 
Textron Lycoming developed system. It bridges design and 
analysis and incorporates design rules created with an 
awareness of the manufacturing process for a specific 
component (Figure 3-2).The heart of the CSD system is 
Unigraphics I1 (UGII), a commercial CAD system. Support 
of the user interface, data base, geometry, and mathematics 
are the responsibility of Unigraphics. UGII's functionality 
is enhanced by Textron Lycoming through the use of the 
programming language GRIP. GRIP is used to automate 
the development of geometry and to provide application 
specific terminology to the user interface. GRIPpermits the 
development of applications programs without the required 
development and support of an in-house CAD system. 
Using GRIP, the casual user can be more productive since 
the user is guided through the process without having to 
memorize commands. The resulting design will be more 
consistent because accepted practices are automated. The 
user still has access to the fuli functionality of UGII and at 
any time can interactively modify the geometry generated 
by the CSD. 

CSD currently includes Bent Pipe Diffuser Design and 
Cooling Passage Design Systems. The GRIP routines use 
two-dimensional geometry to define sections. Once the 
sections have been developed, surfaces are interactively 
defined using the CAD system. Solid geometry is planned 
in the future. 

Model Analysis 

Textron Lycoming uses a unique integration between 
UGII and the Computer-Aided Engineering Design System 
(CAEDS). Once an engine blade has been defined using the 
CAD system, the geometry is transferred to the CAEDS to 
develop and refine a finite element model to predict struc- 
tural and thermal performance. NASTRAN, ABAQUS, 
and ANSYS are solvers currently used to perform structural 
and thermal finite element analysis. The displacements and 
thermal stresses are used to modify the CSD model based 
upon algorithms relating to the analysis of the "hot" blade 
in the loaded condition to the "cold" blade to be manufac- 
tured. The analyst is limited to a set of finite elements, 
primarily eight and 20 node bricks. Additional elements 
may be used but must be justified. The current operating 
environment is on an IBM 3090-300. The structural mod- 
eling and analysis tasks are being migrated to a UNIX 
workstation environment. 

The analysis is performed on the component in its loaded 
condition. Design and manufacturing are performed in the 
unloaded condition. This relationship is taken into consid- 
eration when transferring data from CAEDS to UGII. The 
component is then modified on UGII and analyzed. This 
iterative process is repeated until convergence is attained. 

FIGURE 3-2: COMPONENT SPECIFIC 
DESIGN SYSTEM 



Computational Fluid Dynamics 

Substantial advances in Computational Fluid Dynamics 
(CFD) procedures have been made over the last ten years. 
The advancements in CFD are essential to meet the per- 
formance goals of the next generation gas turbine engines. 
Textron Lycoming is committed to implementing CFD 
procedures in their component designs to develop these 
advanced gas turbine engines. The Integrated High 
Performance Turbine Engine initiative has challenged en- 
gine manufacturers to double propulsion capability by the 
year 2000. Use of the CFD procedures will enable the 
advanced designs to meet these challenges. 

The design codes are user friendly and quickly converge 
to a solution for ease of design turnaround. The following 
codes are currently operational and integrated into the 
Lycoming design system: 

- Three fully three-dimensional viscous analytical 
codes for analyzing flow fields in compressors and 
turbine blade rows 

- A three-dimensional viscous analysis code for 
combustors 

- A three-dimensional viscous analysis code for 
exhaust mixers 

- An axisymmetric viscous analysis code for inlets 
- A two-dimensional inverse design code for com- 

pressor and turbine airfoils 

These three-dimensional viscous codes are producing 
components with higher levels of performance over the 
three-dimensional inviscid codes. These codes account for 
boundary layer losses, vortices, shock boundary layers, and 
interaction in blades not previously accounted for in invis- 
cid design codes. Lyco~ning has developed several in-house 
codes and purchased others to develop the CFD for ad- 
vanced designs. 

The inverse design technique specifies an optimum flow 
field distribution and the codes generate blade geometry to 
produce the flow field. The previous technique prescribed 
a blade geometry that iterated the design until the desired 
flow field was reached. This procedure was time consum- 
ing, dependent upon the designer's experience. The new 
procedure is more timely and interactive with structural 
design. 

IGES Data Transfer 

Textron Lycorning i!; using a national industry standard 
to exchange disparate CAD systems data within its organi- 
zation as well as with teaming partners and subcontractors. 

This practice avoids the alternative of developing pro- 
prietary direct translators or recreating data on different 
CAD systems. 

IGES is used as a neutral file format to exchange data 
between dissimilar CAD systems. The IGES transfer 
process consists of two discrete steps. Preprocessing con- 
S I F ~ S  of translating the CAD data base to the IGES format. 
?'he second step is Post Processing. The complete process, 
called an End-to-End transfer, is the goal of a production 
data transfer program such as the one being implemented by 
l extron Lycoming. 

IGES is used to transfer data both internally at Textron 
L ycoming as well as between teaming vendors. IGES has 
been used successfully to transfer geometric data between 
dissimilar CAD systems. The current application at Tex- 
tron Lycoming and with its subcontractors and team mem- 
bers has been limited to two-dimensional geometry. IGES 
is used routinely to transfer engineering data to manufactur- 
ing and tooling. Two-dimensional engine cross sections are 
b1:ing transferred between Textron Lycoming and their 
teaming partners. 

Communication in the data transfer process is crucial. 
Before data is transferred, all involved personnel meet to 
discuss the CAD systems and scope of the data transfer 
process. Test cases are created tocheck the transfer process. 
IGES experts and systems support staff develop data trans- 
fer procedures based on results of the testing. Once the 
procedures are in place, the CAD users can then transfer 
PI oduction data with a high level of confidence. 

3.2 TEST 

INTEGRATED TEST 

Computer-Aided Engine Testing 

Several years ago, Textron Lycoming initiated a program 
to automate a majority of its engine testing (Figure 3-3). 

FIGURE 3-3: COMPUTER-AIDED ENGINE TESTING 
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Depending on schedule requirements, engine testing is 
performed 24 hours a day, five or six days a week using 32 
engine test cells. Testing is in either of two major catego- 
ries: Production Acceptance or Production Based research 
and development support. 

Production acceptance testing includes regulatory and 
contractual requirements with additional self-imposed re- 
quirements. Tests are normally short, three hours of run 
time or less, and require extensive data collection to ensure 
compliance to all requirements. Textron Lycoming devel- 
oped an in-house system using Hewlett-Packard equipment 
to automate this testing. The system prompts the test cell 
operator on the test sequence, verifies that the proper 
settings are being made, automatically collects data at 
predetermined points, and reduces the raw data for use by 
the operator and test engineers. The system also produces 
all documents required for certification of the performance 
tests. Total test time has been reduced from 14 hours to six 
hours on the AGT 1500 engine using this system. In 
addition, only one operator, instead of the previous two, is 
needed to run the system, and on-the-job training has been 
reduced from several years to several months. Testing is 
more uniform since the operator's settings are verified by 
the system. The system also automatically builds a histori- 
cal data base of all testing performed. 

hoduction-based research and development testing is 
usually a long process, often several thousand hours, and 
requires extensive data collection with extremely precise 
and frequent changes in engine speeds. For this testing, 
Textron Lycoming has enhanced their automated produc- 
tion acceptance testing system to include a full "closed 
loop" operation which allows the testing to run unattended. 
The test engineer selects the type of cycle to run and the data 
to be collected. The system then develops the test profile, 
runs the test automatically from startup to shutdown, and 
collects and reduces the data just as in production testing. 
Numerous safety interlocks are included such as fuel, fire, 
alarm, and power. This advanced system will notify the 
engineer anywhere of an out of-specification condition or 
system shutdown. System use has reduced labor, off-shift 
operation, produced faster test results, and provided uni- 
formity of testing. 

Engine Test Diagnostic Expert System 

Textron Lycoming brought their Lycoming Expert Advi- 
sor for Diagnosis and Engine Repair (LEADER) on line in 
mid-1988 to support production testing of the AGT 1500 
Engine. The system's intended purpose was to reduce 
congestion in the testing process by reducing required test 
time and capturing test expertise. 

The ACT 1500 engine can require adjustment during 
testing to ensure that all 16 performance characteristics are 
met. Previously, the test operator under the guidance of a 
test engineer made adjustments until all curves were met. 
This very time consuming process would lead to a bottle- 
neck condition when a test engineer was not available. 

LEADER was developed as an expert system which 
monitors all engine performance characteristics in real time 
and, based on previous decisions, instructs the operator 
what adjustments to make. This highly sophisticated sys- 
tem provides weighting factors to various data inputs, 
evaluates for faulty instrumentation, and can use judgment 
based on how many faults and in what way the data is out 
of specification. 

LEADER has produced beneficial results such as full 
shift coverage, consistent diagnosis of needed changes, 
reduced test time, and a 45% reduction in the number of 
adjustments required to bring the engine into specification. 

FIELD FEEDBACK 

Direct Maintenance Cost 
Measurement Program 

Textron Lycoming has developed a software package for 
measuringdirect maintenancecosts (DMC)oftheALF502R 
engine. It is also used to support other engine forecast 
models. The software, contingent training, and assistance 
in using the software to mejlsure and analyze engine main- 
tenance costs is furnished to customers at no charge. This 
provides a major benefit to smaller airlines which normally 
do not have the staff to perform this function. The data and 
model can also be used for forecasting maintenance costs 
based on previous measurements. Textron Lycoming does 
request that operators periodically provide a copy of their 
DMC data base. Textron can therefore monitor and identify 
component cost drivers and can use this information to 
structure improvement programs to reduce DMC. 

The DMC model is based on how much is spent each time 
a component is handled and how often it is handled. Both 
considerations are measurable from customer records. The 
cost of each event is broken down, and the model measures 
how much is spent on material and labor at each mainte- 
nance level. Component handling frequencies are meas- 
ured, and direct maintenance costs are provided in dollars 
per hour or dollars per cycle. 

The DMC Measurement Program has been in operation 
for about four years. Seventeen airlines are currently par- 
ticipating, which provides coverage for about 80% of the 
ALF502R fleet flying hours. 



Engine Condition Monitoring 

Textron Lycoming offers two plans for engine mainte- 
nance management; '"hard time" and "task oriented." "Hard 
time" maintenance is based on a specified number of hours 
the engine has been in service. "Task oriented" mainte- 
nance is a continuous maintenance program based on in- 
spections and checks, allowing the engine to remain in 
service as long as possible. This maintenance plan is most 
economical and preferred by customers. Confidence in 
procedures and methods of engine condition monitoring 
(ECM) enable the plan to work. Manual and automatic 
techniques are permissable for data collection. Large- 
company customers normally use automatic data acquisi- 
tion through the Smiths Engine Life Computer. This 
computer collects data for 29 parameters which are required 
to assess engine performance. The data is collected at 
predetermined intervals such as take-off and cruise condi- 
tions. Data can also be recorded on demand by the flight 
crew. Data is quickly downloaded by an authorized mem- 
ber of the ground crew to a Smiths Data Transfer Unit and 
is then transferred to a ground-based computer for data 
reduction and analysis. 

Software has been developed to perform this analysis for 
two different platforn~s. Originally developed for an IBM 
mainframe, the software was recently written for use on a 
user-friendly IBM PC This latter development is important 
due to the casual nature of the user. Smaller companies can 
enter the data manually. To facilitate this process, a form 
has been developed for the flight crew to complete during 
the aircraft's operation. Upon completion of the flight, the 
form is returned and the data is entered. When provided by 
the customer on requect, this data is also used by Lycoming 
to analyze the condition of its engines, and is used to 
enhance the software user manual by providing actual 
examples of data for a specific condition. 

The ECM program allows maintenance to be performed 
when i t  is actually required instead of under general guide- 
lines for engine operating hours. This reduces the unneces- 
sary removal of an engine allowing it to be maintained "on 
the wing." These procedures help data to be shared by 
everyone involved in the life cycle support of the engine as 
well as to provide feedback to the designers. An expert 
system based upon this data is under development. 

Reliability and Maintainability Communications 

Textron Lycoming uses a semi-annual Reliability and 
Maintainability (R&M) Program Review as a one-day 
session of presentations dedicated to reliability, maintaina- 
bility and cost issues. R&M engineers use this venue to 

relate concerns and to provide updates to the division, and 
ciolicit improvement recommendations. All programs are 
briefed, whether the product is in one of the development 
phases or has been in production for years. 

The presentation material is grouped according to prod- 
uct line so potential attendees, after reviewing the agenda 
c:nclosed in the invitation, can choose to remain all day or 
Ibr enough time to participate in topics of interest. Individu- 
ills who are performing the work make the presentations. 
'This approach gives less experienced speakers a chance to 
improve presentation skills in a reasonably comfortable, 
internal setting. Only one speaker addresses all aspects of a 
particular subject, even in some areas where he does not 
have primary responsibility. One or more educational 
topics are always included in the review. Product line topics 
typically address fleet status, priority components, dispatch 
reliability, guarantee status, direct maintenance cost driv- 
e rs, and maintainability. 

The R&M Program Review offers advantages such as 
providing a vehicle for formal interdepartmental communi- 
cation, one source for all R&M data, development and 
recognition of staff engineers, training opportunities, and 
tlile solicitation and exchange of suggestions for improve- 
ments. 

Textron Lycomingalso broadcastsreliability data through- 
out the Stratford, Connecticut site using a closed circuit 
television system. Monitors were first installed in all vice- 
presidents' offices and are now located nearly everywhere 
ill  the plant. No other data or notices of any kind are 
displayed on the screens. The Reliability department is the 
sole agent for data entry. The graphic advisories depict how 
well each product is doing in field operation by relating 
daily operational events, engine removal rates, inflight 
shutdown rates, and updates on major modification pro- 
grams. 

Textron Reporting Configuration 
Elxchange System 

The Textron Reporting Configuration Exchange (TRACE) 
system stores and transmits field and depot maintenance 
iu~d engine configuration data between on site field repre- 
sentatives at Mainz Army Depot and the host computer in 
S~ratford. The field representatives prepare a variety of 
recurring and situation reports on Compaq Portable 111 
computers for electronic submission to a European relay 
point. These reports address field service, engine status, 
field activity, depot receipts, depot shipments, and condi- 
tion. The field representatives, the Mainz representative, 
arwd Stratford communicate by modem through an elec- 
tronic mailbox provided by TYMNET. 



TRACE was prototyped during a one week closed door 
session of user members of Lycoming's Customer Support 
and Information Systems. TRACE has been fully opera- 
tional for one year. It currently supports the AGT 1500 
power plants installed in MIA1 battle tanks deployed in 
Europe. 

The immediate, most apparent benefit of TRACE im- 
plementation is a 33% decrease in processing time. Data is 
digitized once, at its source, thus reducing the number of 
keystrokes required for uploading it to the host. The speed 
of transmission has made editing and loading the field data 
possible on the same day the situation occurs. TRACE has 
improved Lycoming's ability to analyze fielded engine 
performance and initiate corrective measures. For ex- 
ample, the host data base can, for example, be queried to 
locate parts by serial numberand reveal their history includ- 
ing place of manufacture. 

Textron Lycoming is completing plans to add TRACE to 
all of their data support programs and engine models. 

Reliability and Maintainability Data 
Management 

The R&M Department has an excellent system for cradle- 
to-grave tracking of all engines shipped from Textron 
Lycoming. An extensive and highly developed network is 
used to capture engine and component data from all avail- 
able sources including customers, field service representa- 
tives, service centers, and internal sources. The data is 
encoded into a computer data base where it can be retrieved, 
edited, and analyzed. Analysis results can be published and 
disseminated in a variety of formats. 

R&M data is primarily used for reliability analysis and 
configuration tracking. The system maintains component 
histories as well as current configuration and modification 
status for each engine, and can also support failure analysis. 
The system provides useful information to the legal, mar- 
keting, quality, and product support departments, and to 
customers. Other benefits include furnishing data to sup- 
port service life extension programs, product improvement 
programs, warranty administration, and spares provision- 
ing. 

There are two key factors to the R&M data system's 
effectiveness. One factor is Lycoming's ability to collect 
accurate and timely data from a variety of sources. The 
second key factor is the ability tocommunicate the analyzed 
information in very useful forms both internally and to 
customers. 

A replacement of the R&M data system is currently 
underway. This move was necessary since the existing 
system is nearing 20 years old and modifications to meet 
current business and customer requirements were not prac- 
tical. Textron Lycoming selected DB2, IBM's state-of-the- 

art relational data base management system. Benefits of the 
new system include modular and component level tracking, 
reduction in data redundancy, easy downloading to per- 
sonal computers for data manipulation and analysis, and 
user friendliness. The new system is currently in the user 
testing phase and will be implemented for selected engine 
models by the end of 199 1. 

3.3 PRODUCTION 

DEFECT CONTROL 

Automated Process Verification System 

The Automated Process Verification System (APVS) is 
an IBM mainframe-resident data base used by Textron 
Lycoming to provide manufacturing process tracking, trend 
analysis, and statistical monitoring of engine component 
quality. APVS utilizes data provided by shop floor person- 
nel through the use of custom designed manual charting 
techniques. The APVS system is designed to provide a 
centralized data collection system capable of supporting 
division-wide SP(3 and TQM initiatives. 

The APVS system is structured to support the needs of 
several levels of users. Shop floor machine operators 
measure and record product characteristics on Process 
Verification (PV) charts (Figure 3-4) which are designed to 
provide a continuous picture of process stability for real- 
time operator response to process verification. The PV 
chart is also formatted to allow the plotted data to be 
electronically scanned and entered into the APVS data base 
(Figure 3-5). Once resident in the data base supervision, 
shop management, and quality personnel are able to review 
historical results. display and print control charts, and 
publish several reports containing various information per- 
taining to process stability and improvement over time. 

Through the information genreated by the APVS system 
operations, support personnel (Product Quality Engineer- 
ing, Process Engineering, Design Engineering, etc.) are 
able to identify problem processes and statistically signifi- 
cant trends. This feedback is used to establish process 
improvement priorities and to monitor improvement re- 
sults. As the APVS data base grows, statistical tolerancing 
will be employed to further optimize process capability and 
design requirements. 

Action for Cost Excellence, 
"Top Ten Task Force" 

Textron Lycoming's manufacturing operations manage- 
ment took a unique, non-traditional pro-active approach to 
cost management by creating an Action for Cost Excellence 
(ACE) organization chartered with tracking labor and ma- 



COMMENTS: 

FIGURE 3-4: PROCESS VEIIIFICATION SPC CHART 
terial costs daily on all major engine programs. In the past, 
Manufacturing Operations relied on cost accounting data 
from the cost accounting department to disclose labor and 
material costs for a given engine program or operations 
department. Typically this data was more than 30 days old, 
resulting in a reactive posture for corrective action. 

In the ACE program, data is readily available through 
the automated labor time reporting system and the compu- 
terized material inventory system. This practice provides 
manufacturing with data in real time, resulting in pro- 
active corrective action strategies. Daily, monthly, and 
quarterly reports show trend values and how they relate to 
yearly goals. 

Besides the daily cost tracking, the ACE team began 
focusing their resources on high dollar cost overruns and 
scrap parts. The outcome of their analysis showed that ten 
parts accounted for over 70% of all high loss activity in 
1989; therefore, the Top Ten Task Force was established. 
[Jsing similar cost data, cost analysis was performed on 
these ten parts to identify potential areas of causality. The 
Task Force, comprised of members of manufacturing, value 
engineering, quality, design, and project engineering along 
with members of manufacturing operations, was formed to 
address the production problems with these parts. On one 
part, the scrap loss was reduced by 87% in less than a year's 
time. 

FIGURE 3-5: AUTOMATED PROCESS VERIFICA TlON SYSTEM SHOP FLOOR INPUT 



TOOL PLANNING forrnance is clearly sensitive to the total gap. The closer the 
gap, the less wear; therefore, these gaps are closely con- 
trolled by dimensional limits. The previous method was to Advanced inserts and Seeded measure this gap manually using feeler gauges. This method 

Grinding Wheels was slow, extremely sensitive to the individual skills of the 

Textron Lycoming is taking advantage of recent techno- 
logical breakthroughs in the use of ceramic cutting tool 
inserts and seeded gel (SG) grinding wheels. For some 
particular applications, these state-of-the-art cutting and 
grinding tools are providing significant productivity im- 
provement. 

The ceramic inserts involve alumina-based whisker rein- 
forced or silicon nitride material. These inserts are manu- 
factured by Kennemetal under the KYON brand name. 
KYON inserts can be used on selected applications at 
increased speeds and feeds up to 10 times more than normal 
carbide inserts. In addition, harder material such as Incon- 
nel can be machined at a more productive and stable 
frequency due to the effect of chemical stability between the 
cutter and workpiece. 

Two disadvantages of KYON use inserts are the need for 
rigid fixturing and the tendency to cause distortion on thin 
wall parts due to faster speeds and higher temperatures. 
These critical criteria tend to limit applications to larger 
parts that can be rigidly fixtured. The use of KYON on one 
such part, a fourth stage nozzle in the AGT 1500 gas turbine 
engine, resulted in a two hour reduction in machining time. 

Seeded gel grinding wheels manufactured by Norton 
Company can be used at greater surface speeds to reduce 
total production time. These wheels are composed of 
ceramic aluminum oxide grains that are 50 times smaller 
than conventional aluminum oxide grains. As the SG wheel 
wears, the ceramic grains form a sharp cutting edge, provid- 
ing a "resharpening effect" as compared to the flattening 
effect of conventional grains. This effect also reduces cost 
by requiring less wheel dress time. 

SG wheels are being used at Textron Lycoming on 
Gleason Grinders to manufacture a wide variety of gears. 
Continuing investigation of process variables such as cool- 
ant usage and surface speed rate is expected to broaden the 
base of application and further increase productivity. 

SPECIAL TEST EQUIPMENT 

inspector, and produced reading variations. To accelerate 
this process and provide a more consistent and reliable 
inspection method, Textron decided to use an outside ven- 
dor with laser application and gauge design experience to 
help build an inspection gauge. RSGLIG was developed to 
inspect shroud gaps accurately and repeatedly to within + 
.0005-inch. 

The system consists of two major components: the in- 
spection station and the control cabinet. The inspection 
station contains a laser transmitter, a two-position laser 
receiver, a part rotation table, a fiber optic blade position 
sensor and indicator, a translation stage adjustment mecha- 
nism, control switches, and an enclosure. The control 
cabinet contains the controls and indicators necessary to 
operate the system and microprocessor based drcuitry with 
internal memory to control the laser gauge and process the 
inspection data. 

The gauge operates in the following manner. The rotor to 
be inspected is loaded on the rotary table and rotated to a 
fixed index position which is recorded by a fiber optic 
transmitter and receiver. Once indexed, inspection is initi- 
ated by the operator. A laser beam is generated which is 
split into two parallel inspection beams. These beams pass 
through the slot between the individual blade shrouds, one 
beam for the lower portion of the part outer circumference, 
the other on the upper portion. A laser receiver detects the 
beams passing through the gap and converts the received 
light to an electrical inspection data signal. A motor rotates 
the rotary table so the gap between each blade passes in front 
of the laser beams. An electrical encoder produces rotation 
signals that allow the table movement to be measured. As 
the laser receiver detects light through the blade gaps, the 
rotary table signals are counted in the microprocessor. The 
microprocessor calculates the amount of part travel from 
the count of the encoder pulse, thus establishing the gap 
measurement. 

This information is stored in the microprocessor mem- 
ory. Individual gap, as well as quadrant and total gap 
dimension data, is compared against stored data. Failure to 
fall within preset tolerances causes a fail lamp to illuminate 
on the control panel indicating part failure. If all gaps fall 

Laser Gap Measurement System within tolerance, a pass lamp will light. A complete 
printout of all gap dimensions can be produced by the 

Textron Lycoming uses a Rotor Shroud Gap Laser In- system. The system is calibrated at least once every shift 
spection Gauge (RSGLIG) to inspect the turbine rotor using a master part with a known gap distance. 
shroud gaps on the fourth stage turbine wheels of the RSGLIG has provided accurate and consistent measure- 
ALF502 engine. Tests have indicated overall wear per- ments and a significant cost savings in the gap inspection of 



To take advantage of the laser welding process, a special 
pair plate pressure tester was designed and developed by 
Cincinnati Control Dynamics, Inc. in accordance with de- 
tailed functional specifications developed by Textron 
Lycoming Quality Engineering. Eight of the systems are 
currently in use to cover production of approximately 
375,000 pair platesfyear. 

Use of the testers has reduced inspection time by 2.5 
minutes per pair plate, equalling 15,625 man hours every 
year. In addition, the early detection and repair of individ- 
ual pair plate leaks has also resulted in reducing the yearly 
core repair cost by approximately $175,000. 

COMPUTER-AIDED MANUFACTURING 

High Speed Blade Tip Grinding 

High speed blade tip grinding was initiated by Textron 
Lycoming in 1989 to support the tip grind and deburring of 
the high and low pressure compressor rotors used in the 
AGT 1500 turbine engine. A three-axis, CNC-controlled 
grinding machine manufactured by Butler Newall of West 
Yorkshire, England to Textron Lycoming specifications 
was purchased to provide this capability. The machine has 
full CNC programming capabilities in three-axes, in-proc- 

f l ~ u ~ ~ 3 - 6 :  ~ 4 1 ~  PLATE PRESSURE TESTER e s ~  laser gauging, blade tip deburring, and high speed 
operation up to 7000 RPMs (Figure 3-7). - 

These features provide a significant advantage over pre- 
the ALF502 wheels. Inspection time has been reduced from viously used methods and have improved Part quality and 
30 minutes to three minutes per wheel. Reliability and consistency. An annual savings of over $500,000 in direct 
consistency have be,en improved by eliminating the manual labor costs has been achieved by the use of this machine. 
use of feeler gauges. Problems with required disassembly and regrinding rotor 

Pair Plate Pressure Tester 

The ACT 1500 gas turbine engine built by Textron 
Lycoming for use in the Army's M I A I tank incorporates an 
exhaust gas recuperator section. The recuperator consists 
of a series of specially configured Inconnel plates joined in 
pairs and stacked to form the recuperator core. Textron 
Lycoming has implemented a special leak detector for 
testing individual plate pairs prior to assembly into the core 
(Figure 3-6). This special test equipment allows use of a 
laser welding process for joining the pairs. 

The laser welding process was developed to replace the 
much slower and more expensive resistance welding proc- 
ess. However, the laser process produced bum-through, 
stitching, and pinhol~e defects which were difficult to detect. 
A visual inspection rate of 20 gas conduit ports per pair plate 
multiplied by 300 pairs for each recuperator was not accept- 
able. FIGURE 3-7: THREE-AXES GRINDING MACHINE 



assemblies resulting from excessive blade tip run-out have 
been eliminated. The need to use a ,.IA compound to 
stabilize the blades for the tip grinding operation has also 
been excluded. Being able to run the rotor at high speed for 
the grinding operation allows the blades to "grow" as they 
would in normal operation, thus ensuring concentric and 
precise tip clearance. 

The use of this three-axis, CNC-controlled grinding ma- 
chine has improved Textron Lycoming's manufacturing 
capabilities and has enhanced the quality and performance 
of the AGT 1500 engines. Additional benefits include 
reduced pan handling and setups and fewer inspections and 
lower machine maintenance costs, as this machine replaced 
three manual grinders. 

Networking Coordinate Measuring Machines 

In 1987, Textron Lycoming Quality Engineering was 
challenged with an increased demand for dimensional in- 
spections to ensure product integrity on all production parts. 
The existing resources required to perform these dimen- 
sional inspections consisted of seven standalone Coordi- 
nate Measuring Machines (CMMs). Of the seven CMMs, 
four types of CPUs were being utilized to provide computer 
control of the individual CMMs. This collection of various 
types of computer controllers led to specialized operator 
skill and programmer knowledge, thereby limiting machine 

I utilization, software development, and operator inter- 
changeability between machines. 

After investigating the problem, quality engineering 
observed that six of the CMMs were made by one original 
equipment manufacturer vendor, Sheffield, the seventh 

FIGURE 3-8: CMM NETWORK CONTROLLED 

being a Zeiss. Investigations were conducted and an analy- 
sis performed to determine the best way to upgrade the 
CMM machines to a common working platform, one where 
a common programming language and universal operator 
skill could be used on all machines. Two alternatives were 
reviewed: individual machine upgrades which would con- 
vert each to a common CPU or networking all machines to 
one common CPU in a multi-user environment. 

Due to the economic benefits and potential for future 
expansions, a Sheffnet CMM network was purchased and 
installed, integrating all seven CMM machines to a com- 
mon CPU. The use of this system has led to increased 
operator flexibility, program development, and machine 
utilization (Figure 3-8). In addition to the electronic down- 
loading of part inspection programs, the system now re- 
trieves and archives inspection files as the parts are in- 
spected. 

Planned future system enhancements include the 
acquisition of a DMIS module for both the CMM 
network and the CAD/CAM system to allow for 
graphical part program generation. 

Non-Destructive Test lnspection Technique 
Generation System 

Magnetic particle inspection (MPI) is the non-destructive 
test method used for detection of surface and sub-surface 
discontinuities such as cracks, laps, seams, and inclusions 
in Ferrous parts. Successful performance of an MPI inspec- 
tion is dependent on proper set-up, machine control set- 
tings, and operator capability. Textron Lycoming has 
implemented the use of an automated inspection technique 
generation system (Figure 3-9). 

The Non-destructive Test lnspection (NDTI) Technique 
Generation System is run on an IBM PSI2 Model 70 
computer and uses Texas Instruments' Personal Consultant 
Plus expert system development tools. The system also 
includes dBASE 111 Database Management System, 
CADKEY, and it is written in PASCAL. Through a series 
of menu options the user inputs various part configuration 
parameters. Based on preprogrammed logic, the computer 
derives control parameters and part set-up requirements. 
The results are then published on a standard technique sheet 
as shown in Figure 3-10. 

Previous manual technique generation procedures re- 
quired an average of 1.5 hours of development time by a 
certified Level I11 engineer. Through system implementa- 
tion, this development time has been reduced by 78% to less 
than 20 minutes. Furthermore, due to the preprogrammed 
logic, technique generation can be accomplished by a 
lesser-skilled individual to improve overall technical re- 

THROUGH A COMMON CPU source utilization. 
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The NDTl system has been designed to serve as a proto- 
type "expert system" for future application to the generation 
of other (FPI, X-ray, and UT) NDT Inhpectlon techniques. 
System software has been developed In modular fashion to 
support future upgrades and mod~fications to meet the 
unique needs of each technique type. 

FIGURE 3-9: NDll TECHNIQUE GENERAllON SYSTEM 

1. PIN 2-141-124-05 E PRODUCTION B 

2. ACCEPTANCE CRITERIA P6820 

3. PART NAME RETAINER, OIL SEAL FRONT 

4. CIRCULAR MAGNETIZATION - Central Conductor 

Torodial Magnetization 

5. CURRENT : FWDC 

6. PREINSPECTION: Demag Vapor Degrease 

7. APPLICATION OF PARTICLES: 

Wet Continuous Flourescent 

8. POST-INSPECTION: Vapor Degrease Oil Slush 

Comments: 
STEP 1. Place part as shown (See Fig. 1) 

a. Central conductor shall be 3.00" diameter. 
b. Magnetize and inspect. 

STEP 2. Place part as shown (See Fig. 2) 
Use 3.00" core piece 

FIGURE 3- 10: MPI TECHNIQUE 



3.4 FACILITIES 

MODERNIZATION 

Automatic Guided Vehicles 

One objective included in a multiyear Industrial/Re- 
source Enhancement Program at Textron Lycoming was to 
provide adequate material handling devices to service an 
entire factory performing discrete manufacturing in a batch 
mode. Results from intensive investigations into various 
material handling practices and analytic review indicated 
that Automatic Guided Vehicles (AGV) provided the most 
significant economic benefits to flexible batch type produc- 
tion. Control Engineering of Harbor Springs, MI, was 
contracted to install and implement this modem material 
handling system which utilizes Prontow Hv-3 forklift type 
AGVs (Figure 3-1 1). System simulation indicated that 
seven AGV units would be required to meet production 
demands for the new system. 

The system employs buried cable embedded in the con- 
crete flooring system to guide the AGV routing throughout 
the shop area. The system uses 28 Burr-Brown terminals 
strategically located adjacent to pick-and-drop stations to 
transmit commands via radio frequency to a centrally 

located Digital Microvax 2000. The Microvax then trans- 
mits commands by way of radio frequency to individual 
AGV units. When an AGV has completed its task, it 
transmits status updates back to the Microvax which in turn 
updates the IBM mainframe about work-in-process deliv- 
eries. 

Each AGV is capable of handling either one standardized 
pallet or two standardized portable wheeled material racks. 
The AGVs are equipped with numerous safety features to 
minimize man-machine interferences. 

Benefits of this automated material handling system 
include elin~inating the need for 1 1  forklift operators, 
associated equipment, and maintenance costs. Investment 
return is projected to be 50% over a two-year period. 

Factory Modernization 

In 198 I .  'Textron Lycoming began a major factory mod- 
ernization effort under an Army Industrial Productivity 
Improvement (11'1) program. The program included a $1.3 
million Phase I "as is" study and conceptual "to be" design, 
a $7.8 million Phase 11 detail design, and an eight-year. $60 
million Phase I l l  implenientation effort. The IP1 program 
agreement included joint Army and Textron Lycoming 
funding and shared savings. 

The primary focus of the effort was to take a group 
technology approach to total factory modernization. The 
program has moved Textron Lycoming from a 1982 posi- 
tion of job shop environment with outdated management 
systems, old equipment, antiquated offices, and poorly 
trained workforce to the 1989 position of a group technol- 
ogy, integrated factory with modem management informa- 
tion systems, new or rehabilitated machinery, automated 
offices, and a well-trained workforce (Figure 3- 12). 

Reported results from the program include: 

- Production rate tripled for the AGT 1500 engine 

- Manufacturing costs down 40% 

- Scrap and rework down 8570 

- Non-conformance down 65% 

- Efficiencies up 52% 
- Dock-to-stock time reduced from 27 days to less 

than three shifts 
- N~imber of machines down from 1500 to 700 

These improvements have resulted in a reduction in the 
cost of the AGT 1500 engine for the Army's M 1A 1 Abrams 
tank from $500.000 in 1982 to $290,000 for the current buy 
through 1990. Savings are shared under the IPI agreement 
with Textron Lycoming retaining all savings from com- 

FIGURE 3-11: AUTOMATIC GUIDED VEHICLES mercial sales arid Army retaining all military savings. 



ess from raw material to a finished modular product was 
placed on line. 

Production capabilities exceeded customer demands, 
product quality as a result of weld integrity improved, 
overall costs for the product were reduced, and dependency 
on outsitlc resources disappeared. Payback for these manu- 
facturing improvements occurretl in less than two years. 

FACTORY IMPROVEMENTS 

Cubic Boron Nitride Gear Grinding 

In 1988, Textron Lycoming introduced cubic boron ni- 
tride (CBN) external gear grinding into their production 
process \Y ith the purchase of a 4-axes CNC creep feed gear 
grinder rrianufactured by the Kapp Machine Company of 
Coburg, West Germany (Figure 3-14). The primary objec- 
tive of t h ~  \ purchase was to reduce the cost of manufacturing 
the reduction gears used in the AGT 1500 engine. 

Selection of the Kapp Company was based on their 
success in developing the creep feed grinding method using 

FIGURE 3- 12: TEXTRON L YCOMING'S CBN grinding wheels. These grinding wheels are made 

MODERNIZED GEAR CENTER from hardened steel ground to the specific tooth profile and 
then coated with a single layer of electronically-applied and 

Textron Recuperator Manufacturing Facility 

Faced with increased manufacturing costs and customer 
ramp-up quantities tripling current production capacity, 
Textron Lycoming implemented a complete, integrated 
manufacturing system for the ACT 1500 Recuperator used 
on the Army's M I A I tank (F~~gure 3- 13). 

The Recuperator is basically fabricated by welding two 
.008-inch thick Inconnel stamped sheets embossed in a heat 
dissipating air flow pattern an~d through passages together. 
Stacking upwards of 3C@ welded paired plates forms the 
core of the Recuperator. Inside diameter and outside 
diameter resistance seam welding forms the final configu- 
ration. Total length of weld exceeds 1.2 miles per each core 
assembly. 

With product ramp-up schedules identified in 1983, stud- 
ies began to identify what resources would be required to 
meet the upcoming production schedule needs. A year later 
purchase orders were placed for state-of-the-art precision 
stamping presses (3 minster model P-200, 1 minster Model 
M-1000 utilizing specially designed dies purchased from 
Oberg Manufacturing, F'A ancl integrated with Orii, Japan 
pick-and-place slide robots), 1,aser welding machines (Co- 
herent General Model S-48 Sturbridge, Massachusetts), ID/ 
OD Resistance Welders (Skiaky Brothers, Chicago, IL), 
and automatic pressure t~esting machines. Four years later, 
in a newly expanded satedlite filcility, the equipment which FIGURE 3- 13: RECUPERA TOR 
was capable of performing the entire manufacturing proc- MANUFACTURING FACILITY 



FIGURE 3-14: FOUR-AXES CNC KAPP GRINDERS 

nickel bonded CBN crystals. These CBN crystals rate next 
to diamonds in hardness and are two to three times harder 
than conventional grinding abrasives. Because of their 
grain structures the crystals become sharper as the wheel is 
used. The advantages of using this grinding process 
include: a precise and consistent tooth form; no wheel 
dressing requirements; less tendency to bum the finished 
tooth; increased production rate; high piece part per wheel 
ratio (greater than 300parts per wheel); and consistent, high 
accuracy. Disadvantages include: long procurement lead 
time for new wheels; higher costs per wheel; limited suppli- 
ers; and a specific wheel required for each tooth form. 

Using this grinding technology has provided Textron 
Lycoming with an annual direct labor savings of $850,000. 
This savings has resulted from reduced manufacturing cycle 
time (40 - 60%), reduced equipment requirements (20%), 
reduced operator requirements (10%); reduced scrap and 
rework (40%); and reduced set up time (60%). Additional 
benefits include: reduced part handling; reduced machine 
maintenance; reduced inspection time; and reduced parts in 
process. 

Textron Lycoming has two internal grinding machines in 
addition to the one external grinding machine that incorpo- 
rate this technology. These machines have resulted in a 
large annual savings and have positioned Textron Lycoming 
to expand gear manufacturing capabilities well into the 
future and to ensure consistent, high quality parts necessary 
to meet current requirements. 

Laser Machining Center 

In 1988, Textron Lycoming installed its first Laser Ma- 
chining Center. The equipment, manufactured by Interna- 

tional Laser Machining Company, is a Model 3000, 400 
watt ND:Y,4G laser. To date, 70% of the parts originally 
scheduled for conversion to laser machining have been 
qualified. These parts provide machine loading for two 
shifts per day. 

One example of the savings potential is laser drilling of 
0.020-inch diameter holes in a specific part manufactured 
from 0.400-inch thick Inconnel at the rate of 30 seconds per 
hole. The conventional method required 30 minutes per 
hole. This rate equates to savings of over 40 hours in time 
and labor per part. 

Textron Lycoming is continuing to identify and qualify 
additional parts for laser machining and anticipates having 
the Laser Machining Center completely loaded on a full 
three-shift, five-day week by the second quarter of 199 1. A 
second laser is also planned for 1991. 

3.5 LOGISTICS 

SUPPORT AND TEST EQUIPMENT 

DEPOT - Performance Diagnostics 

Textron Lycoming has developed DEPOT, a perform- 
ance diagnostics tool for the AGT 1500 M 1 A 1 tank engine. 
Each engine is tested prior to shipment and must meet every 
requirement of the acceptance test specification. The auto- 
mated quality check test will occasionally reject an engine. 
DEPOT was developed to troubleshoot or diagnose the 
problem. 

DEPOT provides a component level diagnostics capabil- 
ity to all Army depots tasked with overhaul and repair. The 
program is PC-based with various modules to engine analy- 
sis and provides a data base of material from years of 
experience and knowledge of the engine. The overhaul 
depot using this software has an experienced test and 
performance engineering expert which is essential for the 
production rate of the AGT 1500 engine. With production 
rates from 40 to 100 engines per month, the acceptance and 
corrective action must be automated. 

Using DEPCITan operatorruns the test engine comparing 
output data to a baseline. The diagnostic reveals if the test 
engine data is above, within, or below diagnostic zones. A 
statistical listing of components to be changed is provided. 
Each data point has a power weight factor. DEPOT lists in 
order the most likely causes, probable causes, probable but 
unlikely causes, and unlikely causes. The listing indicates 
what tochange and what not tochange to meet the shipment 
acceptance. With accuracy of greater than 95%, it permits 
inexperienced personnel to troubleshoot problems at re- 
duced costs in a timely manner at both production and 
overhaul lines. 



Tooling Inventory and Management System 

In 1983 the manual system controlling the issuance of 
gauges at Textron Lycoming allowed an 18% discrepancy 
error rate in calibration status and physical location of all 
Lycoming gauges. This condition did not meet the 
government's property accountability standards. The Tool- 
ing Inventory and Management System (TIMS) was estab- 
lished under an Anny contract in 1985 to correct the 
situation. 

TIMS is an end user designed, automated system initially 
containing two substations - Durable (spanning gages and 
fixtures) and perishables (covering all cutting tools and 
abrasives). The durable subsystem addresses the former 
problems of excessively used past-due gauges, poor track- 
ing of gauges and fixtures, the 24 hour visibility delay of 
tooling transactions, and tlie error-prone manual system. 
The perishable subsystem addresses the past problem of 
accurate usage history, replenishment lead times, on-hand 
inventories, and statu~s of tools on order. 

The system has been enhanced to provide on-line infor- 
mation in all areas of tool control. It has a penalty feature 
that automatically shuts down the releaseof tool inventories 
to any department that is holding tools or gauges beyond 
established recall time limits. TIMS has also been con- 
nected to the automated purchasing and the part and opera- 
tion cross reference systems. 

The use of TIMS has virtually eliminated waiting lines at 
the tool crib window because it instructs the attendant of 
each item location and the fastest picking sequence. The 
former discrepancy error rate of 18% has fallen to one-half 
of 1 % after TIMS installation. 

3.6 MANAGEMENT 

MANUFACTURING STRATEGY 

Asset Management 'Team 

Textron Lycoming has talcen a unique approach to inven- 
tory management and control. They have established an 
Office of Inventory Management to ensure effective con- 
trols and direction for Division inventory levels, inventory 
forecasting, inventory controls, and inventory systems. 
The goal of the office is to increase throughput while 
lowering inventory through a process of continuous im- 
provement. 

The Office of Inventory Management chairs an Inventory 
Management Team composc:d of representatives from each 
company component having ownership of inventory. The 
team identifies problems and assigns responsibility for prob- 
lem resolution. 

In the eight-year history of the Inventory Management 
Team active inventory turnover at Textron Lycoming has 
gone from 3.02 times in 1982 to 7.46 times in 1990, 
resulting in $164,000,000 in inventory avoidance. 

Master Planning and Control System 

The phase-by-phase approach adopted by Textron Ly- 
coming assured successful implementation of the Master 
Planning and Control (MPCS) system, an MRP 11 based 
manufacturing operations control system. MCPS was in- 
stalled one module at a time over a two-year period without 
impacting daily business operations. 

This achievement can be attributed to careful, well con- 
sidered planning and skillful execution. The acceptance 
testing program conducted before module startup was strictly 
managed and adhered to. This was the key ingredient of the 
implen~entation. The first step in acceptance testing - 
integrating testing - was the responsibility of information 
systems personnel. Its purpose was to test a program's 
communication with its preceding and succeeding pro- 
grams. The second step - user control testing - was con- 
ducted by a small group of users. It validated the function- 
ality of the programs in support of the processes defined on 
the module flowchart. The third step - user assurance 
testing .. included the larger population of the user commu- 
nity in the simulation of their daily job functions. The final 
step - conversion testing - simulated the changeover from 
the old system, ensured all necessary data was converted 
and ver~fied, and determined that the new system success- 
fully fiirlctioned in the production environment. 

Following actual startup, users still had the opportunity to 
contact assistance teams for answers to questions and quick 
problelri resolution. In addition, ready reference pocket 
guides were distributed to every module user to provide as 
much general information as possible. 

Strategic Computing 

Textron Lycoming instituted Strategic Computing to 
establish a different, faster way of implementing automated 
systems while involving the user community. After attend- 
ing workshops sponsored by the Cambridge Technology 
Group, Lycoming personnel knew it was possible to devote 
resources to ventures and innovative systems. A Strategic 
Computing laboratory was established based on an AT&T 
3B2 minicomputer running the UNIX System V. ESCORT 
and AT&T Connectivity software surrounded Lycoming's 
diverse computing environments, easing the link withexist- 
ing systems and opening the way for rapid prototyping of 
new applications. 



The prototype process consists of several steps. Once an 
application is identified, several meetings focus on the 
business function with the users. All existing systems 
associated with that function are researched. Participants 
from the user departments and business systems then attend 
a two-to-five-day workshop. At this workshop, personnel 
work together to develop data flow paths, lay out any on- 
line screens or reports, and define new functions and re- 
sponsibilities. The final task of the participants is to brief 
the directors or vice-presidents. Approval is normally 
conferred if the new system represents a good business 
decision and the cost is justified. 

This workshop technique has a positive effect on both the 
speed of implementation and user's acceptance of the new 
system. 

PERSONNEL REQUIREMENTS 

Quality Team Recognition 

Since 1988, Textron Lycoming has been using a unique 
approach to recognize the activities and achievement of 
quality teams. This approach consists of an annual celebra- 
tion to showcase team activities and accomplishments. 
During this event, teams make brief presentations of their 
activities during the past year to a team of judges composed 
of four senior managers and four members of the company's 
Quality Awareness Steering Committee. Each team that 
participates is awarded a minimum of $100 for donation to 
the team's favorite charity. Three teams are selected as 
Teams of the Year, and each receive an additional $1400 for 
donation to their favoritecharity orcharities. The donations 
and a brief encore of the winning team presentations are 
made at a reception and dinner attended by the teams and 
representatives of the charities selected. 

The program has been extremely well received and 
supported by all involved persons. I t  represents a win-win 
situation which provides very effective recognition with 
little concern over the selection process. In addition to 
improving quality awareness, the program also has a posi- 
tive impact on the community. 

TECHNICAL RISK ASSESSMENT 

Material Financial Control System 

The Material Financial Control System has provided 
Textron Lycoming with unique managerial control and 
performance measurements for procurement actions of 
high value parts (over $100,000 per purchase order). The 
system has provided a combination of reduced material 

costs and improved accuracy of material pricing to the 
customer. 

Linked by a series of procedures and data bases, the 
system incorporates four interrelated activities - material 
pricing, cost targeting, cost controlling, and performance 
tracking. 

The Purchasing Department is responsible for pricing 
and negotiating the material cost portion of the engine price 
with the customer. Because of this direct responsibility, a 
greater level of detail and care yields current, complete, and 
accurate pricing for the customer. 

Cost targets are established for all high value parts in the 
contract. The targets are established by using pricing histo- 
ries, cost analysis, and/or should cost analysis for each 
individual part. Target limits are set by the financial control 
organization within purchasing to challenge the buyer and 
to stay within limit values contained in the contract. Cost 
targets then become performance measures for buyers who 
must obtain upper management approval for any over- 
target pan price. These cost performance measures are 
tracked by buyer and manager, and are used as a basis for 
merit reviews, promotions, and management awards, rein- 
forcing the need for continuous material cost reduction. 

Primarily as a result of using this Material Financial 
Control System, purchasing has reduced the material cost 
on the AGT 1500 engine program by 14% since 1985, 
providing the basis for lower engine pricing to thecustomer. 

Strategic Procurement 

In a unique twist of microeconomics. Textron Lycoming 
has implemented a Strategic Procurement Function to assist 
and advise the division's purchasing operations for achiev- 
ing cost savings and cost avoidance in their $550 million 
annual procurements. This position is staffed by one person 
who provides daily, weekly, monthly, and yearly economic 
trends for critical commodities, financial, and market infor- 
mation which will impact the final part cost structure. 

Included in these detailed reports are pricing trends for 
nickel, cobalt, chrome, titanium, ferocolumbium, molyde- 
num, magnesium, aluminum, copper, west Texas crude, jet 
fuel, fuel oil. federal funds, prime lending rate, gold, the 
yen, pound and mark. By tracking these costs in this 
manner, business cycle trends begin to appear, indicating 
windows of tlme where either cost avoidance opportunities 
may exist or indicate early warning signs for increased 
commodity cost appearing on the horizon. 

By forecasting these economic trends using risk analysis, 
the Strategic Procurement function issues mid-range and 
long-range procurement strategies, early warning adviso- 
ries, and specific marketplace timing alerts which affect the 



division's purchasing practices. This procurement strategy 1990 when nickel was at a three year low. Textron Lycom- 
is exemplified by the strategically timed placement of firm- ing co~isiders this management practice critical for survival 
fixed price contracts for jet fuel in July 1990, prior to the in the 1990s, offering significant cost savings to both the 
Persian Gulf crisis, and Inconnel625 in the first quarter of company and customers. 





S E C T I O N  4 

INFORMATION 

4.1 TEST 

FIELD FEEDBACK 

Developing Fleet Statistics 

Textron Lycoming prepares a quarterly Customer Fleet 
Statistics brochure to acknowledge to commercial custom- 
ers that their problems are fully understood (Figure 4- 1). 
Brochure information is provided by customers, the com- 
pany field service represen~tatives, service centers, and 
engine shops. There are several reasons to publish this 
information. The brochure reports basic reliability mea- 
sures and significant events for the entire engine fleet so 
Textron's performance can be evaluated. In addition, the 
customer is notified of what is being done to resolve their 
concerns. The brochure also serves as Lycoming's con- 
science to ensure timely response to those concerns. 

The brochure's basic reliability summary includes in- 
flight shutdown rates as a measure of safety and passenger 
satisfaction, and engine remclval shop rates as a measure of 
disruption of service and cost of operation. The brochure 
also communicates significar~t events such as service bulle- 
tin information, newly available repair procedures, and 
important field incidents. 

As the company's conscie:nce, the brochure contains a 
removals section that identifies the causes of removal and 
corrective actions in process to correct the problem. It  also 
contains a frequently cited components section to address 
top problems regardless of the level of repair. The correc- 
tive action is identified and the hardware availability is 
described. 

4.2 PRODUCTION 

COMPUTER-AIDED MANUFACTURING 

Computer-Aided Acqi~isition and 
Logistics Support/Concurrent 
Engineering Steering Committee 

1 

Textron Lycoming is involved in the Computer-Aided 
Acquisition and Logistics Support/Concurrent Engineering 
Steering Committee by chairing the subcontractor working 
group of the Acquisition Task Group. In this capacity, they 

FIGURE 4- 1: FIELD FEEDBACK 
DOCUMEN TA TlON PREPA RA TION 

have developed a draft of the CALS subcontractor flow- 
down str'itegy report. Subcontractor flowdown is the ex- 
change o f  CALS data from prime contractors to subcontrac- 
tors. The goal of this strategy is to identify subcontracting 
issues arid propose recommendations. 

Textror~ Lycoming is participating with the Army-led 
testbed on the CALS test network in testing MIL-D-28000 
(ICES). The use of lGES for the transfer of engineering 
drawing has not been as successful as the transfer of 
geometry. Lycoming is investigating other CALS stan- 
dards to transfer drawings, the most promising of which is 
the Raster standard to transfer and archive graphics. 

4.3 FACILITIES 

FACTORY IMPROVEMENTS 

Flexline - Flexible Manufacturing System 
Rehabilitation 

As onc of the first projects under an Army Industrial 
Productivity Improvement effort, Textron Lycoming im- 
plementcd a flexible manufacturing system (FMS) in 1978. 



This system was developed for machining of three large 
stainless steel (1 7-4 PH) castings for use on the AGT 1500 
gas turbine engine for the Army's M l A 1 tank. 

The system includes seven principal components: 

- Two Perkin Elmer 816E computers for DNC and 
material handling control 

- Pallet storage and handling (28 pallet capacity) 

- Tool setting crib 

- Load/unload stations 

- Three Bullard vertical turret lathes 
- Seven Kearney and Trecker 5-axis machining 

centers 

- Towline system 

- One main chain- 1500 foot travel 

- Ten spur tracks (loops) 

The FMS, called Flexline (Figure 4-2), has been success- 
fully operating on a three-eight-hour shifts, five days-a- 
week schedule since its installation. This level of  utilization 
led to the need for a major rehabilitation program which is 
currently underway with Army funding support. The reha- 
bilitation is intended to include the following upgrades: 

- GE CIMSTAR DX DNC system 
- DNC system connected to mainframe IBM 3090 
- GE Genius 110 to replace outdated Programmable 

Logic Controllers 
- K&T machines rehabilitated to original manufac 

ture specification 
- Bullard machines rehabilitated to original manu 

facture specifications 
- Each machine to have GE FANUC Series 15 

controller 
- Each machine equipped with Reinshaw probing 

capability 
- Towline and pallet storage area rehabilitated. 

4.4 MANAGEMENT 

PERSONNEL REQUIREMENTS 

Training With Industry Program 

Textron Lycoming is an active participant in the U.S. 
Army's Training with lndustry (TWI) program. The pro- 
gram provides selected Army officers with an opportunity 
to experience working in industry and receive on-the-job 

FIGURE 4-2: FLEXLINE FLEXIBLE 
MACHINING SYSTEM 

training in industrial procedures and practices. I t  gives 
industry an opportunity to provide future contracting offi- 
cers a better appreciation and understanding of the civilian 
defense contracting business. 

Within the objectives and guidelines specified by the 
Army, the company has considerable latitude in structuring 
the TWI program for each student officer. Although a 
number of other companies participate in this program, 
unique aspects of Textron Lyconing's approach to admini- 
stering the program include: strong top management com- 
mitment; a well-balanced academic and hands-on curricu- 
lum; and exposure of the student officer to all aspects of the 
company's business. 

The training program lasts 10 to 12 months and consists 
of two phases. In the month-long Phase I, the officer meets 
and interviews individually with the company's senior 
managers at the vice-president and director level in each of 
the business areas. Phase I1 continues until the end of the 
program, or approximately nine to 1 1 months. During this 
period, the officer completes an academic program consist- 



ing of required core courses lplus elective subject areas. The 
officer is also given work assignments on a rotational basis 
to provide exposure to the various aspects of the business. 
It is a comprehensive program, but it allows the officer 
flexibility to dwell in areas of particular interest. 

This program requires a major commitment by Textron 
Lycoming. The company believers that its program is very 
effective in providing future procurement officers with a 
thorough understanding of industry's perspective. 

DATA REQUIREMENTS 

Factory Analysis Collection and Trending 
System 

The Factory Analysis Collection and Trending System 
(FACTS) is an HP-1000 based electronic data collection 
and analysis system. The system is capable of electroni- 
cally acquiring data from networked factory terminals, 
CMMs, and various electronic gaging systems located 
throughout the factory environment at Textron Lycoming. 
Following data acquisition, FACTS provides various data 
analysis routines for subsequent evaluation. 

The FACTS system was structured to ensure configura- 
tion control and various levels of security from unauthor- 
ized entry. All software applications development is com- 
pleted off line in an area dedicated to this activity. Utilities 
are provided for development request prioritization, revi- 
sion conrol, and production installation. Access to FACTS 
is password-controlled, and users are assigned security 
levels which limit a user's ability to enter the various utilities 
based on need. Programmatic installation of new and 
updated applications ensures historical records for software 
quality assurance. 

FACTS is an integral part of Textron Lycoming's proc- 
ess analysis and control system. The system provides 
software configuration management, network control, user 
security, and software quality assurance commensurate 
with industry standards. 

Quality Assurance Data Systems Overview 

The '1-'extron Lycoming Quality Assurance Engineering 
Department collects, publishes and maintains a variety of 
quality data for general use by operations and management 
personnel. Historically, all data was collected, consoli- 
dated, analyzed and published nianually. Today, the proc- 
ess of data reduction is being transferred to various com- 
puter platforms. The platform of choice is based on several 
factors including: geographic access; speed and storage 
requirernents; system up-time; security requirements; inte- 
gration to other systems; availability of end user software, 
and software quality assurance requirements. 

Present system structure includes three different plat- 
forms supporting six different major data systems. The 
platfonlls include an IBM mainframe, an HP- 1000, and a 
DEC Microvax. The platforms support TIMS, a conform- 
ance verification record system, the APVS, FACTS, a 
document control system, and a non-conforming document 
data base. 

In general, the IBM mainframe is utilized for those 
applications that require either a large scale geographic user 
accessibility, high speed, security, or extensive data storage 
requirements. The HP-1000 and DEC Microvax systems 
support applications that require high speed, real-time data 
acquisition; interfaces to instrumentation or controls; sig- 
nificant user interaction with the application; medium secu- 
rity or software quality assurance. In addition, system 
integration requirements are of significant importance to 
platforn~ selection. 

The transition of quality data collection and analysis from 
a manual system to an automated process supported by 
three major computer platforms has resulted in greater 
accuracy, flexibility, and superior output capability. Plat- 
form selection is critical, and many factors must be consid- 
ered to ensure end user requirements are met. Textron 
Lycoming is continuing to expand its application of these 
systems to the quality data management process. 





Acronym Definition 

ACE 
APVS 
AGV 

,Action for Cost Excellence 
,4utomated Process Verification System 
,4utomatic Guided Vehicles 

CBN Cubic Boron Nitride 

Computer-Aided Engineering Design Systern 
Computational Fluid Dynamics 
Coordinate Measuring Machine 
Component Specific Design 

CAEDS 
CFD 
CMM 
CSD 

DMC 
DTC 

Direct Maintenance Costs 
Design to Cost 

ECM ]Engine Condition Monitoring 

FACTS 
FMS 

Factory Analysis Collection and Trending System 
Flexible Manufacturing System 

IPI I[ndustrial Productivity Improvement 

Lycoming Expert Advisor for Diagnosis and Engine Repair LEADER 

MPCS 
MPI 

Master Planning and Control System 
Magnetic Particle Inspection 

NDTI IVon-Destructive Test Inspection 

OMC Organic Matrix Composite 

PEP 
PQE 
PV 

Producibility Engineering and Planning 
I3oduct Quality Engineer 
I3ocess Verification 

R&M 
RSGLIG 

lieliability and Maintainability 
liotor Shroud Gap Laser Inspection Gauge 

!seeded Gel 

'Tooling Inventory and Management System 
'Textron Reporting Configuration Exchange 
'Training With Industry 

TIMS 
TRACE 
TWI 

UGII 





A P P E N D I X  B 

BMP SURVEY TEAM 

Team Member 

Leo Plonsky 
(2 15) 897-6684 

' I  ) 

Richard Purcell 
(703) 602-2 128 

Gaylen Fischer 
(309) 782-67 18 

Robert Jenkins 
(703) 602-4242 

Jack Tamargo 
(707) 557-4985 

Timothy LaCoss 
(5 18) 266-4566 

Ted Brindle 
(3 17) 353-7260 

Agency Function 

Naval Industrial Resources Team Chairman 
Support Activity 

Philadelphia, PA 

BMP Representative 
Washington, DC 

U.S. Army Industrial Engineering 
Systems 

Rock Island, IL 

Naval Sea Systems Command 
Washington, DC 

Mare Island Naval Shipyard 
Vallejo, CA 

U.S. Army Arsenal 
Watervliet, NY 

Naval Avionics Center 
Indianapolis, IN 

Ben Kassel David Taylor Research Center 
(301) 227-1355 Washington, DC 

Team Leader 
Management/l,ogistics 

Team Leader 
Production/Facilities 

Team Leader 
Desigflest 

Vern LaBodsky Naval Air Propulsion Center 
(609) 896-5948 Trenton, NJ 





BMP surveys have been conducted at the companies listed below. Clopies of survey reports for any of these companies 
may be obtained by contacting: 

Best Manufacturing Practices Program 
Office of the Assistant Secretary of the Navy 
(Research, Development, and Acquisition) PI 

Attn: Mr. Ernie Renner 
Washington, DC 20360-5000 
Telephone: (703) 602- 1505 

COMPANIES SURVEYED 

Litton 
Guidance & Control Systems Division 
Woodland Hills, CA 
October 1985 

Texas Instruments 
Defense Systems & Electronics Group 
Lewisville, TX 
May 1986 

Harris Corporation 
Government Support Systems Division 
Syosset, NY 
September 1986 

Control Data Corporation 
Government Systems Division 
Minneapolis, MN 
December 1986 

ITT 
Avionics Division 
Clifton, NJ 
September 1987 

UNISYS 
Computer Systems Division 
St. Paul, MN 
November 1987 

General Dynamics 
Fort Worth Division 
Fort Worth, TX 
May 1988 

Honeywell, Incorporated 
Underseas Systems Division 
Hopkins, MN 
Jar~uary 1986 

General Dynamics 
Pomona Division 
Pomona, CA 
August 1986 

IBM Corporation 
Federal Systems Division 
Owego, NY 
October 1986 

Hughes Aircraft Company 
Radar Systems Group 
Los Angeles, CA 
January 1987 

Rockwell International Corporation 
Co:llins Defense Communications 
Cedar Rapids, IA 
October 1987 

Motorola 
Government Electronics Group 
Scottsdale, AZ 
March 1988 

Texas Instruments 
Defense Systems & Electronics Group 
Dallas, TX 
June 1988 



Hughes Aircraft Company 
Missile Systems Group 
Tucson, AZ 
August 1988 

Litton 
Data Systems Division 
Van Nuys, CA 
October 1988 

McDonnell-Douglas Corporation 
McDonnell Aircraft Company 
St. Louis, MO 
January 1989 

Litton 
Applied Technology Division 
San Jose, CA 
April 1989 

Standard Industries 
LaMirada, CA 
June 1989 

Teledyne Industries Incorporated 
Teledyne Electronics Division 
Newbury Park, CA 
July 1989 

Lockheed Corporation 
Missile Systems Division 
Sunnyvale, CA 
August 1989 

General Electric 
Naval & Drive Turbine Systems 
Fitchburg, MA 
October 1989 

TRICOR Systems, Incorporated 
Elgin, IL 
November 1989 

TRW 
Military Electronics and Avionics Division 
San Diego, CA 
March 1990 

Bell Helicopter 
Textron, Inc. 
Fort Worth, TX 
October 1988 

GTE 
C3 Systems Sector 
Needham Heights, MA 
November 1988 

Northrop Corporation 
Aircraft Division 
Hawthorne, 'CA 
March 1989 

Litton 
Amecon Division 
College Park, MD 
June 1989 

Engineered Circuit Research, Incorporated 
Milpitas, CA 
July 1989 

Lockheed Aeronautical Systems Company-Georgia 
Marietta, GA 
August 1989 

Westinghouse 
Electronic Systems Group 
Baltimore, MD 
September 1989 

Rockwell International Corporation 
Autonetics Electronics Systems 
Anaheim, CA 
November 1989 

Hughes Aircraft Company 
Ground Systems Group 
Fullerton, CA 
January 1990 

MechTronics of Arizona, Inc. 
Phoenix, AZ 
April 1990 



Boeing Aerospace & Electronics Tee hnology Matrix Consortium 
1 .  

Corinth, TX Travers City, MI 
May 1990 August 1990 

Information gathered from all BMP surveys is included in the Best Manufacturing Practices Management Information 
System (BMP-MIS). Addilionally, a calendar of events and other relcvant information are included in this system. All 
inquires regarding the BMP-MIS may be directed to: 

Director, Naval Industrial Resources Support Activity 
Attn: BMP-MIS System Administrator 

Bldg. 75-2, Room 209, Naval Base 
Philadelphia, PA 19 1 1 :!-5078 
Telephone: (2 L 5) 897- 6684 h //G 





5.2 PERSONAL EXPOSURE MONITORING 

Personal exposure monitoring for selected chemicals of concern will be performed to conFinn 

actual employee exposures. Chemicals of concern previously found in high concentrations 

will be targe:ted (eg. tetrachloroethene, 1 , l  dichloroethane, trichloroethene, 1 , 1 ,I- 

trichloroethane:, asbestos and lead) as well as contaminants with low PELS (benzene, 

chloroform, carbon tetrachloride, and vinyl chloride). 

Attachment 5 presents a summary of Personal Exposure Sampling Methods and applicable 

National Institute for Occupational Safety and Health (NIOSH) analytical methods. Personal 

exposure monitoring samples will be analyzed only by laboratories successfully participating 

in and meeting the requirements of the American Industrial Hygiene Association's (AIHA) 

Proficiency Analytical Testing (PAT) or Laboratory Accreditation programs. Galson 

Laboratories of East Syracuse, New York will be performing analytical testing for the 

personal exposure monitoring program. The resu1I:s of these analyses will be used to indicate 

the relative response of the HNu PID and/or OVA FID and evaluate the efficacy of the 

environmental monitoring program. 

Copies of all sample test results will be submitted to the SAEP Safety Office. 

Personal exposure monitoring will be performed during the fxst two weeks of field work for 

employees of highest expected exposure. Sampling will be performed by the Site Safety and 
Health Officer (SSHO) under the direction of a Certified Industrial Hygienist. (CM) The 

need for additional personal exposure monitoring will be evaluated by the SSHO and a CIH. 

5.3 PERIMETER MONITORING 

The SSHO and/or other appropriately trained W-C personnel will conduct periodic 

(frequencies no longer than 1 hour) perimeter air monitoring at locations 20 ft downwind of 

any work area or in any area accessible to non-project personnel (whichever is closer) if air 

quality measurements in the breathing zone of workers in the Exclusion Zone exceed 50% 

of the maximum levels permissible under Level D PPE. The purpose of this perimeter 

monitoring is to document that personnel in the Support Zone, off-site populations, and the 

Remedial Investigation Work Plan - SSHP 
Stratford Amy Engine Plant 
Stratford, Connecticut 
s:\C3MI 1LL\dOlShsp.w51 

December 13, 1994 



environment are not adversely exposed as a result of field activities. If the perimeter 

monitoring reveals sustained levels greater than 25 % of the Level D action levels, work will 

be stopped in the work area causing these elevated readings and corrective measures will be 

implemented on-site. The location and type of monitoring will be determined in the field 

by the SSHO based on the nature of the work being performed on-site, the results of the air 
quality monitoring program, and the type of exposure being experienced at the perimeter of 

the work area. Meteorological monitoring shall be performed on-site as needed and used as 

an adjunct in determining perimeter and any off-site monitoring or air sampling locations. 

5.4 HAZARD MITIGATION 

5.4.1 Mitigation of Organic Vapors 

Any wash water used in drilling and purge water will be collected into chemical resistant 

containers that can be readily sealed for future disposal and/or treatment upon proper 
chemical and physical classification. 

An explosion-proof fan or blower may be used to dissipate fumes emanating from the soil 

and/or water surface in areas where the air exchange is inadequate, where the sampling area 
falls below the surface grade, or if the area is surrounded by buildings or structures high 

enough to prevent any air circulation. 

Engineering controls, such as the use of vapor suppressant foams, wetting of the ground 

surface and plastic sheeting, will be used to reduce the volatilization of organic vapors. 

5.4.2 Mitigation of Airborne Dust 

Water mists and sprays may be used during ground disrupting activities to reduce the 

emission of any contaminated fugitive dust. They may be applied by using portable pump 

sprayers as the ones used for the application of herbicides and pesticides with a liquid 

capacity of 3 gallons. 
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6.0 
ACTION LEVELS BY TASK 

The action lev~els presented herein are based on the chemicals of concern (Table 4-I), their 

respective exposure limits (OSHA PELs and ACGXH TLVs), and the relative response of the 

instruments to the contaminants. The PELs for the compounds with the highest 

concentrations (chlorinated solvents and aromatics) are in the range of 50 to 350 ppm. 
However, some contaminants found at the SAEP at lower concentrations have PELs of 1 

PPm. 

The selected action level of 5 pprn for a 1 minute average sustained reading is chosen 

because the estimate is that no more than 20% of the 5 pprn is from any constituent with 

published expclsure levels of 1 ppm. It is expected that the highest airborne concentrations 

will be tetrachloroethene and l,l,l-trichloroethane, which have PELs of 25 pprn and 350 

ppm, respectively, with 1 , 1 , 1 -trichloroethane expected in higher concentrations than 

tetrachloroethene. 

1Vr 
ACTION LEVELS WILL BE A MAXIMUM OF ONE-HALF OF THE OSHA PELS 

AND/OR ACGIH TLVS. IN THE EVENT THAT OSHA PELS DIFFER FROM 

ACGIH TLVS, THE MORE RESTRICTIVE SHALL PREVAIL. 

In the event that work must be stopped, personnel will vacate the work area and proceed to 
a predetermined location, as selected by the SAEP's Manager of Health, Safety and Loss 

Control and the SSHO. This location will be chosen and discussed each morning, and will 

not have concentrations of airborne contaminants above the SAEP background levels. The 

maximum working levels (with appropriate PPE) are 50 pprn for total volatile organic 

compounds and 20 percent LEL for combustible gases and 10 percent if airflow is restricted 

in the work area (i.e., confined spaces, underground installations, etc.). If either of these 

levels are measured, the work area will be vacatal, allowed to vent, and be monitored for 

organic compounds and combustible gases every 15 minutes by the SSHO. 

The following action levels will be used for sampling activities conducted at the SAEP. 

Remedial Investigation Work Plan - SSHP December 13, 1994 
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Soil Boring. Sam~Iing and Monitoring Well Installation 

Total VOCs 

Background level to 5 pprn 

5 pprn to 50 pprn 
> 50 pprn 

Vinvl Chloride 

< 0.5 pprn 
> 0.5 pprn 

Chloroform 

< 1 PPm 
' 1 P P ~  

Benzene 

< 0.5 pprn 
0.5 pprn to 10 pprn 
> 10 pprn 

Remedial Investigation Work Plan - SSHP 
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Level of Protection 

Level D 

Level C 

Evacuate work area and allow area to 

ventilate. Return only after total VOC 

levels are less than 50 pprn 

Level of Protection 

Level D 
Evacuate work area and allow area to 

ventilate. Return only after vinyl chloride 

levels are less than 1 pprn 

Level of Protection 

Level D 

Evacuate work area and allow area to 

ventilate. Return only after chloroform 

levels are less than 2 pprn 

Level of Protection 

Level D 

Level C 

Evacuate work area and allow area to 

ventilate. Return only after benzene levels 

are less than 10 ppm. 

December 13, 1994 w 



8.0 
ANTICIPATED PER.SONAL PROTECTIVE EQUIPMENT 

LEVELS FOR SITE ACTIVITIES 

The initial level of protection assigned to each woik task, except where noted below, covered 

by this SSHP is Level D. Level D represents W-C's best estimate of the PPE necessary to 

reduce the potrmtial for exposure of field personne:] to potential hazards to acceptable levels. 

This level of protection may be upgraded based on visual observations or the results of air 
monitoring. 

8.1 PERSONAL PROTECTIVE EQUIPMENT 

The personal protective equipment specified in this SSHP will be provided for all field 

personnel. The following requirements are in acc:ordance with OSHA regulations: 

Facial hair that interferes with proper fit of' respirators must not be worn 
a Contact lenses must not be worn 

Eyeglasses that interfere with proper fit to full-face respirators must not be worn 

The following descriptions of personal protective equipment ensembles shall constitute the 

cited Levels of' Protection as used in this SSHP for the sampling activities at the SAEP: 

Modified Level D Personal Protective Equipment 

- Hard hat using the SAEP recommended colors 
- Safety glasses, goggles, or face shield'') 
- Chemical-resistant steel-toed and steel shank work boots 
- Overboots or disposable "booties" (dark color preferred)(2) 
- Outer gloveso) 
- Latex surgical gloves (to be worn underneath outer gloves)") 
- G~ay or dark blue Tyvek coveralls(4) 

Rnnedial Investigation Work Plan - SSHP 
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(I) if splash or dust hazard exists 
(2) personnel should wear neoprene overboots or "booties" in Areas containing PCBs; 

rubber overboots or "booties" may be worn, as required, in other areas of the facility. 
(3) personnel should wear neoprene outer gloves in Areas identified as containing PCBs; 

nitrile rubber outer gloves may be worn, as required, in other areas of the facility. 
(4) polycoated Tyvek or Saranex impregnated coveralls should be worn in areas identified 

as containing PCBs. 

Level C Personal Protective Equipment 

- Hard hat using the SAEP's recommended colors 
- Full-face air purifying respirator with GMC-H combination cartridges 
- Chemical-resistant steel-toed and steel shank work boots 
- Nitrile rubber outer gloves or a material compatible with the suspected 

chemicals 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Rubber overboots or disposable "booties" (dark color preferred) 
- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek coveralls 

(taped at cuffs) 

Level B Personal Protective Equipment 

- Positive pressure-demand full-facepiece self-contained breathing appamtus 

(SCBA), or positive pressure-demand supplied air respirator with a 15 minute 

escape SCBA 
- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek coveralls 

(taped at cuffs, seams and facepiece) 
- Nitrile rubber outer gloves or a material compatible with the expected chemicals 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Chemical-resistant steel-toed and steel shank work boots 
- Rubber overboots or disposable "booties" (dark color preferred) 

In addition to this equipment, a fust aid kit, snakebite kit, and emergency eyewash in 

accordance with ANSI 2-358.1, is maintained in the W-C Site Trailer. Multi-purpose dry 

chemical UL Class A-B-C fire extinguishers are maintained in the W-C Site Trailer, at each 

drilling site, and in the sampling boat. 
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-1 (Continued) 
LEVELS OF PROTECTION FOR FIELD ACTIVITIES 

AT THE STRATFORD ARMY ENGINE PLANT (SAEP) 

Note: 
*(I) The frequency of air quality monitoring for worker protection will be at the discretion of the SSHO and will be based on the likelihood of changes in air quality, the 
nature of the work being performed, and the previous measurements. Initially, air quality measurements with the HNu PID or OVA FID will be made at 15-minute 
intervals in the breathing zone of the most highly exposed worker(s) (i.e., closest to sources) at the Site. Air quality monitoring will initially be performed using a CGI at 
least each 30 minutes in areas where flammable conditions, oxygen deprivation or enrichment, and/or elevated levels of hydrogen sulfide may develop. 
*(" Individual(s) involved in these field activities should wear polycoated Tyvek or Saranex impregnated coveralls. 
*(n Draeger tubes shall be used if the Total VOC readings are detected above background airborne concentrations. 
*(" Monitoring will take place near individuals with the greatest potential for exposure in all work zones. 

Activity 

Sediment Sampling 

Benthic 
Macroinvertebrate 

1 ~ E ~ ~ ~ ~ a t i o n  

Biological Tissue 
Samples 

s:\CJM11 Ubblcll l  Page 2 of 2 

Potential Hazards 

-- 
PCBs, Semi-volatile 
Organic Compounds, VOCs 

PCBs, Semi-volatile 
Organic Compounds, VOCs 

Initial 
Level of 

Protection 

Level D*" 

Level D*" 

5-50 ppm - Level C 
> 50 ppm - Evacuate 

H2S: 
I 

< 1.5 pprn - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 

None 

Monitoring Requirements*") 

Total VOCs (HNu PID, OVA 
FID or Draeger Tubes*o) 
Hydrogen Sulfide (CGI) 
Draeger ~ u b e s  *@ 

Total VOCs (HNu PID, OVA 
FID or Draeger Tubes*") 

I I 
Hydrogen Sulfide (CGI) 

Action Levels 

Total VOCS*~): 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
>50 ppm - Evacuate 

H2S: 
< 1.5 pprn - Modified Level D 
1.5-5 pprn - Level C 
>5 pprn - Evacuate 

Total VOCs*": 
<5 ppm - Modified Level D 

None PCBs, Semi-volatile 
Organic Compounds 

Level D*" 
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U. S. Department of the Army 
Corps of Engineers, Omaha District 
CEMRO-ED- EA (Mr. John Barrett) 
215 North 17th Street 
Omaha, Nebraska 68102-4978 

RE: Draft Phase I1 RI Work Plan 
Stratford Army Engine Plant 

Dear Mr. Ba~rett: 

Attached to this letter, please find five copies of the Draft Phase I1 RI Work Plan for 
the Stratford Army Engine Plant in Stratford, Connecticut. Copies of this plan have also 
been mailed by Federal Express to those recipients listed below. This study was 
completed under Woodward-Clyde Consultants' Indefinite Delivery Contract No. 
DAC W45-93-,D-005. 

We appreciate the opportunity to provide services for this project. If you have any 
questions concerning this project, please call. 

Very truly yours, 

/ / Marion Craig, P.G. I.-/ 

Project Manager 

cc: P. LuedtkeIATCOM, AMSAT-EMC (2 copies) 
H. MoglialAVSCOM, SAVAI-F ( I  copy) 
D. PersetUDRPO-Textron Lycoming-RTAC (1 copy) 
R. BarlowTTLS, (6 copies) 
A. McDermotUAMC I&S, AMXEN-CA (1 copy) 
L. Merrell/HQAMC,AMCEN-A (1 copy) 
S. FriedIHQAMC, AMCEN-R (1 copy) 
P. SzymanskiTTACOM, AMSTA-XEM ( 1  copy) 
J. WillisrTACOM, AMSTA-ICC (1 copy) 
L. LypeckyjJTACOM, AMCPM-GMC-CP (1 copy) 
T. GervasoniIAberdeen (1 copy) 

201 W~llowbrook B v d  Wayne, NJ 07470 
201-785-0700 Fax 201-785-0023 
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1.0 
INTRODUCTION 

1.1 AUTHORITY 

The Stratford Army Engine Plant (SAEP) is a government-owned, contractor-operated 

facility located in Stratford, Connecticut. The U.S. Department of the Army (USDA) owns 

the land, the buildings, and most of the production equipment at SAEP. The U.S. Army 

Aviation Systems and Troup Command (ATCOM, formerly AVSCOM) has responsibility 

for the jurisdiction, control, and accountability of SAEP. Allidsignal Engines, a unit of 

AlliedSignal Aerospace, operates SAEP under a facilities contract with ATCOM. 

AlliedSignal manufactures and tests turbine engines at SAEP, primarily for the Department 

of the Army. ,411iedSignal also produces turbine engines for the U.S. Navy, for foreign 

military sale, and for commercial use. 

The USDA has adopted the position that it may sell a government-owned facility on the basis 
Y101) that it is "excess to ownership". A facility may be considered excess to ownership if it is 

not necessary for the government to own the facility, although the production capacity of the 

facility may be required. USDA is currently considering the lease or sale of government- 

owned property at SAEP. U.S. Army Regulation 200-1 (AR 200-1) requires that a 

Preliminary As!iessment Screening (PAS) be completed for any real property for which a 

transaction is being proposed. In March, 1991 the U.S. Army Corps of Engineers 
(USACE), on behalf of ATCOM, contracted Woodward-Clyde (W-C) to complete a PAS for 

SAEP. Based on the results of the PAS, it was recommended to complete a Remedial 

Investigation as described in Chapter 9 of AR 200-1, Environmental Protection and 

Enhancement. 

In April 1992 the USACE on behalf of ATCOM contracted W-C to conduct a Remedial 

Investigation. Field activities for this investigation were performed from May through 

November 1992. A report on the results of this work was issued in June 1993. Based on 

the results of this initial investigation, it was recommended that further investigations were 

needed to complete the Remedial Investigation 
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USACE has been tasked by AVSCOM to prepare a Phase II Remedial Investigation Work 
w 

Plan for SAEP. The USACE has contracted the preparation of this plan to W-C under 

Indefinite Delivery Contract No. DACW45-93-D-0005. Any and all deviations from this 
work plan will be approved by USACE prior to implementation. 

1.2 WORK PLAN ORGANIZATION 

Section 1.0 of this Work Plan provides background information on the circumstances and 

regulations which have precipitated the upcoming investigation. Sections 2.0 and 3.0 provide 

background information on the site and conceptual models which form the basis of the 

rationale used to develop the Work Plan. Both of these sections are largely derived from 

the PAS, and more details can be found in that document. Section 4.0 describes the 

rationale that was used to develop the sampling and analysis scheme. Section 5.0 broadly 
outlines each of the tasks to be completed under the Phase 11 Remedial Investigation. Section 

6.0 contains an estimated schedule of the time needed to complete the remedial investigation 

tasks. Section 7.0 provides references cited in the Work Plan. Appendix A is the Sampling 

and Analysis Plan (SAP). fm 
The SAP is comprised of a Field Sampling Plan (FSP) and Chemical Data Acquisition Plan 

(CDAP). The FSP contains specific details on how and where samples will be collected, for 

what parameters they will be analyzed, and how and where field testing and monitoring will 

be done. The CDAP describes the procedures to be used to assure that high quality, 

defensible data are acquired. Appendix B contains a site specific Site Safety and Health Plan 

which establishes guidelines and requirements for the safety of personnel performing field 

activities during this investigation. 
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2.0 
SITE BACKGROUND AND PHYSICAL SETTING 

2 .l SITE DIiSCRIPTION 

SAEP is an industrial facility which is mostly paved or covered by buildings. Surrounding 

land uses are mainly light industrial, commercial, a.nd residential. 

2.1.1 SITE LOCATION 

SAEP is located in Stratford, Connecticut, on the Stratford Point peninsula in the southeast 

comer of Fairfield County. The plant lies on the borders of the Bridgeport and Milford 

United States ('ieological Survey (USGS) Quadrangles (Figure 2- 1). Latitudinal and 

longitudinal coordinates of SAEP are approximately 41'10' North and 73'07' West. The 

property consists of about 126 acres including about 49 acres of riparian rights along the 

Housatonic River. Existing property features are shown in Figure 2-2. 

2.1.2 SITE OWNERSHIP AND OPERATIONS HISTORY 

The SAEP property was used for agriculture until 1929 when the first manufacturing facility 

was built on about 26 acres. The property has been used for development, manufacture, and 

assembly of aircraft or engines since 1929. The plant history has been categorized into the 

following periods: 

1929 to 1939: Sikorsky Aero Engineering Corporation developed and 

manufactured sea planes at the Stratford plant from 1929 to 1939. 

• 1939 to 1948: Chance Vought Aircraft located its operations at the Stratford 

plant in 1939, and the company became known as the Vought-Sikorsky 

Aircraft Division. Sikorsky developed the first helicopter, but left the plant 

in 1943 because of overcrowding. Chance Vought developed the "Corsair" 

for U.S. Navy, and mass produced Corsairs during World War 11. Chance 

Vought vacated the Stratford plant in 1948. 
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1948 to 195 1 : The Stratford plant was idle. 
w 

1951 to 1976: The U.S. Air Force procured the plant in 1951 and named it 
Air Force Plant No. 43. The Bridgeport Lycoming Division of the Avco 

Corporation was contracted by the Air Force to operate the plant. Avco 
developed and manufactured radial engines in the 1950s, and turbine engines 
in the 1960s and 1970s. 

1976 to Present: The plant was transferred from the U.S. Air Force to the 

Army in 1976; at that time the plant was renamed the Stratford Army Engine 
Plant (SAEP). Avco was contracted by the Army to develop the AGT-1500 
engine to power the Abrams tank. Avco also developed and manufactured 

marine and industrial engines. Avco merged with Textron in December 1985 
and subsequently renamed the division Textron Lycoming. AlliedSignal 

Aerospace purchased Textron Lycoming in 1994. Today, turbine engines for 
military and commercial aircraft, as well as land vehicles, conhue to be 
developed, manufactured, and tested at SAEP. Figure 2-2 shows the layout 

of the site, including building locations. 

2.1.3 Physical Setting 

The SAEP facility is located on the Stratford Point Peninsula, which is at the mouth of the 
Housatonic River and extends into Long Island Sound. The topography of the peninsula is 
relatively flat with a gentle slope towards the south. The ground elevations in the site area 
do not exceed 10 feet above mean sea level. A dike, approximately 10 feet high, was 

constructed along the edge of the Housatonic River at the eastern edge of the site for flood 
protection. 
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2.1.3.2 Surface Hydrology 

Several surface water bodies are located in the vicinity of SAEP: Long Island Sound, the 

Housatonic River, Frash Pond, Marine Basin and an associated drainage ditch, and scattered 

wetland areas (Figure 2-1). Each of these surface water bodies is described below. 

Long Island Sound is located less than a mile south of the site. Water level differences 

between high title and low tide are typically about 7 feet. Because of the numerous fresh 
water rivers that empty into the sound, the salinity of Long Island Sound water ranges from 

about 24 to 28 ' l o o  , which is less than the 35 to 37 ' l o o  salinity of oceanic water (Thomson, 

et al., 1978). 

The Housatonic River is the dominant drainage system in the area. The river is located east 

of the site, flowing southward into Long Island Sound. In the vicinity of the site, the river 

is an estuary, with low and high tides that range from about 0.0 feet to 7.0 feet above mean 

sea level (National Oceanic and Atmospheric Administration, 1991). The salinity of the 

(I . 
river decreases rapidly upstream, but in the area adjacent to SAEP the salinity ranges from 

about 17 to 22 ' l o o  (Connecticut Department of Environmental Protection, 1990). 

Fmsh Pond, located less than 200 feet northwest of SAEP, drains southward via a man-made 

ditch into the Great Meadows Marsh (southwest of Sikorsky Memorial Airport). Tidal gates 

were constructed in the ditch to keep the flow unidirectional into the marsh. The gates, 
however, are reportedly leaking considerable amounts of brackish water back into the pond 

during high tide (Stratford, Connecticut, 1982). Consequently, the pond is subject to 

substantial tidal activity and is, therefore, classified as brackish (transitional between fresh 

water and sea water). 

Marine Basin is an inland water body connected to the Housatonic River, and is located 

about 1,000 feet southeast of SAW. A drainage system extends from the north into the 

basin, and one drainage ditch abuts the southeastern edge of the site. This drainage ditch 

is Area 8 (Figure 2-2). Outfall 008 drains directly into this ditch. Marine Basin and the 

associated draina.ge ditch are subject to tidal activity. 
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qw 
scouring the unclerlying bedrock as they advanced. Striations on local bedrock exposures 

indicate ice advancement directions between S30"E and S1O"W (Flint, 1968). Unconformable 

deposits of till and stratified sandlgravel were deposited as the glaciers retreated. These 

deposits are of variable thickness. 

As the glaciers receded further, meltwater from the ice was locally impounded, creating a 

freshwater lake in what is today Long Island Sound. Glacial streams entering the lake left 
deltaic sand dqmsits along coastal Connecticut, including the site vicinity (Stone et al., 

1985). Locally, the deltaic sand and gravel deposits are referred to as the Stratford Outwash 

sediments (Flint, 1968). The southern part of the outwash, in which a portion of the site 

lies, consists of sand with less than 25% gravel, most of it pebble size (Flint, 1968). 

Currently, the glacial deposits are being dissected and locally affected by recent erosional 

and depositional processes. The Housatonic River has eroded much of the glacial sands from 

its channel while depositing recent alluvium and estuarine and tidal flat sediments. Locally 

the bedrock is also unconformably overlain by estuarine sediments. These gray silts, sands, 

qw clay, frne organic matter, bits of plants and broken shells comprise a mud with a maximum . 

thickness to 60 Ft (Flint, 1968). Area swamp deposits of muddy peat and peaty mud form 

crude wedge-shaped bodies that thicken seaward. These sediments are underlain by estuarine 

muds and glacial deposits in the seaward and landward directions, respectively (Flint, 1968). 

Beach sediments are also being locally deposited over the glacial sediments. 

A large part of the area, including a portion of SAEP, consists of artificial fill deposited over 

all younger deposits (i.e. swamp, estuarine sediments, glacial deposits). Artificial fill of the 

area is said to include "railroad, road, building construction fill and large accumulations of 

trash. "(Flint, 1968). Mapped artificial fill is typically at least 5 feet thick (Flint, 1968). 

2.1.3.4 Site Geology 

Based on the silbsurface data collected during W-C's, as well as previous investigations 

(ESE, 1991; Haley and Aldrich, 1987; Metcalf and Eddy, 1987; and Zecco, Inc., 1990), at 

least five or six distinct stratigraphic units can be identified at the site. These units, from 

shallow to deep, are artificial fill, peat and silt alluvium, estuarine silt, glacial deposits, and 
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Based on borings completed during this investigation, it is possible that a continuous deposit 

of silt stretches from PZ-7D to BR-1 at a depth of 1 to 9 f3 below sea level, a thickness 

ranging from 2 to 30 ft and an inshore range of approximately 200 to 400 ft. Further 

borings would be required to confirm the range and continuity of the silt. 

Glacial Sediments 

Glacial deposits are the dominant: sediments at the site. These deposits are reportedly up to 

150-ft thick. They consist of uniform sands, silty sand, sands with varying amounts of 

gravel and boulders, and varved silt. The glacial silt unit has been reported to occur only 

locally in the vicinity of B-65 (SiIaley and Aldrich, 1987). A distinct gravel unit is located 

in the vicinity of PZ-13D and WC-2D. 

The glacial sands are fme- to cowse-grained and range in color from gray and yellow to light 

brown. The glacial silt is distinguished from the estuarine silt by its lighter color and 
presence of thin laminations of sand or clay (varves). 

Bedrock 

A competent amphibole-mica schist bedrock was reported at locations LW-SD, LW-9D and 

LW-1OD at depths of 163 ft, 151.5 ft,  and 103 ft below grade, respectively (CA Rich 

Consultants, 1991). One foot of weathered bedrock (1 62 ft to 163 ft) was reported at LW-5. 

A nineteenth century report of massive serpentinite consisting of antigorite with accessory 

magnetite and carbonate was reported on the site of SAEP (Crowley, 1968). No 

contemporary confirmation of this report exists. 

If the locally N3S% trending trace of the MixviUe Fault (Flint, 1968) is extrapolated to the 

southwest (Rodgers, 1985), across the Housatonic River, it would pass directly under the 

site, There is not, however, a confiation of the existence of this fault southwest of its 

mapped terminus. 
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Surface Soil 

Area 2 (Causeway) was the only area where surface soil samples were collected. 

samples (SF-1 through SF-10) were collected at a depth of 0 to 6 inches below g~ 

surface. The majority of the causeway was covered with either asphalt, gravel, or < 
(primarily large pieces of concrete). Vegetation, consisting of various grasses and 

small trees and shrubs, also covered much of the causeway. 

The surface soil collected was comprised primarily of fine to coarse sands, with somc 

and some gravel. The causeway is a man-made structure and, therefore, the surfac~ 

located on the causeway is not indicative of surface soil in the site vicinity. 

Surface soil was observed (but not sampled) at two additional locations on the facility. 

locations for monitoring wells WC-14S, WC-9S, and piezometer PZ-9D are within ni 

grassed areas along Main Street and Sniffens Lane. The surface soil in these areas has 

likely been added or mixed during landscaping. The surface soil in these areas is als 

likely to be indicative of surface soil in the site vicinity. 

The remainder of the facility is covered with asphalt, concrete, or buildings. 

2.1.3.5 HYDROGEOLOGY 

The data obtained from the hydrogeologic study activities described in W-C's PI 
Remedial Investigation Report was used to characterize the groundwater regime at S 

The results summarized below include discussions of high and low tide conditions, max 

tidal fluctuations, and vertical gradients. 

Groundwater flow along the shore line in the deep zone (greater than about 40 ft) ( 

aquifer is generally from the north toward the south (i.e., inland) during high tide condi 

This phenomenon was observed typically within 500 ft of the shore. It does not appea 

Phuc I1 RI Wort Plan 

Stratford Army Engine Plant 

Stntford, Coanccticut 

1\UMllLL\dWlr00.~51 



he incoming tide significantly impacts groundwater levels further inland. Specifically, 

roundwater flow in the deep zone, near the southern end of the facility (i.e., near Main 
Street) is from the south toward the north during high tide conditions. These two flow 

regimes appear to converge near the central portion of the facility, where a relatively flat 

piezometric surface was observed regardless of the tidal conditions. 

Groundwater flow in the shallow zone of the aquifer is generally'from the south toward the 
north during high tide conditions. South of Sniffens Lane, groundwater flow is from the 

southwest toward the northeast. Groundwater flow in the shallow zone is fairly complex due 

to the presence of buried utilities, building foundations, and the dike. 

Low Tide 

Groundwater flow in the deep zone of the aquifer is generally from the south toward the 

north during low tide conditions. The groundwater surface is relatively flat throughout the 

majority of the facility. However, the groundwater surface steepens near the shore. 

Groundwater flow in the shallow zone of the aquifer is generally from the south toward the 

north during low tide conditions. The groundwater surface is relatively flat throughout the 

majority of the facility. However, the groundwater surface steepens near the shore. 

Groundwater level data from wells LW-10s and LW-3s were not included in the 
construction of the shallow groundwater elevation contour maps. There appears to be some ' 

local perching of the water table in this area due to the less permeable underlying peat layer. 

Tidal Fluctuations 

Groundwater levels in seven locations (WC-1 S , WC-5s , WC- 13S, PZ- ID, PZ-SD, PZ- 1 3D, 

and PZ-17D) were monitored continuously for up to 79 hours using Aquistar@ data loggers. 

Based on this data it was determined that the maximum change in head is directly related to 

the distance from the surface water body. The correlation is that the closer a well is to the 

shoreline, the greater the change in head and the further the well is from the shoreline, the 

Pbasc Il RI Work Plan 

Stratford Amy Engine P a  

Stratford, Co~ccticut 

r\C3Mll LL\d001100.w51 



smaller the change in head. Head changes up to 1.0 A were measured in the shallow w{ 

Maximum head change in the deep wells was 1.2 ft. 

At two well pairs (WC-1 SIPZ-ID and WC-SSIPZ-5D) which are adjacent to the shore: 

(70 and 30 feet, respectively) the deeper well (piezometer) had a greater change in heac 

compared to the shallower well of the pair. This indicates that the deeper well is exhibi 

semi-confined to confined conditions. This occurs because a semi-confined or confir 

aquifer will react faster and with a larger magnitude to a pressure change (tidal change) t' 

the shallow, unconfined aquifer. 

Vertical Gradients 

A downward gradient occurs when the head in the shallow well is higher than the hea 
the deep well. An upward gradient occurs when the head in the shallow well is lower t 

the head in the deep well. These two conditions were compared to determine the vert 

gradients near the wells during the six measurement rounds. i 
Two well pairs adjacent to the river (WC-4SlPZ-4D and WC-SSIPZ-5D) displayed upw; 

gradients both at low tide and high tide. The WC-4SlPZ-4D pair showed a stronger gradi 

at low tide, and the WC-SSIPZ-SD pair showed a stronger gradient during high tide. , 

upward gradient was measured in the well pair WC-ISIPZ-1D under high tide conditio 

The gradient was not consistent during low tide conditions. Three well pairs (WC-8SlF 

8D; WC-11SIPZ-1 ID; and WC-13SlPZ-13D) all have only very slight differences betwe 

the shallow and deep wells resulting in very slight vertical gradients that fluctuated betwe 

upward and downward. The WC-7SlPZ-7D well pair does not appear to have a clear patte 

of gradient direction. The tendency appears to be a potential downward gradient at low ti 

and potential upward gradient at high tide. Well pair WC-9SlPZ-9D has a very slig 

downward vertical gradient during all measurement periods except during low tide 

September 1, 1992. The lagoon well pair LW-9SlLW-91 has a downward vertical gradie 

during both high and low tide. This pair had one strong upward vertical gradient duri 

high tide B on November 16, 1992. The well pair LW-1OSILW-101 has a very stro 

downward vertical gradient. The peat appears to be impeding the downward flow 

groundwater and may be creating a perched water table condition. 
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Kvdraulic Conductivities 

As part of W-C's Phase I investigations slug tests were performed on 6 monitoring wells and 

10 piezometers. Of the 26 tests performed, 19 were classified as valid and were used to 

produce graphic test plots and analyzed. The Bouwer and Rice solution (1976) from the 

AqteSolP computer program was used for analysis of this data. 

The geometric mean hydraulic conductivity for the wells tested was calculated to be 

3.59 Wday (1.3 x cmlsec). Several wells (WC-IS, WC-9S, WC-1 IS, PZ-13D, and PZ- 

16D) reacted so quickly during the test that the hydraulic conductivities could not be 

determined. 

In general, hydraulic conductivities were approximately one order of magnitude faster in the 

shallow wells than in the deep wells. These results appear consistent with observations made 

during the borehole drilling in that coarser, more permeable materials were encountered at 

shallower depths. 

Salinitv Measurements 

As part of W-C's Phase I investigations salinity measurements of groundwater were obtained 

in the wells during the rounds of synoptic water level measurements. In general, salinity 

increases with depth (i.e., deeper wells had salinity values greater than the shallow and 
intermediate wells). The salinity values measured ranged from 0 to 5.0 ' l oo  in the shallow 

wells; 0 to 6.1 Oleo in the intermediate wells; and 5.0 to 24 Oleo in the deep wells. 

The highest salinity values in shallow and intermediate wells were measured in those wells 

which are either in Area 3 (adjacent to the intertidal flats) or the lagoon wells surrounding 

the drainage ditch. 

Intermediate wells (PZ-7D, PZ-9D, and PZ-17D) on the northwest side of the site had higher 

values than other intermediate wells. This indicates that brackish water occurs at a shallower 

depth at the northwest end of the site than at other locations. 
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All of the six deep wells are located in the southeast end of the site surrounding the dra! 

ditch. The existence of brackish water at depth in this area is consistent with the gd 
and hydrogeologic conditions in the site vicinity. The deep wells are not screened be1 

feet outside of the lagoonfdrainage ditch area. Therefore, a determination of the 

deep brackish water cannot be made for other areas of the site. I 
Salinity values in the wells did not change simcantly between low and high tide ma4 
which indicates that tidal fluctuations most likely do not affect salinity in the shallow or1 

aquifers. 

2.2 PREVIOUS ENVIRONMENTAL INVESTIGATIONS 

Several previous investigations at SAEP have involved sampling and chemical analy 

environmental media. In addition, analytical data collected in compliance with 

available. This section of the report briefly summarizes the results of 

investigations and other analytical work. 

2.2.1 National Pollution Discharge Elimiiation System Permit Monitoring 

Water samples collected at Outfalls 007 and 008 (see Figure 2-2) have been analyz 

compliance with the facility National Pollution Discharge Elimination System (NP 
permit. Water discharging from the Oil Abatement Treatment Plant (OATP) goes to 0 

007. Outfall 008 receives discharges from the Chemical Waste Treatment Plant (C 

The permitted average daily concentrations (ADC) of certain analytes were exceed 

different times between 1980 and 1984. For Outfall 007, phenols, total suspended so 

and oil and grease occasionally exceeded ADC limits of 0.1, 20, and 10 parts per 

(ppm), respectively. At Outfall 008, the following analytes occasionally exceeded 

indicated ADC limits: hexavalent chromium (0.1 ppm), total chromium (1.0 ppm), ni 
(1.0 ppm), cadmium (0.1 ppm), total suspended solids (10 ppm), and pH (maximu 

8.75). 
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The NPDES permit issued in 1985 added outfalls 001, 002, 003,004, 005, and 006, which 

discharge intermittent storm water. In addition, permit requirements included maximum 

daily and average monthly conce~~trations for various analytes. Textron followed the 1985 

NPDES permit conditions while the draft 1990 NPDES permit was reviewed by CDEP. 

During calendar year 1990, several permit violations were noted (WCC, 1991): average 

daily flow limitations were exceeded at both outfalls, maximum daily concentration 

limitations were exceeded for nickel and cyanide, and the limitation for total toxic organics 

was exceeded. 

The 1990 NPDES permit was approved July 10, 1991, and it added toxicity testing to the 

monitoring program. The first Aquatic Toxicity Monitoring Report (dated November 7, 

1991) documented toxicity and analytical results which were within permitted limits. 

2.2.2 Buildings B-10 and B-70 

Greenish-blue groundwater was observed during construction activities at the cyanide 
destruction facility (building'B-'70, mid-1980s) and the recuperator manufacturing building . 

(building B-10, late-1970s). A ciubsurface investigation was completed in 1986 to evaluate 

the soils in the area. East Coast Drilling, Inc. drilled ten test borings and collected soil 

samples for analysis by Environmental Monitoring Laboratory, Inc. Soil samples were 

collected above and below the water table, and were analyzed for the EP Toxicity metals. 

No metals were detected in five of the test borings. In the remaining borings, the following 
metals were detected in the indicated concentration ranges: total chromium (not detected 

(nd) to 0.64 ppm), hexavalent chromium (nd to 0.42 ppm), copper (nd to 0.34 ppm), and 
nickel (nd to 0.48 ppm). The n~axirnum concentrations for total and hexavalent chromium 

were found at 18 to 20 feet below land surface. The highest concentrations of copper and 

nickel were found at a depth of 8 to 10 feet below land surface. All of the detectable metals 

occurred at or below the ground water table. Two of these borings were converted to 

monitoring wells (ECD-1 and ECD-4 on Figure 2-2). These wells were sampled, but results 

were not available at the time of the preparation of this report. 
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2.2.3 Discharge Toxicity Evaluation 

IPC Corporation performed a discharge toxicity evaluation of Outfalls 007 and 008 in 19 
The complete evaluation involved acute toxicity tests towards freshwater and m a  

organisms, chemical analysis of the effluents, and a dye dispersion study. Effluent saml 
were collected on three dates. 

PC's report states that the following analytes were detected in effluent samples from Out 

007: copper (nd to 0.09 pprn), zinc (0.18 to 0.27 pprn), oil and grease (2 to 5 ppl 

phenols (nd to 0.08 pprn), ammonia (nd to 1.17 pprn), and l , l ,  l-trichloroethane (0.058 

2.4 pprn). Toxicity testing was conducted with 100% effluent, using Daphnia ~u lex  and 

fathead minnow as the test organisms @. is a type of crustacean commonly refer 

to as "water flea"). One of the three samples, the sample with the maximum obsen 
concentration of 1,1,1 -trichloroethane, showed toxicity to B. u,. No effects w 

observed in the test using the fathead minnow. 

The following analytes were reported by IPC to be present in effluent samples from Out 

008: ammonia (nd to 1.7 pprn), total chromium (nd to 0.40 pprn), hexavalent chromium 

to 0.05 pprn), copper (0.12 to 2.14 pprn), nickel (nd to 0.13 pprn), zinc (nd to 0.01 ppi 

chloroform (0.007 ppm) and 1 , 1 , 1 -trichloroethane (0.019 ppm) . Toxicity was evalua 

using mysid shrimp and the sheepshead minnow. Some degree of toxicity was observed 

both of the organisms. The IPC report suggested that the toxic effects may have b 

associated with copper concentrations in the effluent. Since the time of the IPC Corporal 

report, toxicity testing has been added to Textron's NPDES permit monitoring requireme1 

The frrst Aquatic Toxicity Monitoring Report (dated November, 1991) documented toxic 

and analytical results which were within permitted limits. 
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2.2.4 Tank Farm Near Building B-34 

Soil and groundwater conditions in the area near the tank farm at building B-34 (Figure 2-2) 
were evaluated in a subsurface investigation by Zecco, Inc. (1990). Seven test brings were 

drilled and soil samples were collected at 5-foot intervals. One soil sample from each boring 
was composited from all the depths sampled, and was analyzed for total petroleum 
hydrocarbons (TPH). Four of the brings were converted to mo&toring wells, which were 
sampled and analyzed for volatile organic compounds and TPH. 

Analytical results for the composite soil samples show that six of the seven borings contain 
measurable levels of TPH, ranging from 43 to 5500 ppm. The highest concentrations were 
in the borings adjacent to B-16 (hm-2 and MW-3 on Figure 2-2). Groundwater from MW- 
1 contained no detectable TPH or volatile organic compounds. The remaining three wells 
contained the indicated ranges of' the following analytes: TPH (2.9 to 15.0 ppm), benzene 
(0.017 to 0.620 ppm), ethylbenzene (0.017 to 0.077 ppm), and xylenes (0.009 to 0.086 
ppm). The overall highest concc:ntrations of these analytes were in MW-2. 

2.2.5 Groundwater Assessmerit Monitoring Program 

Prior to 1989, four lagoons (one equalization lagoon and three sludge storage lagoons) 
existed on site (Figure 2-5) and were regulated under the Resource Conservation and 

Recovery Act (RCRA). Spent plating baths were discharged to the equalization lagoon. 
Wastewater from this lagoon was pumped to a chemical waste treatment plant, converted to 
a metal hydroxide sludge. Ths sludge was then pumped to the sludge storage lagoons. 
Groundwater monitoring wells were installed and sampled beginning in 1981, although 
changes in the requested analytical parameters resulted in the consideration of the 1983-1984 
data as the "first year" of record (Metcalf and Eddy, Inc., 1987). The lagoons were closed 
in 1989, but the monitoring program continued as required under RCRA closure. 
Environmental Science and Engineering, Inc. (ESE) completed the most recent monitoring 

report, the "seventh year" annual summary for 1990. This section summarizes the 

conclusions of the two groundwater assessment monitoring reports: Metcalf and Eddy, Inc, 
1987, and ESE 1991. 
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Metcalf and Eddy, Inc. (1987) reported that five monitoring wells were installed in 1 
two were installed in 1983, and six were installed in 1985, for a total of thirteen monitc 

wells in the lagoon area. The Connecticut Department of Environmental Protection (C1 

specified the following analytical parameters for the monitoring program: cadm 

hexavalent chromium, total chromium, copper, mercury, nickel, zinc, amenable cya 

total cyanide, pH, halogenated volatile organics, aromatic volatile organics, spt 

conductivity, total organic carbon, and total organic halogens. The "fust year" re 
(1983-1984) indicated that Connecticut Public Drinking Water Code (CPDWC) stanc 

were exceeded in samples from wells LW-1 through LW-5 for total chromium, hexav 

chromium, total cyanide, trichloroethylene, and tetrachloroethylene. In "second 1 

samples (1984-1985), the CPDWC standards at these five wells were exceeded for 
chromium and total cyanide. Metcalf and Eddy, Inc. installed six additional monitl 

wells in 1985. The "third year" analytical results (1985-1986) showed that CPI 
standards were exceeded for total chromium, hexavalent chromium, total cya 

trichloroethylene, and tetrachloroethylene at wells LW-1, LW-2, LW-3, and LW-5. 

Lagoon closure was completed in 1989, and ESE (1991) presented results for the "se\ 

year" of monitoring (1989-1990). In 1990, an upgradient well (LW-10 on Figure 

contained cadmium in exceedance of CPDWC standards. The following analytes were a 

CPDWC standards in at least one of several wells (LW-1 through LW-5, LW-7, L 
through LW-10, and LW-12) in 1990, and have varied over the indicated concentrations 

the entire period of record: cadmium (4-70 ppb), vinyl chloride, 1, l-dichloroethene, 

trans-dichloroethene (2-6500 ppb), and trichloroethene (2- 150 ppb). (Concentration ra 
for vinyl chloride and 1, l-dichloroethene were not reported.) ESE's statistical analys 

the data indicated that the following analytes showed a statistically significant increase i 
downgradient wells (LW-1 through LW-5, and LW-13) as compared to the upgradient 

(LW-10): 1,2 trans-dichloroethene, tetrachloroethene, trichloroethene, total organic ca 
(TOC), specific conductance, and pH. Note that these results assume that the sour( 

contamination was the closed lagoons. No further conclusions regarding alternative sol 

of contamination were made in either of the assessment monitoring reports. 
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2.2.6 Supplementary Hydrogeologic Investigation 

CA Rich Consultants, Inc. (CA Rich), of Sea Cliff, NY, has been performing an ongoing 

hydrogeologic investigation of the: lagoon wells in the southern portion of the facility. The 

latest report discussing this inves1.igation is the Supplementary Hydrogeologic Investigation 

Report TextronILycoming, Stratford, Connecticut, December 1991. Information presented 

in this report is only for the wells located in Areas 7 and 8 and the South Parking Lot and 

cannot be extrapolated for the remainder of the site. 

The CA Rich investigation was designed to determine hydrogeologic conditions based on the 

following objectives: 

determine whether there is a vertical contamination pathway across the peat 

layer; 

determine whether the organic peat layer is continuous using Ground 

Penetrating Radar (and electrical resistivity profiling methods; 

determine the exte:nt and magnitude of tidal influences on the upper glacial 

aquifer; 

determine the direction of shallow and deep groundwater flow and the 
horizontal and vertical gradients within each aquifer; 

determine the mean hydraulic conductivity of the upper and lower glacial 

aquifers; and 

calculate the average linear velocity of horizontal groundwater flow, and 

calculate the volurr~e of seepage through the organic peat layer. 

The results of this investigation are summarized below. 

hr. n RI w o n   PI.^ 

Stntford Amy Engine P h t  

Suatford, Ccmccdcut 

g\C3Ml lLL\d001100.w51 



High levels of VOs were detected principally in the upper aquifer, above the peat la 

Below the peat layer, the highest concentrations occur in the vicinity of LW-4 and LW- 

and LW-1OD. The presence of VOs in the lower aquifer at LW-1OD (with lc 
concentrations in the shallow (LW-10s) and intermediate (LW-101) wells of the s 
cluster), suggested a possible secondary upgradient (from north-northwest) soum 

contamination which may not be associated with the RCRA lagoons. Thisdata indicated 

most of the VO contamination was located above the peat layer, but there were also elev 

concentrations of VOs below the peat layer. 

Due to interference caused by the salinity of the shallow groundwater, neither geophy: 

method used generated adequate results. The thickness and extent of the peat layer 

estimated by determining vegetation changes from aerial photographs and using geol 

boring information. The areal extent was estimated to be 10.5 acres with a maxir 
thickness of 15 ft. 

The tidal influence was found to within 600 feet of the drainage ditch or Marine Basi 

both the shallow and deep aquifers. Tidal changes in the ditch were not sufficie~ 

overcome the natural hydraulic gradient in the adjacent upper aquifer, except during sl 

tides. Therefore, tidal influences did not affect the overall direction and rate of groundv 
flow in the immediate area of the ditch. 

The predominant direction of the shallow groundwater flow was toward the south. Flo 

the vicinity of former Lagoons 2, 3, and 4 (adjacent to wells LW-1, LW-2, and LW-: 

the shallow aquifer was locally radial (toward the southeast, south and west). This an 
local radial flow generally coincides with the approximate extent of the peat layer. 

radial flow was considered, by CA Rich, to be a perched groundwater mound. 

geometric mean horizontal hydraulic gradient for the shallow aquifer was calculated t~ 

0.0046 Wft. 

The direction of groundwater flow in the aquifer beneath the organic peat layer (I( 
aquifer) was reported to be toward south-southeast. The horizontal hydraulic gradient i~ 
lower aquifer was calculated to be 0.00019 Wft. 
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[n all cases the direction of vertical gradient through the organic peat layer was downward, 
From the upper aquifer down into the lower aquifer. 

Slug test data was used to determine the hydraulic conductivity of all the lagoon wells. The 
' 

slug test results on select wells indicated that the hydraulic conductivity of the upper aquifer 
ranged from 1.2 ftlday to 79.6 Wtkiy. The mean hydraulic conductivity of the upper aquifer 
was calculated to be 15.6 ftlday. The slug test data from selected wells in the lower aquifer 
indicated that the hydmulic conductivity of the lower aquifer ranged from 0.43 ft/day up to 
13.03 ftlday. The geometric mean hydraulic conductivity of the lower aquifer was calculated 
to be 2.92 ft/day. The mean horizontal hydraulic conductivity of the peat was determined 
to be 3.1 ftlday. 

The horizontal rate of groundwater flow through the upper and lower aquifers wss 0.25 and 
0.002 Wday, respectively. The rate of vertical flow between aquifers through the peat layer 
was approximately 0.096 fi/day. Consequently, the average rate of horizontal flow through 
the upper aquifer was approximal.ely 2.6 times the rate of vertical flow through the peat, and 
125 times the rate of deeper horizontal flow through the lower aquifer. The volume of . 

seepage between the two aquifers, across the peat, was estimated by CA Rich to be 17,7i0 
Wday (0.0125 million gallons per day per acre). 

2.2.7 Preliminary Assessment Screening 

A Preliminary Assessment Screening (PAS) was conducted by W-C in 1991 (W-C, 
December 1991) to determine the potential for, or existence of, environmental contamination 
and the need for additional investigations. The PAS included a review of SAEP records, 
interviews with SAW personnel, review of previous investigations, visual reconnaissance 
of the facility and surrounding area, and collection of information from other sources. . 

The PAS investigation identified the following eight areas of potential environmental concern 

at SAEP: 

Area 1 - Intertidal Flats 

Area 2 - Causeway 
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Area 3 - Hydraulic Fill Area 

Area 4 - Plating and Manufacturing 

Area 5 - Building 2 
Area 6 - Research and Development 

Area 7 - Testing Area 
Area 8 - Drainage Ditch 

These eight areas are presented on Figure 2-2 with facility buildings. A conceptual m a 
was developed for each of the eight areas based on information available at that time / 
PAS was done. These models were developed to identify the types of information which 4 
be needed to conduct a baseline risk assessment. 1 
The conceptual models for the eight areas of environmental concern are summarized be1 
Background information used to develop the models was included in the PAS. 

2.2.7.1 Conceptual Model - Area 1 - Intertidal Flats 

The Intertidal Flats is an area that may have received hazardous compounds from p; 

discharges and/or runoff from SAEP, as well as from upstream areas of the Housato 

River. Contaminants which may have been deposited in this area include heavy me 

cyanide, polychlorinated biphenyls (PCBs), semi-volatile organic compounds (semi-VOs) a( 
volatile organic compounds (VOs) . I 
The primary potential pathways from the intertidal sediments to human and/or biota recepta( 

are: a) when the flats are exposed during low tides there is a possibility that volatiles ( 
present) could be released to the atmosphere; and, b) dermal contact with the sediment 4 
humans and biota is possible. Another potential pathway is the ingestion of sediment 

surface water by biota and the subsequent consumption of contaminated organisms. 

potential pathways include direct contact with effluent air emissions from SAEPs 

to the flats. 
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2.2.7.2 Conceptual Model - Area 2 - Causeway 

I'he causeway was used for a fire training area and a landfill area. Contaminants of concern 

include asbestos and polynuclear aromatic hydrocarbons. Contaminated media would be 

limited to soils within the causeway. Potential pathways include contamination of surface 

water due to runoff and air releases of asbestos fibers and/or contaminated dust particles. 

Exposure routes to humans and biota would include ingestion, inhalation and dermal contact. 

Biota receptors would be limited to terrestrial animals and birds. 

2.2.7.3 Conceptual Model - Area 3 - Hydraulic Fill Area 

The hydraulic fill area has been u.sed to store, treat, and dispose of materials used at SAEP 
including metals, fuels, oils and solvents. Contaminants of concern include heavy metals, 

PCBs, semi-VOs and VOs. ,Contaminated media would include soil and groundwater. 

Because most of this area is paved or covered by buildings, potential pathways to human 

andlor biota receptors are limited. Groundwater may become a pathway if contaminants 

migrated into the groundwater which then discharged to sediments and surface water in the 

intertidal flats. 

Potential human receptors woulti be limited to those involved in intrusive activities (eg. 

construction) in contaminated soil areas. Potential exposure routes would include inhalation, 
ingestion, and dermal contact. 130tential biota receptors and exposure pathways associated 

with groundwater discharges would be the same as those described for Area 1 - Intertidal 

Flats. 

2.2.7.4 Conceptual Modd - Area 4 - Plating and Manufacturing Area 

Area 4 has been used for plating, engine cleaning and manufacturing, and for storage of 

fuels, solvents and paints. Past disposal andlor uncontrolled releases are known to have 

contaminated soils and groundwater within this area. contaminants of concern include heavy 

metals, cyanide, semi-VOs and VOs. 
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Because most of this area is paved or covered by buildings, potential pathways to huma 

and/or biota receptors are limited. Exposure pathways and potential receptors for Area 
are the same as those described for Area 3. 

2.2.7.5 Conceptual Model - Area 5 - Building 2 

This area includes most of B-2 (excluding the plating and heat treatment shops) which k 
been used for assembling aircraft and is presently used for manufacturing gas turbi 
engines. Past disposal practices andlor uncontrolled releases may have resulted in soil a 
groundwater contamination. Contaminants of concern include heavy metals, semi-VOs a 

vos.  

Because most of this area is paved or covered by buildings, potential pathways to huma 
andlor biota receptors are limited. Exposure pathways and potential receptors for Area 

are the same as those described for Area 3. 

2.2.7.6 Conceptual Model - Area 6 - Research and Development Area 

This area has been used for research and development for over 50 years. Metals, fuels, a 
and solvents have been handled in the area. Contaminants of concern include heavy meta 

semi-VOs, and VOs. 

Because most of this area is paved or covered by buildings, potential pathways to hum 

andlor biota receptors are limited. Exposure pathways and potential receptors for Arez 

are the same as those described for Area 3. 

2.2.7.7 Conceptual Model - Area 7 - Testing Area 

This area contains the steam generating plant and has been used for experimental engi 

testing and for the storage of fuels. During excavation for lagoon closures, petroleu 

contaminated soils were reportedly observed within the southern portion of this an 
Contaminants of concern include heavy metals, semi-VOs, and VOs. 
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Because most of this area is paved or covered by buildings, potential pathways to human 

and/or biota receptors are limited. Exposure pathways and potential receptors for Area 7 
are the same as those described for Area 3. 

2.2.7.8 Conceptual Model - Area 8 - Drainage Ditch 

This area includes a drainage ditch that originates at SAEP and flows into Marine Basin. 

No hazardous materials are handled or generated within this area, but it represents a potential 

depositional area for contamirration from stormwater runoff and effluent from SAEP. 

Effluent from the CWTP discharges to the ditch under the facility NPDES permit. This 

discharge has occurred since 1958. Contaminants of concern would primarily include 

compounds in the CWTP waste stream and, to a lesser extent, chemicals that would be 

associated with site runoff. These chemicals include heavy metals, cyanide, PCBs, semi- 

VOs, and VOs. 

Potential exposure pathways are direzt contact with effluent, air emissions from effluent 

and/or contaminated sediment (during low tide) and surface water, and direct contact with 

contaminated sediment and surface water. Potential human receptors include people who 

may come in contact with effluent, sediment, or surface water in the drainage ditch. 

Potential biota receptors include organisms that live and/or feed within the ditch and 

associated riparian areas. 

In summary, it was determined that additional data were needed to determine if complete 

exposure pathways for site-specific contaminants exist. The PAS recommended additional 

sampling for all eight areas of potential environmental concern. 

2.2.8 Phase I Remedial Investigation 

In July 1991, the USACE issued a Scope of Work for Work Plan for Remedial Investigation 

based on the PAS. W-C prepared a Remedial Investigation (RJJ Work Plan, dated January 

31, 1992, based on the Scope of Work issued by the US ACE in July 1991, and implemented 

the work plan in 1992. The results of this work were presented in a report dated June 1993. 
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Phase I Remedial Investigation activities included the collection and analysis of physical 

chemical data at SAEP. Results of the physical characterization (i.e., site geol 

hydrogeology, etc.) of the site based on Phase I data are summarized in Section 2. 
Results of the chemical characterization of the site based on Phase I data are summ 

below. Because no regulatory guidance has been provided regarding this site, and for 

media standards do not exist, conclusions and recommendations described below ate b 

on professional judgement. 1 
2.2.8.1 Phase I Soil Results 

Volatile Organics in Soil 

The highest levels of VOs were detected in the vicinity of buildings B-13 
B-15. The highest levels were below 10,000 pglkg (10 mglkg). At 

levels these compounds are probably not of concern in terms of pote 

human contact or contact with groundwater. 

The types of volatile compounds detected are consistent with past and pre 

site activities. 

Base Neutrals in Soil 

With minor exceptions, BNs were generally detected in total 

of less than 15,000 pglkg (15 mglkg). At such levels these 

probably not of concern in terms of potential human contact or contact 

groundwater. 

The PAH BNs detected are consistent with past and present site activitic 

The ubiquitous presence of phthalates is not consistent with site activities. 
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Acid Extractables in Soil 

The highest concentration of acid extractable compounds was about 
6,000 ~ g l k g  (6 mglkg); most were below 100 pglkg. At such levels these 

compounds are pn~bably not of concern in terms of potential human contact 

or contact with groundwater. 

The source of AE compounds in SAEP soils is not known. 

PCBs in Soil 

The levels of PCBs detected in SAEP soils are acceptable for industrial 

property site use. 

The source of PC:Bs in the northwest end of Area 3 is not known. 

Cyanide in Soil 

Cyanide was not detected and is therefore not an issue for SAEP soils. 

Metals in Soil 

Slightly elevated total metal concentrations in SAEP soils may not be of 

concern in tenns of risk based on companion TCLP results. Lead 
concentrations in the area of buildings B-13 and B-15 will probably become 
an issue if this soil was to be excavated and disposed. 

Metals detected in SAEP soil appear to be consistent with past and present 

site activities with the possible exception of antimony. 
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Phase I Groundwater Results 

Volatile Organics in Groundwater 

Shallow groundwater appears to have been impacted by releases of solv 

and/or waste solvents, primarily chlorinated hydrocarbons. 

The highest concentrations of chlorinated compounds are in areas adjacen 

solvent storage tanks andlor degreaser areas indicating these areas are or wc 

possible sources of shallow groundwater contamination. 

The difference in the contaminants detected in deep wells WC-2D and PZ-1 
suggests different sources of contamination. The very low ground w 
gradients make it impossible to conclusively state that there is an 

source of the deep contamination in PZ-9D. 

WC-2D may be more contaminated than the adjacent shallow well becau 1 
- the shallow water bearing zone is subject to "flushing" by tidal 

thus removing the residual sources; andlor 
- there may be an unidentified upgmdient source from w 

constituents have migrated downward into the deeper zone. 

There is, in most wells, a decrease in contaminant concentration frc 
Round 1 to Round 2. This could be a function of a higher groundwater lei 

accessing the residual source in the soil to a larger extent in Round 1. 

There is also evidence that there has been a release(s) of gasoline or kerose 

(jet fuel). This is evidenced by the presence of BTEX compounds at 

number of locations. 
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Base NeutraVAcid Extractables irr Groundwater 

* BNIAE compounds have not significantly impacted groundwater quality in the 

shallow aquifer. 

PCBsICyanide in Groundwater 

Neither PCBs nor Cyanide have impacted groundwater quality in the shallow 

aquifer. 

Metals in Groundwater 

There is no pattern to the distribution of wells that have exceedances of one 

or more meas. Exceedances are randomly distributed across the site with 

the majority and highest exceedances occurring in wells in Area 3 adjacent to 

the tidal flats, and in Area 4 wells. 

The metals most frequently found in the groundwater are consistent with site 

activities (plating, manufacturing, etc.). 

The metals found in groundwater were consistent with those found in the soil 

(with the exception of antimony which was not found in exceedance of the 
Safe Drinking Water Act Maximum Contaminant Levels (MCLs) in 

groundwater). 

Phase I Sediment Results 

Volatile Organics in Sediment 

Volatile organic compounds have not significantly impacted sediment at the 

locations sampled except at the tidal flat outfall location 02 near the tank 
farm. Sediment at this location appears to have been impacted by release(s) 

of gasoline or kerosene (jet fuel) as evidenced by the presence of BTEX 
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compounds. This location is also near the shallow monitoring wells where I 
highest concentrations of VOs were detected in groundwater. I 

BaseINeutrals in Sediment 

Elevated levels of PAHs were detected in the sediment samples from most! 

the tidal flat outfall locations, from the three tidal flat locations and from 1 
two Area 8 tidal drainage ditch locations. No PAHs were detected in I 
intertidal background samples. Sediment at these locations appear to h( 

been impacted by a petroleum product related release(s). The vertical exti 

of PAH contamination was not defmed at most sample locations evidenced 1 
the fact that PAHs were detected in the deep (12 to 24 inches) as well as 

shallow (0 to 12 inches) samples with some locations having higher deep P 

concentrations than the shallow samples. 

Phthalates were detected in both the on-site samples as well as in the 

background samples, and, therefore, may not be attributable to 

The sediment at the locations sampled has not been significantly impacted 

halogenated hydrocarbons. 

Elevated levels of miscellaneous BNs were detected in the Area 8 ti 
drainage ditch sediment samples. 1 

Acid Extractables in Sediment 

The sediment at the locations sampled has not been signif~cantly impacted 1 

acid extractable compounds. 
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PCBs in Sediment 

PCBs were detected at more than half the sample locations with the shallow 

and deep samples from the tidal flat outfall location 02 having simcantly 

higher (greater than an order of magnitude) concentrations than the other 

locations. The fact that no PCBs were detected in the intertidal background 

sample suggests that their occurrence may be related to past or present SAEP 
activities. 

Cyanide in Sediment 

Elevated levels of cyanide were detected in samples from the two Area 8 tidal 

drainage ditch locations as well as from the tidal flat outfall locations 04 and 

05. 

Metals in Sediment 

Elevated levels of metals, relative to the intertidal background samples, were 

detected in most of the sediment samples from the site, with the 

concentrations of some metals being one to two orders of magnitude more 

than the intertidal background samples. The metals detected in elevated 

concentrations are consistent with past and present site activities. 

2.2.8.4 Phase I Surface Water Results 

Volatile Organics in Surface Water 

The low concentrations of halogenated aliphatics detected in surface water 

samples from the intertidal outfall locations 04 and 07 as well as from the two 

Area 8 tidal drainage ditch locations are probably associated with the effluent 

from outfalls 07 and 08. These outfalls were continuously discharging at the 

time of the sampling. These low concentrations may have little impact on the 

marine aquatic life in the adjacent waters because the effluent is diluted 
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relatively quickly evidenced by the fact that these analytes were either 

detected, or detected at very low concentrations, at the tidal flat san 

locations. 

The concentrations of the ketone 2-propanone in samples from the h 
tidal drainage ditch are probably associated with the effluent from Outfall 

which was continuously discharging at the time the samples were collect 

Monocyclic aromatic hydrocarbons have not impacted surface water qu: 

in the vicinity of the SAEP. 

BaseINeutrals in Surface Water 

PAHs were only detected at very low concentrations at two sample locat 

and have not impacted surface water quality. 

Acid Extractables in Surface Water 

Acid extractables were only detected at very low concentrations at two sar: 
locations and have not affected surface water quality. 

Cyanide in Surface Water 

Cyanide was only detected in the sample from the tidal flat outfall locatio~ 

at a concentration which exceeds the EPA acute and chronic criteria fox 

protection of marine aquatic life. Even though the concentration of cya 

exceeds the criteria it may not impact marine aquatic life based the fact 

USEPA developed the criteria on an acid soluble concentration basis and 

criteria may be overly protective. 
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Metals in Surface Water 

Elevated levels of some metals, relative to the intertidal background samples, 
were detected in nlore than half of the surface water samples from the tidal 

flat outfall locations and Area 8 tidal drainage ditch location 08-BG. The 
concentrations of some metals were an order of magnitude more than the 

intertidal background sample. The relatively high concentrations of some 
metals at these locations are probably associated with manufacturing processes 
at SAEP. The e1e:vated concentrations of these metals appear to be diluted 
relatively quickly because the concentrations of these metals detected in the 
three tidal flat sanlples located a few hundred feet away were considerably 
lower than those detected in the tidal flat outfall location samples. Even 
though there were some exceedances of the USEPA acute and chronic criteria 
for copper, lead, mercury and zinc at some sample locations, marine aquatic 
life may not be impacted on the basis that the USEPA developed the criteria 
on an acid soluble concentration basis &d the criteria may be overly 
protective. 

Recommendations 

Based on the findings summarized above, the following recommendations were made in the 
Phase I Remedial Investigation Report. 

Soil Recommendations 

Assuming that the site continues to be used for industrial purposes, concentrations of 
organics detected in unsaturated soils (i.e., above the groundwater table) in the areas 
investigated do not warrant further investigation or remediation. If soils in the area of B-13 

and B-15 (Area 3) are exhumed, they should be further analyzed so that they can be disposed 

in accordance with appropriate regulations. This recommendation is based on the level of 
leachable lead in a sample from that area. Given that the soil is beneath a paved area and 

the lead exceedance occurred in only one sample, remediation is not recommended. 

Phrsc I1 RI Work Plur 

Stratford Army Engine Plant 

Stntford, Gmnccticut 

s\C3MllLL\d001r00.~51 



Groundwater Recommendations 

Contamination of groundwater beneath the site has the potential to adversely affect 

environment in two ways: it could degrade the groundwater quality rendering it unu 

as a drinking water source; or it could degrade the quality of the surface water and s 

to which the groundwater discharges. Based on the Connecticut ~ lass~cat ion  of groundw 
in this area, water beneath the site will not be used as a drinking water source. 

the only potential adverse affect of contamination in groundwater beneath the site is 

degradation of sediment and surface water quality. 

A comparison of constituents which may be of concern in groundwater, sediment and surl 

water suggests that the metals detected in sediments may be related to groundw 

discharges. Additional investigations (transport pathway analysis and/or modelling) wc 
be required to determine whether metals in sediments were accumulated during histor 

outfall discharges, or are continually being deposited by current groundwater dischari 
Based on these results, a determination could be made regarding the need for groundw, 

treatment. 

In addition to the investigation described above, one anomalous finding warrants 

investigation. Elevated (greater than 10,000 ugll) levels of halogenated aliphatics 

detected in the fust-round samples from piezometer PZ-9D. The source and extent 

contamination in unknown. Further assessment of this contamination should be perfo 

by sampling other deep piezometers in the area downgradient of PZ-9D. 

Sediment Recommendations 

Additional sediment sampling is recommended to determine if PAHs and PCBs detectec 

sediment samples are adversely affecting the environment. Analyses should include chem 

analyses and toxicity testing, and tests required to normalize the data such as total orgi 

carbon and grain size analysis. The goal of additional investigations should be to fun 
define the extent of contamination and determine its impact on the environment (i 
determine whether remediation is necessary). 
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Surface Water Recommendations 

Concentrations of constituents detected in surface water samples suggest that this medium 
has not been significantly impacted by the site. No further actions or investigations are 
recommended for surface water-. 
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3.0 
WORK PLAN RATIONALE 

3.1 FEDERAL, STATE, AND LOCAL ENVIRONMENTAL CRITERIA AND 
PERMITS 

Federal, state, and local laws and statutes were reviewed for two purposes: 1) to determine 

if permits are required for the remedial investigation activities, and 2) to evaluate the 
environmental criteria against which analytical results will be compared. The review 

included documented telephone conversatiohs with Connecticut Department of Environmental 

Protection (CDEP) employees and Town of Stratford employees. These conversations 

confirmed the contents of existing laws and statutes, and further clarified non-statutory policy 

pertaining to environmental criteria. 

Permits are not required for three site investigation activities: 1) borings (based on a 

telephone conversation with Tony Bobowicz, CDEP, August 19, 1994); 2) monitoring well 

installation (based on same telephone conversation); and 3) sediment sampling in the 

intertidal flat area (based on a telephone conversation with Jeff Sharnas, Stratford 

Conservation Officer, August 19, 1994). Because other investigation activities (sampling and 

testing) will take place within the property boundaries of SAEP, they will not require a 

permit. Collection of shellfish from the intertidal flats and Housatonic River will require a 
collection permit from the CDEI?, Department of Agriculture, Aquaculture division. 

Connecticut water quality stantlards and drinking water regulations were reviewed to 

determine if state environmental criteria are directly applicable to this investigation. 

Connecticut has promulgated a water quality classification system for ground water and 

surface waters. Groundwater beneath SAEP is classified as GB (phone conversation with 

CDEP and CDEP map of water quality classification): groundwater within highly urbanized 

areas or areas of intense industrial activity and where a public water supply is available; this 

water may not be suitable for human consumption. Based on this classification it may 

become necessary, though unlikely, to compare groundwater analytical results to Connecticut 

Health Department Drinking Witter Standards. 
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As reported in the PAS, the coastal and marine surface waters in the vicinity of the 

are classified as SCISB (Long Island Sound, Housatonic River, Marine Basin and 

drainage ditch). The SCISB classification signifies that surface water quality is 

and that a goal of SB classification (wildlife habitat, suitable for recreation and indust 

uses) exists. Frash Pond is unclassified and therefore defaults to an SA classificat 

(wildlife habitat, suitable for shellfish harvesting and recreation). EPA water quality crit 

for acute and chronic effects on freshwater and saltwater aquatic life were published pursu 
to the Clean Water Act, and CDEP refers to these criteria. These criteria are guidelines 

are not enforceable (phone conversation with T. Bobowicz, CDEP, 17 October 1991). 

There are no regulatory criteria for contaminated soils in Connecticut, and CDEP perso nl 
have stated that criteria are developed on a "case-by-case" basis. However, CDEP 

developed guidelines for the removal and disposal of soils contaminated with metals 4 
cyanide which are related to the groundwater classification system. For metals in areas I 
a groundwater classification GB, soils are to be tested with the Toxicity characterid 

Leaching Procedure (TCLP). The soil guidelines for metals and cyanide are 
criteria from CPDWC (Table 3-1). For hydrocarbons and cyanide, soils are 

using the appropriate EPA SW-846 analytical method. Again, these are guidelines, 

criteria for remedial activities are determined on a case-by-case basis by CDEP. 

There are presently no promulgated federal or state regulatory clean-up criteria 

contaminated sediments. However, the CDEP considers three levels of contamination w 

reviewing Long Island Sound dredged material disposal permits; low, medium, amd hi 

These levels come from the New England River Basin Commission's "Interim Plan for 

Disposal of Dredged Material from Long Island Sound" (June 20, 1980), and are only list 

for nine metals (phone conversation with George Whisker, CDEP July 7, 1994). The t 

levels of contamination for the selected metals are given in Table 3-2. 

3.2 DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are established to ensure that the data collected are suffici 

and of adequate quality for their intended uses. For SAEP, the data from the 

investigation sampling described herein will be used to determine the extent of 
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TABLE 3-1 

REGULATORY GUIDELINES FOR SOIL 
STATE OF CONNECTICUT 

All concentrations in parts per million (ppm) 

CTDEP determines cleanup levels for soil on a caseby-case basis. These guidelines are based on a groundwater 
classification of GB. The concentration ranges for each category above (noncontaminated, contaminated, and 
hazardous soil) are general guidelines only. Soils are to be tested using the Toxicity Characteristic Leaching 
Procedure (TCLP). 

Analyte 

Arsenic 

Barium 

Cadmium 

Chromium 

Cyanide 

Lead 

Mercury 

Selenium 

SiIver 

Total Petroleum 
Hydrocarbons 

In areas with groundwater classification GB, soils with TF'H greater than background must be excavated. If TPH 
is greater than 50 ppm, the soil is considered to be hazardous waste. Representative background samples must be 
approved by CTDEP. 

Connecticut 
Drinking Water 

Criteria 

0.05 

1 

0.01 

0.05 

0.2 

0.02 

0.002 

0.01 

0.05 

Results 

Hazardous 
(Concentration > 

thirty times drinking 
water criteria) 

> 1.5 

> 30.0 

> 0.3 

> 1.5 

> 6 

> 0.6 

> 0.06 

> 030 

> 1.5 

See (3) 

Soil 

Noncontaminated 
(Concentration = 
one to ten times 
drinking water 

criteria) 

0.q5-0.50 

1.0-10 

0.01-0.10 

0.05-0.50 

0.2-2.0 

0.02-0.20 

0.002-0.02 

0.01-0.10 

0.05-0.50 

See (3) 

Guidelines Using TCLP 

Contaminated 
(Concentration = 
ten to thirty times 

drinking water 
criteria) 

0.50-1.5 

10.0-30.0 

0.1-0.3 

0.50-1.5 

2.0-6 

0.20-0.6 

0.02-0.06 

0.10-0.30 

0.50-1.5 

See (3) 





TABLE 3-2 

LIONG ISLAND SOUND 
DREDGED MATERIAL CONTAMINATION LEVELS 

NOTE: Concentrations of PCB's of 1.0 parts per million @pm) will be considered as codmation of high contamination. 

Analyte 

Mercury 

Lead 

Zinc 

Arsenic 

Cadmium 

Vanadium 75-125 

> 

Level of Contamination 

High 

> 1.5 

> 200 

r 400 

> 20 

> 7 

Low 

< 0.5 

< 100 

< 200 

< 10 

<3 

Moderate 

0.5-1.5 

100-200 

200-400 

10-20 

3-7 





w 
in sediment, groundwater, soil, and potentially in biota. Extent of contaminants could be 

determined using field screening or field analytical techniques (EPA Analytical Support 

Levels I and In), However, in order for data to be defensible and c o ~ i a t i o n a l ,  a higher 
level of precision and accuracy is needed. This higher level will allow the data to be used 

to augment any fi~ture investigations which may be needed for additional delineation; 

therefore, sample analysis will be conducted by an off-site laboratory using EPA-approved 

methodologies (EPA Analytical Support Level III). The methodologies used wi l l  be those 
presented in EPA SW-846. 

CDEP determines cleanup levels for soil on a case-by-case basis. However, multiples of 

CPDWC criteria for inorganics are used as general guidelines for various excavation and 

disposal options (Table 3-1). These guidelines are based on TCLP analyses. Because the 

soil sampling to be conducted under this Phase of the RI is primarily off site, and not 

expected to result in excavation or disposal remediations, soil samples will be analyzed for 

total analyte content rather than by TCLP analyses. 

Qyl' Based on the history of compounds used at the site, nearly all samples will be analyzed for 

the presence of Target Compounds List (TCL) VOs and Priority Pollutant Metals. In some 

areas samples wil l  also be analyzed for PAHs and the presence of PCBs. 

Detection levels need to be sufficiently low to allow comparison of results to regulatory 

standards or guidance. Groundwater beneath the site is classified as potentially non-potable 
according to CDEPs classification system; however, it may be necessary to compare 
analytical results to Connecticut Health Department Drinking Water Standards. This list of 

standards is a combination of both Connecticut's numbers and EPA MCLs. Laboratory 

detection limits for compounds with Standards are lower than the Standards. 

Risk assessment often requires a sample quantitation limit at or below the detection limit 

provided by routine analytical methods for many chemicals of toxicological concern. The 

sample quantitation limits vary according to sample medium. The qantitation limits for 

chemicals in water samples are often far lower than for the same chemicals in soils and 

sediments because of interferences caused by co-extractable components in the soil and 

sediments. These interferences are most problematic when chemicals are at concentrations 
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near the detection limit. Analytical methods have been selected which should provide the 

required detection limits. The methods that will be used and their detection limits are 
discussed in the CDAP. 

3.3 WORK PLAN APPROACH 

3.3.1 Introduction 

The primary objective of Phase I of this RI was to evaluate the presence or absence of 

contamination at the site. The primary objectives of Phase 11 of this RI are to delineate 

contamination and obtain the additional information needed for developing a Risk Assessment 

for the site. The overall approach to Phase 11 field sampling will be to evaluate the extent 

and biological effects of contamination which was identified in Phase I. The data from Phase 
I and Phase I1 will form part of the data set for the Baseline Risk Assessment. 

As with the Phase I investigation, sampling will focus on the two major exposure pathways 

identified in the PAS: 

releases to sediment potentially resulting from discharge from outfalls in 
Areas 1 and 8 (see Figure 2-2); and, 

releases to subsurface soils from disposal, spills, or leaks with potential for 

leaching to groundwater and subsequent migration of groundwater to sediment 

in the Housatonic River (see Figure 2-2). 

The environmental media of concern to be sampled are: 

a sediment and biota in the intertidal flats and the Housatonic River and 

connected waterways adjacent to the site; 

groundwater beneath the site; and, 

a subsurface soils in on-shore areas. 
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WV 
Environmental data from the Phase I and Phase II investigations will be used to develop a 

Baseline Risk Assessment (BRA). The Assesment will evaluate site-related risks to human 

health and biota. 

The overall approachs to sampling each medium and to developing the Baseline Risk 

Assessment are summarized in the following sections. Specific details regarding sampling 
are contained in the Field Sampling Plan (FSP) and Chemical Data Aquisition Plan (CDAP). 

3.3.1.1 - Overall Amroach to Sediment and Benthos Sam~ling 

Sediment chemistry, toxicity testing, tissue analysis and benthic community analyses will be 

performed to evaluate sediment contamination in the vicinity of SAEP. 

Sediment samples will be collected from four areas as follows: intertidal flats, drainage 

ditch, downstream and upstream of SAEP. The vertical extent of contamination will be 

determined by collecting samples at two depth intervals (0-6 inches and 2 to 4 feet) at each 

Ylll location. Sediment samples will be collected from the intertidal flats adjacent to the site 

along transects extending away from the potential sources of contamination (i.e. outfalls) to 

determine the lateral extent of contamination identified in Phase I investigations. Sediment 

samples will also be collected from drainageways in Area 8. Because of potential for 

sediment movement from tidal action, sediment samples will also be collected from one 

location downstream from SAEP, in the Housatonic River. Because of the potential for 
sediment contamination from upstream sources, sediment samples will be collected from two 

upstream locations which are presumed to be unaffected by SAEP activities. 

Sediment samples will be analyzed for PAHs, PCBs, and Priority Pollutant Metals (Table 

3-3). These parameters were selected based on the results of Phase I sediment analyses. 

In order to deternine the effects of sediment contamination on organisms living on or in the 

sediment, sediir:nt will be tested for toxicological effects. Biota tissue will be analyzed for 

contaminant content, and the distribution of the benthic macroinvertebrate community will 

be studied. 
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TABLE 3-3 
SAMPLING MEDIA AND CONTAMINANTS OF CONCERN 

II SAMPLE MEDIA I C O ~ M I N A N T S  OF  CONCERN(^) 

(1) PP Metals - - Priority Pollutant List metals 

PAHs - - Polycyclic aromatic hydrocarbons 
v o s  - - Volatile organic compounds 
PCBs - - Polychlorinated biphenyls 

Sediment 

Soil 

Groundwater 

Biota 
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WV 
Sediment toxicity testing will be performed using the amphipod Ampelisca abdita following 
ASTM method E 1367-90. Using this protocol, the amphipods are directly exposed to the 

sediment, allowed to bury themselves and consume whatever foodstuffs are available. At 

the end of the testing period the organisms are assessed for any toxic response. 

To determine whether organisms living adjacent to the site are accumulating site related 

contaminants in their tissues, biological tissues (if available) will be sampled and analyzed 

for mercury, cadmium, chromium, nickel, lead, PCBs, percent moisture and percent lipids. 

These parameters were selected based on their bioaccumulation potential, apparent relation 

to previous site activities, and detection in sediment samples during the Phase I investigation. 
Should they occur in sufficient numbers in the intertidal flats, sedentary species such as blue 

mussel (Mytilus eclulis), hard clam (Mercenada rnercenaria), or Eastern oyster (Crassostm 
virginica) will be collected for tissue analysis. Because these organisms are consumed by 
other aquatic organisms as well as humans, these data can be used in both the Human Health 
and Envrionrnental Evaluation portions of the BRA. 

uYI 
To determine whether the sediments adjacent to SAEP are negatively affecting the resident 

benthic macroinvertebrate community, benthic sampling will be conducted at the same 

locations where s;unples for solid phase toxicity testing are collected, including the three 

background locations. The samples will be taken to the laboratory and sorted. The data will 

provide an estimation of density (number of individuals per unit area) and species richness 
(number of different types of organisms) at each location, which will be compared to the 

reference locations and any other available benthic invertebrate data for nearby areas (if 

any). 

3.3.1.2 - Overall Amroach to Groundwater Sam~ling 

Chemicals that have entered groundwater tend to travel horizontally away from the source 

in a downgradient direction. In the Phase I site investigations, groundwater monitoring wells 

were positioned downgradient of a number of potential sources to evaluate the effect of these 

individual sources on groundwater quality, and upgradient to monitor the quality of 

groundwater entering the area (background conditions). The results of the Phase I 
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investigations indicated that shallow and deep groundwater at one of the presumed upgradient 
locations was contaminated. Phase I1 groundwater investigations will focus on delineating 

the contamination by installing and sampling additional wells in that area. In addition, The 
Phase I1 investigations will include a complete round of samples from all of the wells on site 

to confirm previous results and supply additional data for the BRA. 

Samples from all monitoring wells will be analyzed for TCL VOs plus a 10 compound 

library search, and total metals. The library search is used to tentatively identify the 10 

highest chromatogram peaks, other than those peaks for TCL compounds. The computer 

library used for the search contains appr~ximately 50,000 compounds. 

Shallow (water table) overburden, intermediate overburden, and deep overburden ground 

water monitoring wells will be installed. Shallow overburden wells will be installed so that 
their screened portions intersect the water table. Intermediate overburden wells will be 

screened at depths of approximately 40 to 50 feet. This depth corresponds to approximately 

the middle of the overburden materials. Deep overburden well will be screened in the 10- 

foot interval above the top of bedrock. The top of bedrock is expected to be encountered 

between 100 and 150 feet below ground surface. 

All new monitoring wells will be surveyed for location and elevation. Slug testing and/or 

single-well pumping tests will be completed on all newly installed monitoring wells to 

estimate aquifer characteristics. 

3.3.1.3 Overall A D D ~ O ~ C ~  to Soil Sampling 

Soil samples will be collected from pilot boreholes for the installation of monitoring wells 

for the purposes of chemical analysis, geotechnical analysis, and/or visual classification. 

Soil samples for chemical analysis will be obtained from a depth of 2 to 4 ft  from one 

borehole at each new well cluster location. Soil samples for geotechnical analysis will be 

collected from screened intervals and as appropriate to characterize subsurface stratigraphic 

units. Soil samples for visual classification will be collected every 2.5 ft  for the first 10 ft 
and every 5 ft for the remaining depth of each boring. 
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Soil samples will be obtained from split spoon samplers in borings advanced by a truck 

mounted drilling rig. Split spoon samplers to be used to collect samples for chemical 

analysis will be stainless steel. Other samples will be collected with non-stainless steel split 

spoon samplers or thin-wall sampler (Shelby tube) as appropriate. 

Soil samples for chemical analysis will he analyzed for TCL VOs + 10 and Priority Pollutant 

Metals (Table 3-3:) These parameters were selected based on the types of contaminants 

detected in groundwater on site. Soil samples for geotechnical analysis will be analyzed for 

grain size distribution, Atterberg Limits, and moisture content. 

3.3.1.4 - Overall A ~ ~ r o a c h  to Baseline Risk Assessment (BRA) 

A BRA will be conducted for this site to assess the potential risks to human health and the 

environment from exposures to chemicals of concern released from the site. The baseline 

risk assessment assesses risks for the present (baseline) conditions at the site (i.e., assuming 
Uv  no remedial action will be taken at the site). The results of the risk assessment will be used 

to: 

estimate the magnitude of potential human health and ecological risk 

associated with chemical releases at the site; 

identify the primary contributors to the risk from the site; and, 

help determine whether corrective action is warranted at the site and, if not, 

to support the no action alternative. 

3.3.1.4.1 a s c e ~ t u a l  Site Models. An important activity of the RI planning phase is 

the review of existing data and the development of conceptual site models. Information 

(including previous investigations) concerning waste sources, waste constituent release and 

transport mechanisms, and locations of potentially exposed individuals (receptors) is used to 
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develop a conceptual understanding of the site in terms of potential human and ecological 

exposure pathways. 

The conceptual site model is a schematic representation of the potential contaminant source 

areas, chemical release mechanisms, environmental transport media, potential intake routes 

and pathways, and potential human or ecological receptors. The conceptual site models 

developed in this Work Plan are extensions of the conceptual models developed in the PA 

for this site. The conceptual site model has three primary purposes: 

to assist in the development of the sampling plan (i.e., sampling locations, 

media to be sampled, and chemicals to be sampled) so that information 
regarding potential human health and environmental impacts from the site can 

be collected efficiently; 

to create a framework for the baseline risk assessment; and, 

to use as an aid in identifying effective cleanup measures, if necessary, that 
are targeted at significant contaminant sources and exposure pathways. 

An exposure pathway includes four necessary elements: 

a source of chemicals and a mechanism of chemical release; 

an environmental transport medium (air, surface water, etc.); 

an exposure point; and, 

an intake route (inhalation, ingestion, dermal contact). 

Each of these four elements must be present for an exposure pathway to be complete. 

Exposure pathways are considered to be complete if there are potential chemical release and 

transport mechanisms and identified receptors for that exposure pathway. An incomplete 
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pathway means thiit one of these elements is missing and hence, exposure cannot occur. 

Only potentially complete pathways will be addressed in the risk assessment. 

In the conceptual site models, potentially complete and significant exposure pathways are 

indicated with solid lines; incomplete or insignificant pathways are indicated with dashed 

lines. Exposure scenarios are developed based on current uses of the sites and on potential 

future uses. Future use of the SAEP is assumed to remain industrial as residential 

development is corisidered to be unlikely. If foreseeable future use excludes a receptor type, 
these receptors do not appear in the conceptual site models. 

Figures 3-1 and 3-2 show the preliminary conceptual site models for human and ecological 
exposure pathways for the S AEP, respectively. These preliminary conceptual site models 

are subject to change, based on data which will be collected during the Phase II 
investigations. 

Potential Human Exposures 

The conceptual site model for potential human exposure pathways is shown in Figure 3-1. 

Hazardous materials spilled or leaked from various facilities at the SAEP to the ground and 

outfalls are the primary potential contaminant sources. Mixing of the spilled materials with 

soil, and direct releases of materials through the stormwater drainage system are shown as 

the primary chemical release mechanisms. Other potential primary release mechanisms, such 
as direct contact with spills, transport by storm runoff, wind erosion, or volatilization to the 

atmosphere, are not primary release mechanisms at this site because the spilled materials 

have been removed, have evaporated, or have infitrated into the soil. 

Soils are the secondary source of chemical release at the site. Once mixed with soils, the 

chemicals may be release to surface water by storm water transport, to groundwater by 

infiltration and percolation, to the atmosphere by volatilization or wind erosion of dust, and 

to receptors by direct contact. 

Exposures to contaminants in surface soils is considered to be insignificant at this site 

because nearly all of the site is either paved or covered with buildings. Therefore, direct 
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contact by workers, surface water runoff, or volatilization and dust production are not 
significant pathways from surface soil for site workers. However, surface soil may present 

a significant pathway for hypothetical future construction workers who may be involved in 
excavation of the soils. 

Groundwater is not a complete exposure pathway because there is no domestic use of 

groundwater at or downgradient of the site. However, groundwater may migrate from the 

site to surface water, (i.e., the Housatonic River). If contaminants are transported via 

groundwater to the river, exposure to recreational receptors could occur via exposures to 

surface water and sediments, and ingestion,of contaminated sea food. Potentially significant 

exposures to surface water and sediment for recreational receptors include dermal contact 
and incidental ingestion of these media during sea food harvesting. For purposes of 

evaluating potential impacts to public health via the groundwater/surface water pathway, fate 

and transport modeling will be conducted to determine if there is a potential for contaminants 
detected in grountiwater at the site to reach surface waters at concentrations of potential 
concern. 

'YII 
Air, contaminated either by contaminants volatilized from soil or by contaminated airborne 

particulate matter, represents a potentially complete inhalation pathway to hypothetical future 

construction workers involved in excavation of contaminated soils. Direct contact with 

contaminated soils by hypothetical construction workers represents a potentially complete 

ingestion and dern~al contact pathway. 

In summary, potentially complete and significant human exposure pathways are: 

Site workers 

- no significant exposures are expected because nearly all of the site is 

paved 

Hypothetical future construction workers 

- incidental ingestion of soil 
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- dermal contact with soil 

- inhalation of volatile emissions and airborne particulates from soils 

Recreational receptors 

- incidental ingestion of sediments during seafood harvesting 
- dermal contact with sediments during seafood harvesting 
- incidental ingestion of sediments during seafood harvesting 
- dermal contact with sediments during seafood harvesting 
- ingestion of seafood. 

Potential Ecological Exposures 

The conceptual site model for potential ecological exposure pathways is shown in Figure 3-2. 

The primary sources of contaminants are hazardous materials used at the site which have 

leaked or been spilled onto site soils, or dischaged directly via outfalls to surface water 

bodies or sediment. Once in contact with the soil, the chemicals may percolate or leach 

through the soil to the groundwater. Groundwater discharge represents a tertiary source of 

contaminant release to the intertidal sediments adjacent to the site. 

Small mammals or birds, such as white-footed mice or the American robin, are typical 

receptors to contaminated soil. These receptors may be exposed through direct contact, 

direct ingestion, and indirect ingestibn of the soil. Predatory birds or mammals, such as the 

red-tailed hawk or raccoon, may also be exposed to soils through indirect ingestion. 

At SAEP, ecological exposure to contaminants in the soil is considered an insignificant 

pathway at this site due to the site paving and development. Given the existing site 

conditions, populations of terrestrial mammals and predatory birds are expected to be very 

small to non-existent. 

Sediments which have been contaminated by groundwater discharge or outfall discharges 

represent a likely media for ecological exposure. Receptors which may be effected by 
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contaminated sediments include benthic invertebrates, forage fish, carnivorous fish, 
waterfowl, and wading birds, as depicted in Figure 3-2. 

Surface water may also represent a contaminant source at the site. Results of fatre and 

transport modeling will abe used to determine whether contaminants have the potential to 

reach the surface water in concentrations trhat would pose a threat to ecological receptors 

such as fish. 

In summary, potentially complete and significant ecological exposure pathways are likely to 

include the following: 

Dircxt contact of benthos with contaminated sediments 

* Ingestion of contaminated benthos by birds 

Ingestion of contaminated benthos by fish 

Surface water scenarios may also be included depending on the outcome of the fate and 

transport modeling. 

3.3.1.4.2 &man Health Risk Assessment. This section describes the approaches that 
will be used to complete the baseline human health risk assessment. The health risk 

assessment will estimate the level of health risks associated with potential exposures to site- 

related chemicals of concern in environmental media at the site. Existing data from the site 

and additional soils, sediment, groundwater, and surface water data obtained during the field 

investigations, and modeled results will be used to evaluate potential health risks. 

The objectives of the baseline health risk assessments are to identify health risks specific to 

chemicals released from the site and, if a potential hazard to human health exists, to 

determine site-spcxific concentrations that will not be harmful to public health. Results of 

the risk assessment will be used to help determine whether no further investigation is needed 

at the site, if inteiim action is needed, or if the site should be carried forward in a Feasibility 
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Study. Figure 3-3 illustrates the approach taken for the risk assessment. Methodologies for 

the risk assessment are described in the following sections. 

3.3.1.4.2.1 Human Health Risk Assessment Ap~roach. The health risk assessment will 

follow the guidance provided by EPA for evaluation of public health risks for Superfund. 
Specific EPA guidance to be followed for this human health risk assessment includes: Risk 

Assessment Guidance for Superfund Volume I - Human Health Evaluation Manual (-A 

1989b), Exposure Factors Handbook (EPA 1989a), Human Health Evaluation Manual 
Supplemental Guidance: "Standard Default Exposure Factors" (EPA 199 1 b), Superfund 

Exposure Assessment Manual (EPA 1988b), Dermal Exposure Assessment: Principles and 

Applications (EPA 1992a) and Data Usability in Risk Assessment (EPA 1990a). The health 

risk assessment consists of six components: 

Site Background and Demographics 

Identification of Chemicals of Concern 
Toxicity Assessment 

Exposure Assessment 

Risk Characterization 

Uncertainties and Limitations 

3.3.1.4.2.2 Site Backmound and Demo~ra~hics.  The objective of this portion of the 

risk assessment is to characterize the exposure setting with respect to the general physical 

characteristics of the site and the populations on and near the site. Site characteristics such 

as climate, vegetation, and the presence and location of surface water are identified in this 

step. Receptor populations are also identified and are described with respect to those 

characteristics that influence exposure, such as location relative to the site, activity patterns, 

and the presence of sensitive subpopulations. 

3.3.1.4.2.3 Identification of Chemicals of Concern. A large number of individual 

chemicals are associated with hazardous materials that may have been released at SAEP. 
Chemicals of concern in environmental samples (e. g . , soil, sediment, surface water, 

groundwater) are expected to be constituents of certain potentially hazardous materials that 

are known or suspected to have been discharged. The selection of chemicals of concern is 
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important and fundamental to the risk assessment process and will be done as recommended 

in EPA guidance. It is anticipated that the list would include all chemicals related to SAEP 

activities detected in environmental media above background levels. Chemicals that have 

documented EPA toxicity criteria (Reference Doses IRfDs] for noncarcinogens and cancer 

slope factors [SFJ for carcinogens) will be evaluated quantitatively in the risk assessment. 

Chemicals without such criteria will be evaluated qualitatively in terms of their potential 

contribution to risk or compared to other standards such as MCLs. The chemicals of 

concern would not include chemicals that are identified as attributable to laboratory or field 
contamination in accordance with criteria from EPA's Functional Guidelines 

(EPA 1988a; 1991~) as specified in the QAPP or that do not exceed background 

concentrations. 

3.3.1.4.2.4 mxicitv Assessment. Toxicological information for hazardous chemicals 

most often released to the environment from hazardous waste sites is generally well 
documented in the scientific literature. This risk assessment will follow the EPA 

recommended hierarchy of sources for determining critical toxicity criteria (RfDs and SFs). 

'Yllllr The first source in  this hierarchy is IRIS (Integrated Risk Information System) and is the 

primary source of toxicological information for this risk assessment. The current Health 

Effects Assessment Summary Table (HEAST; EPA 1993 or later) will also be consulted for 

toxicity criteria where needed. For chemicals that have no published EPA toxicity criteria, 

but that could be significant contributors to risk, EPA's Environmental Criteria and 

Assessment office may be contacted for additional information. In addition, pertinent 
literature may be reviewed in order to summarize individual chemical toxicities relevant to 

site- and receptor-specific parameters. 

3.3.1.4.2.5 Exposure Assessment. The conceptual site models presented in Section 

3.3.1.4.1 of this Work Plan provide the basis for the exposure assessment. Exposure 

pathways identified in the conceptual site models define the migration pathways that 

chemicals might take from the chemical source area to the human receptor populations. The 

exposure pathway analysis will evaluate the chemical release mechanisms and transport in 

the environmental media and define the exposure points for human receptors. Construction 

(excavation) exposures will be considered at the site. Recreational exposures will be 

considered in the diversion ditches for exposure to sediment, surface water, and seafood 
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based on modeled concentrations. Since the site is completely paved, occupational exposures 

are considered insignificant. 

The identified exposure points are those locations where humans may be exposed to 

chemicals of concern. Exposure point concentrations in soils, sediments, and surface water 
will be estimated from the chemical analytical data. Both the average (mean) and Reasonable 

Maximum Exposure (RME) concentrations will be used in the exposure assessment. The 

RME concentration will be either the 95 percent upper confidence limit on the arithmetic 

mean or the maximum detected concentration, in accordance with EPA guidance. Potential 

exposure point concentrations of chemicals of concern in air will be estimated by air 

emissions modeling. Because groundwater is not used at or downgradient of the site, 
exposure point concentrations for chemicals of concern in groundwater will be calculated by 

modeling potential migration of chemicals of concern to sediment and surface water bodies 
(i.e., the Housatonic River). 

3.3.1.4.2.6 Human Health Risk Characterization. Human health risks will be evaluated ' 

for long-term (chronic) exposures, and where appropriate, short-term (subchronic) exposures. 

The potential health risks from the various exposure routes (inhalation, ingestion, and dermal 

contact) to contaminated media will be included in the risk characterization. 

The potential for noncarcinogenic human health effects is chmcterized by dividing the 

estimated daily chemical intakes by the respective RfDs. The resulting ratios are chemical- 

and pathway-specific hazard quotients. The sum of the hazard quotients is a pathway- 

specific hazard index for noncarcinogenic health effects.' Carcinogenic risks are calculated 

by multiplying the daily average lifetime intakes by the chemical-specific cancer slope 

factors, which results in an estimate of the excess lifetime probability of developing cancer 

from the exposure. Hazard indexes and cancer risks are summed for all chemicals and 

exposure pathways to calculate the total hazard index and cancer risk for each exposed 

population. 

3.3.1.4.2.7 Uncertainties and Limitations. Conservative assumptions are used in the risk 

assessment to avoid underestimation of potential health risks and to enhance confidence in 

the results and conclusions. Nevertheless, uncertainties are inherent in the risk assessment 
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wf 
process. The RI report will include a discussion of the major sources of uncertainty in the 
risk assessment ;md identify factors that may result in either overestimation or 
underestimation of potential risk. 

3.3.1.4.2.8 Evaluation of Backmound Concentrations. Soils are derived from parent 
geologic materials as a result of physical, chemical and biological processes. The soil 

system is a highly heterogeneous matrix of inorganic and organic components. The relative 

proportions of these components are dependent upon factors influencing soil formations, such 
as topography, climate, depositional processes, and time (Sposito and Page, 1984). Total 

concentrations of metals in soils may vary depending upon location. For example, at the 

surface, soils are influenced by leaching, runoff, atmospheric deposition, and biotic uptake, 
as well as anthropogenic activity. The ranges of naturally occurring or "background" 
concentrations of ~netals in soils is greatly varied due to the composition of parent material, 

and therefore, can: must be taken in the interpretation of metals data generated during a site 
investigation. 

QY For the RI, concentrations of metals in site soils will be compared to background soils 

concentrations using a statistical approach. The maximum concentrations detected at the site 
will be compared to the 95th upper tolerance limit of the background concentrations. Using 
this technique, individual samples at the site with high concentrations can be identified. For 
metals whose maximum detected concentration exceeds the 95% UTL of the background, 

the site and background populations (e.g., means or medians) will be compared. Finally, 
concentrations detected in site soils will be compared to regional soils concentrations 
reported in the literature. 

3.3.1.4.3 Environmental Evaluation 

3.3.1.4.3.1 Environmental Evaluation A~~roach .  Section B-10, Part c, of Appendix 
B to US Army Regulation 200-1 (AR 200-1) describes the four elements of an ecological risk 
assessment to be: hazard identification, exposure assessment, ecological disruption 
assessment and risk characterization. Appendix B also refers to standard EPA guidance used 

in risk assessment. The scope of work described below for the Environmental Evaluation 
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(EE) of the SAP has been developed based upon the Scope of Work for the site, Part c and 

the following USEPA guidance for the conduct of ecological risk assessments: 

Risk Assessment Guidance for Superfund, Volume II, Environmental 

Evaluation Manual (Part A)(USEPA 1989) and EcoUpdates; and, 

Framework for Ecological Risk Assessment (USEPA 1992). 

The objective of the EE portion of the BRA for the SAES is to use environmental and 

ecological data collected as part of the Phase I and Phase II Remedial Investigations 

conducted for the site to assess potential aquatic ecological impacts attributable to the 

presence of site related contaminants in environmental media. Data sets will include 

sediment chemistry, biological tissue chemistry, solid phase toxicity testing and benthic 
macroinvertebrate communities. 

In the following sections, each of the major elements of the EE will be described. 

3.3.1.4.3.2 Descri~tion of Site and Surroundin? Area. The description of the site 

setting will include aquatic resources and, to a limited degree, terrestrial ecological resources 

in the immediate vicinity of the Plant using existing available information. Terrestrial 

resources will be evaluated only to the extent that certain terrestrial forms may use the 

aquatic habitat for foraging. Information sources will include the New York State 

Department of Environmental Conservation (NYSDEC), US Geological Survey (USGS), US 

Fish and Wildlife Service (USF&WS), National Oceanographic and Atmospheric 

Administration (NOAA), CTDEP Marine Fisheries Division, CTDEP Western District 

Wildlife, CT Department of Agriculture - Aquaculture Division. As requested in the Scope 
of Work, the description will include commercial, residential, recreational, and aesthetic uses 

of natural resources which could potentially be affected by site-related contaminants. A 

description of the following natural resources will also be compiled: 

• sensitive habitats or populations of organisms (eg., tidal wetlands); 

potentially impacted flora and fauna; and, 
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critical habitats and species (eg., endangered and threatened species). 

The purpose of this description is to characterize potentially exposed ecosystems through 

development of an aquatic food web, so that biological populations which represent potential 

receptors can be itlentSed and incorporated into the conceptual site model for the site. A 
brief description of significant natural features such as physiography, regional hydrogeology 
and surface water hydrology which may directly or indirectly influence the site ecology will 

also be presented ,as appropriate. 

3.3.1.4.3.3 Identification of Chemicals of Concern. Based on the Phase I data, 

chemicals of concern will be identified for sediments only for the purposes of this EE. The 

selection of ecological chemicals of concern for sediments will be based on a systematic 

evaluation to identify what site-related chemicals are the most prevalent and toxic, and hence 

represent the greatest threat or hazard, to ecological receptors. Prevalence, concentration 

and toxicity information for the chemicals identified will be evaluated to ensure that the List 
tlw represents chemicals posing the greatest ecological threat. The following five criteria will 

be used to screen sediment data to select ecological chemicals of concern : 

detection in at least one matrix sample above the method or instrument 

de1:ection limit; 

presence of chemicals in blanks or known laboratory contaminants; 

frequency of detection and maximum concentration level; 

persistence and potential for chemical to transfer through food chains and 

bioaccumulate; and, 

exceedance of environmental "benchmarks". 
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The ecological chemicals of concern will include all site-related contaminants which fail the 

screening process. Surrogate compounds representing the greatest ecological threat will be 

selected from the list to undergo the exposure assessment. 

3.3.1.4.3.4 Toxicitv Assessment. Toxicity profiles for each of the chemicals of concern 
will also be presented. Toxicity profiles will include published data on chemistry, 
environmental fate, residues in environmental media and ecotoxicity for each of the 

chemicals of concern. 

3.3.1.4.3.5 Exposure Assessment. The exposure assessment characterizes exposure of 

potential ecological receptors to chemicals of concern. The objective of the exposure 

assessment is to examine the potential threat from the chemicals of concern to pre-selected 

principle receptors of concern. For the aquatic habitat, the "weight of evidence" approach 
using exceedance of existing ecological benchmarks, biological tissue analyses, comparison 

to literature toxicity values, evaluation of site-specific solid phase toxicity testing data and 

assessment of indigenous benthic communities, will be used to assess whether or not the 

aquatic habitat has been impacted or poses a risk to aquatic biota which use the habitat. 

A semi-quantitative evaluation will be used to evaluate the exposure of potential aquatic and 

terrestrial receptors to bioaccumulative chemicals in sediment and food. Concentrations in 

food items will be based upon site-specific biological tissue data. Information on food web 

pathways and bioaccumulation factors (BAFs; the ratio of the concentration of a contaminant 

in an organism to the concentration in the abiotic media) for chemicals and receptors of 

concern will be obtained from the published literature. Calculated receptor tissue levels, and 

actual concentrations measured in biological tissues collected in the field, will be compared 

to values in the published literature. 

In the event that birds and semiaquatic mammals or terrestrial receptors are potentially 

exposed to nonbioaccumulative site related chemicals, an "Ecotoxicological Quotient" 

Method similar to the Hazard Index for human health assessments, will be used to evaluate 

exposure from direct ingestion of sediment and food items derived from the exposed 

aquatic habitat. 
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3.3.1.4.3.6 Risk or Threat Characterization. As part of the risk characterization, data 

collected will be used to identify what general areas of the site, if any, pose a threat to 

wildlife using the site. Chemical data will be evaluated concurrently with available 

ecological data to identify areas which may pose a threat. 

Characterization of impacts to semiaquatic receptors will be based on the results of ecological 

hazard and ecological quotient indices if warranted. Resultant indices will provide a 

screening of the potential for risk under the various exposure scenarios. 

3.3.1.4.3.7 Uncertainty Analvsis. EPA guidance for performing ecological risk 

assessment cannot provide a systematic, reproducible approach to evaluating ecological risks 
and impacts to all receptors, at all sites, for all chemicals. Owing to the multitude of 
variables, and the level of professional judgement which must be exercised in ecological risk 
assessment, numerous uncertainties and limitations are inherent in the process, and can effect 

the final outcome of the evaluation. The following sources of uncertainty and data gaps will 

be addressed in the report as appropriate: data quality; data availability; exposure 

v assessment assumptions; toxicity assessment; and risk characterization. 
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4.0 
REMEDIAL INVESTIGATION TASKS 

4.1 FIELD INVESTIGATION 

This task involves all efforts related to fieldwork required to implement this Work Plan. 

This task will begin when the Work Plan is approved and end when field activities are 
completed. Elements of this task are outlined below and described in detail in Appendix A 

(Part I). 

procurement of subcontracts 
mobilization 

media sampling 

hytirogeological investigation 
monitoring well and sampling location survey (vertical and horizontal) 

qYlV 
4.2 DATA REVIEW AND QUALITY CONTROL SUMMARY REPORT 

This task includes all efforts related to laboratory analysis of samples and data review. 

Analysis begins when the samples are received by the laboratory and ends when the 

laboratory reports have been reviewed and found to be acceptable. Elements of this task are 

outlined below and described in detail in the CDAP (Appendix A, Part 2). 

procurement of subcontracts 

laboratory analysis 

laboratory data validation 
data reduction and tabulation 

data usability evaluation 
a e~raluation of data gaps 

preparation of Quality Control Summary Report (QCSR) 
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4.3 BASELINE RISK ASSESSMENT 

This task includes the preparation of a Baseline Risk Assessment (BRA) for the site including 

a human health evaluation and environmental evaluation. Data from previous investigations 

and data collected as part of theis phase of the RI will be used in the BRA. Elements of this 

task are outlined below and described in detail in Section 3 of this Work Plan. 

exposure setting characterization 
chemicals of concern identification 

a toxicity assessment 

exposure pathways assessment 
risk characterization 

As a subtask to exposure pathway assessment, hydrogeologic modeling will be used to model 

the fate and transport of contaminants in the groundwater pathway. The modeling effort will 

include the following: 

additional analyses of groundwater flow properties including determining the 
variablility of the directions and rates of groundwater flow and hydraulic 

gradient of different parts of the site, and the interaction of surface watyer 

and groundwater which includes estimating the discharge volumes of 

groundwater into the surface water; 

calculation of the impact to groundwater of constituesnts detected in soil (but 

not in groundwater) using representative subsurface soil concentration data; 

and, 

calculation of the concentrations of contaminants when they enter the surface 

water based on dilution calculation. 
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4.4 REMED:[AL INVESTIGATION REPORT 

This task inc1udr:s all efforts related to the presentation of findings once the data has been 

evaluated. Preliminary work on this task will begin when the field effort is completed. The 

task will end when the report is submitted to the concerned parties as defined in the USACEs 
Document Submittal List. Elements of the task are outlined below. 

data presentation 

dr;& report preparation 

internal WCC peer review 

drzlft report distribution 
a review meeting 

report revisions 

final report distribution 
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5.0 
SCHEDULE 

It is estimated that it will take approximately 15 months to complete all of the Phase 11 
Remedial Investigation tasks. A detailed graphical schedule is provided in Figure 5-1. 
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1.0 

SITE BACKGROUND 

A description of the SAEP site and the purpose of this investigation are contained in Sections 
1.0 and 2.0 of the Phase I1 RI Work Plan. 
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2.0 
SAMPLING OBJECTIVES 

The sampling described in this Field Sampling Plan (FSP) is designed to determine the extent 

of contamination identified in sediment and groundwater in the Phase I Remedial 

Investigation, and the effects of the contamination on biota in the intertidal flats and the 

Housatonic River and connected waterways adjacent to the site. Information regarding the 

nature and extent of contamination and physical conditions at SAEP will be used to develop 

a Baseline Risk Assessment (BRA). The BRA will evaluate site-related risks to human 

health and biota, 
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3.0 

SAMPLE LOCATION AND FREQUENCY 

This section describes the contamination assessment sampling and biota sampling to be 

conducted, and the hydrogeologic investigation plan. Because of name duplication, some of 

the existing wells were renamed for the purposes of this Remedial Investigation. Wells 

which were instaxled for lagoon monitoring are identified with the letters LW (Lagoon Well) 
followed by the number originally assigned to them. One well which was installed in the 

area of building 8-70 is identified with the letters ECD (East Coast Drilling) followed by its 

original number (-4). 

3.1 SEDmINT SAMPLING FOR CONTAMINATION DELINEATION AND 
PHYSICAL PARAME- 

Sediment will be sampled at 30 locations in the intertidal flats area and drainage ditch/ 

Marine Basin area (Outfall 008) for chemical analysis as shown on Figure 3-1. Three 

additional locations will be sampled to represent "background/referenceW sediment 

conditions: on the north side of the jetty separating the intertidal flats from the Housatonic 

River; a drainageway within Nells Island on the east side of the Housatonic River; and one 

location downstream from the site. 

Two sediment !;amples will be collected at each location using a push core sampler. One 

sediment sample will be collected from 0 to 6 inches below the sediment surface and the 

second at a depth of 24 to 48 inches below the sediment surface. 

All of the sediment samples will be analyzed for Target Compound List (TCL) polyammatic 

hydrocarbons (PAHs), Priority Pollutant Metals, polychlorinated biphenyls (PCBs), and total 

organic carbon (loss on ignition). Sampling techniques and analytical methods are described 

in the Chemical Data Acquisition Plan (CDAP) (SOPS 6, 7, 10, and 11). 
1 

Geotechnical analysis for grain size, and percent moisture will also be conducted for all 

surficial (0 to 6 inches) sediment samples. Grain size analysis will be conducted using a 
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conducted using a modified ASTM method D 422-63. This method involves modification 

to the mesh sizes of the sieves used for this analysis. W-C proposes to use the U.S. 

Standard mesh sizes 10, 18, 35, 60, 120, and 230. This will allow comparisons with data 

on fine-grained sediments contained in the literature. Percent moisture will be analyzed 

using ASTM method D 2216. 

3.2 SEDIMENT TOXICITY SAMPLING AND BENTHIC COMMUNITY 
CHARACTERIZATION 

3.2.1 Samples for Sediment Toxicity Tests 

Surficial sediment (0 to 6 inches) will be collected at selected sediment locations for use in 

solid phase sediment toxicity tests. Locations for collection of sediment for toxicity tests will 
correspond to locations sampled for analytical sediment chemistry (described in Section 3.1) 

which appear to have site-related contamination, as well as several areas which appear to be 

out of the influence of site-related contaminants. Sediment toxicity tests will also be 

performed on the three off-site background sediments, as well as a laboratory reference and 

a grain-size reference sample. The solid phase sediment toxicity tests will be performed 

using the amphipod Ampelisca abdita, following ASTM method E 1367-90, "Standard Guide 

for Conducting Solid Phase 10-day Static Sediment Toxicity Tests with Marine and Estuarine 

Arnphipods". Using this protocol, the amphipods are directly exposed and allowed to bury 

themselves in the sediment and consume whatever foodstuffs are available. At the end of 

the testing period the amphipods are assessed for any toxic response (acute effects, i.e death; 

or chronic effects, i.e. reduced growth compared to a control population). 

3.2.2 Benthic Macroinvertebrate Community Sampling 

To determine whether the sediments adjacent to SAEP are negatively affecting the resident 

benthic macroinvertebrate community, benthic sampling will be conducted at the same 

locations where samples for solid phase toxicity testing are collected (described in Section 

3.2. I), including the three background locations. Three replicate surficial sediment grabs 

will be collected at each location using a standard Ponar grab sampler. The samples will be 
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on the sieve will be preserved in a 10% buffered formalin solution. Each replicate will be 

preserved and analyzed separately. 

The samples will be taken to the laboratory where they wiU be washed of formalin and the 

macroinvertebrates will be sorted from any sediment/detritus under a magnified illuminator 
and/or a dissecting microscope. The macroinvertebrates will be identified to the lowest 

practical taxon, counted, and preserved in 70 % isopropyl alcohol. 

This data will p:rovide an estimation of density (number of individual macroinvertebrates per 
unit area) and species richness (number of different types of macroinvertebrates) at each 
location, which can be compared to the reference locations and any other benthic invertebrate 
data which may exist for nearby areas. The benthic data will be compared with the 

sediment toxicity testing and sediment analytical chemistry results in the environmental 
evaluation to assist in determining impacts of sediment contaminants. 

3.2.3 Water Quality Parameters 

At each ecological sampling location (those where sediment for toxicity testing and benthic 

community analysis are collected) the following water quality parameters will be measured 
in-situ using field instruments: dissolved oxygen, pH, temperature, salinity, and conductivity. 

3.3 TISSUESAMPLING 

In order to deternline whether organisms which live in the sediments of the intertidal mudflat 

or attached to the SAEP causeway are accumulating site-related contaminants in their tissues 
biological samples will be collected. The tissues from these organisms will be analyzed for 
selected metals (mercury, cadmium, chromium, nickel, and lead), PCBs, percent moisture, 
and percent lipids. These chemical parameters were selected based on their bioaccumulation 
potential, apparent relation to previous site activities, and detection in sediment samples 
during the Phase I investigation. 
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Owing to their sedentary existence, a mollusc species which lives in or is in close association 

with the substrate, such the blue mussel (Mytilus edulis), hard clam (Mercenaria 

mercenaria), or Eastern oyster (Crassostrea virginica) makes an ideal choice for biological 

tissue sampling. Since these organisms are consumed by other aquatic organisms as well as 

humans, the data generated from these data will be used in both the Human Health and 

Ecological portions of the BRA. 

In order to determine whether quantities sufficient for providing tissue samples of either of 

these species occur on or near the intertidal flats or SAEP causeway, a site reconnaissance 

would be required prior to planning any biological tissue sampling. If sufficient populations 

of any one of these bivalves occur in the sampling area, W-C proposes to collect three 

replicate samples from six locations (including an upstream or background sample location), 

for a total of 18 biological tissue samples. 

3.4 SODL SAMPLING 

One soil sample will be collected from one of the pilot b o ~ g s  in each of the five new well 

cluster locations. Each sample will be collected from 24 to 48 inches below the ground 

surface. The five soil samples will be analyzed for TCL VOs, and Priority Pollutant Metals. 

Soil sampling techniques and laboratory analytical methods are described in the CDAP (SOPS 

1, 6, and 7). 

3.5 GROUNDWATER SAMPLING 

Eleven groundwater monitoring wells (WC-9D2, WC-18S, WC-18D1, WC-19S, WC-19D1, 

WC-20S, WC-2OD1, WC-20D2, WC-21S, WC-21D1, WC-21D2) will be installed west of 

Building 2 to monitor the quality of groundwater entering the site from the presumed 

upgradient direction. The proposed locations of these wells are shown on Figure 3-2. The 

shallow wells will be screened (using 10-foot screen sections) to intersect the water table in 
order to detect floating product, if present. Intermediate depth wells (Dl) will be screened 

at depths of approximately 30 to 50 feet below ground surface. Deep overburden wells (D2) 
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will be screened just above bedrock at depths of approximately 90 to 110 feet below ground 
surface. Actual screened intervals will determined in the field by the geologist. 

Two rounds of groundwater samples will be collected from each of the newly installed wells 

described above. The rounds of sampling will be conducted at least three months apart to 
monitor for seasonal variations. Groundwater samples from these wells will be analyzed for 
the presence of TCL VOs, and total Priority Pollutant Metals. During the second sampling 
event, 45 existing monitoring wells will also be sampled and analyzed for the same 
parameters (Table 3- 1). 

Well installation, sampling techniques and analytical methods will be as described in Section 
5 of this FSP and in the CDAP (SOPS 2, 3, 6, and 7). 

3.6 HYDROGEOLOGIC STUDY 

Aquifer testing will be used to assess the hydrogeologic conditions in areas where new wells 
"1111 are installed. Ehch of the new wells will be slug tested. Permeability data derived from 

these tests combined with the hydraulic gradient and porosities will be used to estimate the 
rates of groundwater flow. Testing and data reduction will be performed as described in the 
CDAP. 

Porosities of screened strata in new monitoring wells will be determined using geotechnical 
testing methods. Fine grained components will be analyzed using the Atterberg Limits test. 
Coarse grained components will be subjected to sieve analysis. All geotechnical samples will 
be analyzed for moisture content. Samples for geotechnical analysis will be collected from 
the interval to be screened and additional strata as needed to characterize subsurface 

conditions. 
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TABLE 3-1 
LIST OF WELLS FOR GROUNDWATER SAMPLE COLLECTION 

EXISTING WELLS 

NEW WELLS TO BE INSTALLED IN PHASE I1 
WELL IDENTIFICATION SCREENED WELL IDENTIFICATION 

WELL IDENTIFICATION SCREENED 
NUMBER INTERVAL (ft) 

WC-1s 4-14 

WC-2D 24.5-34.5 

we-3s 3-13 

WC-4S 3-13 

we-5s  3-13 

WC-6s 3-13 

WC-7s 3-13 

WC-IS 3-13 

WC-9s 3-13 

WC:-10s 3-13 

WC:-1 IS 3-13 

WC:-12s 3-13 

WC!-13s 3-13 

WC!-14s 3-13 

WC!-15s 3-13 

PT.-9D 24-34 

PZ-16D 21-31 

PZ-17D 29-39 

M W-1 2-15 

M W-2 2-15 

M W-3 2-15 

2-15 

NUniIBER INTERVAL (ft) 1 NUMBER INTERVAL Ift) 

WELL IDENTIFICATION SCREENED 
NUMBER INTERVAL (ft) 

- 

LW-IS 0-10 

LW-IS1 6-16 

LW-2 6-16 

LW-3s 0-10 

LW-3s1 8-18 

LW-4 24-34 

LW-5s 0-10 

LW-SSI 1757 

LW-SD 90-1 10 

LW-SDI 38-48 

LW-6 19-29 

LW-7 19-29 

LW-8 0-10 

LW-9s 3-13 

LW-91 38-48 

LW-9D 80-100 

LW-10s 4-14 

LW-101 38-48 

LW-1OD 71-86 

LW-11 2-12 

LW-12 3-13 

LW-13 6-16 

11 WELLS TOTAL 

EC!D4 8-18 1 ................................................................................................................................................................................................................. 
45 WELLS TOTAL 

NOTES: 
Screened intervals am in feet below ground surface. 
Estimated screened interval8 are indicated for new wellr. A 10-foot section of screen will be installed 

within the depth interval indicated. 
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4.0 

SAMPLE DESIGNATION 

Sample designations have been pre-assigned and are listed in Table 4-1. The designations 
were developed to allow logical correlation with sampling locations. The sample designation 

scheme is explained in SOP 6 of the CDAP. 
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TABLE 4-1 
SAMPLE DESIGNATIONS 

R  ranse sect F, Location 4 l~cdiment l ~ o r c  10-6. 1 ~ ~ 4 - 0 - 6  IPAHS, ~ c t a l r ,  PCBS, ~ n i a  size, TOC, 96 moisture 

4REA 

lntcrtidal Flats 

pranscct F, Location 4 ~ediment 1 1.- 1~~4-24-48  (PAHS, ~ e t a l s ,  p a s ,  TOC 1 .............. . .. ... ..... . . . .. ...... ..... . . . . . . . . . . ........ . . . . . . . . . . . . . .. ............ ... .... ... ... .. . .. . . .1"48.: ....... .... . . . ...... ....... . . .. . .. . .. .. . .. . . . . 
11 SUBTOTALI 28 locations l~cdiment 1 2 depths 56 samplea 

LOCATION 

Transcct A, Location 1 
Transcct A, Location 1 
Transcct A, Location 2 
Transcct A, Location 2 
Transcct A, Location 3 
Transcct A, Location 3 
Traoscct A, Location 4 
Transcct A, Location 4 
Transcct A, Location 5 
Transcct A, Location 5 
Transcct B, Location 1 
Traascct B, Location 1 
Transcct B, Location 2 
Transcct B, Location 2 
Transcct B, Location 3 
Transcct B, Location 3 
Transcct B, Location 4 
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MEDIA 

Sediment 
Sediment 
Sediment 
Sediimcnt 
Sediment 
S e d i i t  
Sediment 
Sediment ' 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

METHOD 

Core 
Corc 
Core 
Core 
Core 
Core 
Core 
Core 
Corc 
Corc 
Core 
Core 
Core 
Core 
Core 
Core 
Core 

Transcct B, Location 4 
Transcct B, Location 5 
Transcct B, Location 5 
Transcct C, Location 1 
Transcct C, Location 1 
Transcct C, Location 2 
Transcct C, Location 2 
Transcct C, Location 3 
Transcct C, Location 3 
Transcct C, Location 4 
Transcct C, Location 4 
Transcct C, Location 5 
Transcct C, Location 5 
Transcct D, Location 1 
Transcct D, Location 1 
Transcct D, Location 2 
Transcct D, Location 2 
Transcct D, Location 3 
Transcct D, Location 3 
Transcct D, Location 4 
Transcct D, Locatim 4 
Transcct D, Location 5 
Tnurscct D, Location 5 
Transcct E. Location 1 
Transcct E, Location 1 
Transcct E, Location 2 
Transcct E, Location 2 
Transcct E, Location 3 
Transst E, Location 3 
Transst E, Location 4 
Tranrcct E, Location 4 
Tranrcct F, Location 1 
Tnurscct F, Location 1 
Transst P, Location2 
Transcct P, Location 2 
Transcct P, Location 3 
Transcct F, Location 3 

Core 
Core 
Core 
Core 
Core 
Core 
Corc 
Core 
Corc 
Core 
Core 
Con 
Corc 
Core 
Core 
Corc 
Corc 
Core 
Corc 
Core 
Core 
Con 
Core 
Core 
Con 
Con 
Corc 
Corc 
Corc 
Corc 
Corc 
Corc 
Corc 
Corc 
C m  
Core 
Core 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
S e d i i t  
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sedbncnt 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
:Sediment 
Sediment 
Sediment 
!iediment 
!Iediment 
!iedimcnt 
5icdimcnt 
Sediment 
Sediment 
? ; e d i t  
Sediment 
-Sediment 
Sediment 
Sediment 
Sediment 
S e d i i t  
Sediment 

DEPTH 

0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6' 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
0-6" 
24-48" 
W6" 
2448" 
0-6" 
24-48" 

DESIGNATION 

TA1-0-6 
TA1-24-48 
TAZ-0-6 
TAZ-24-48 
TA3-0-6 
TA3-24-48 
TA4-0-6 
TA4-24-48 
TA5-0-6 
TAS-24-48 
TB1-0-6 
TB1-24-48 
TB2-0-6 
TB2-24-48 
TB3-0-6 
TB3-24-48 
TB4-0-6 

PARAMETERS 

PAHs, Metals, PCBs, Grain size, TOC, 96 moisture, Toxicity 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moirture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAW, Metals, PCBs, Grain size, TOC, % moisture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture, Toxicity 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture, Toxicity 
PAHs, Metals, PCBs, TOC 
PAW, Metals, PCBs, Grain size, TOC, 96 moisture 

TB4-24-48 
TBS-0-6 
TBS-24-48 
TC1-0-6 
TC1-24-48 
TC2-0-6 
TC2-24-48 
TQ-0-6 
TQ-24-48 
TC4-0-6 
TC4-24-48 
TC5-0-6 
TCS-24-48 
TD1-0-6 
TD1-24-48 
TD2-0-6 
TD2-24-48 
TD3-0-6 
TD3-24-48 
TD4-0-6 
TD4-24-48 
TD5-0-6 
TD5-?A48 
TEI-0-6 
TE1-24-48 
TEZ-0-6 
TE2-24-48 
TE3-0-6 
TE3-24-48 
TE4-06 
TE4-24-48 
TFl-0-6 
TF1-2448 
TFZ-0-6 
TF2-24-48 
TF3-0-6 
TF3-24-48 

PAHs, Metals, PCBs, TOC 
PAW, Metals, PCBs, Orain size, TOC, 96 moisture, Toxicity 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture, Toxicity 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAW, Metals, PCBs, TOC 
PAW, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Cfrain size, TOC, 96 moisture 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAW, Metals, PCBs, Grain size, TOC, 96 moisture, Toxicity 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAHs, Metals, PCBs, TOC 
PAHs, Metals, PCBs, &in size, TOC, 96 moisture, Toxicity 
PAHs, Metals, PCBs, TOC 
PAW, Metals, PCBs, Orai size, TOC, 96 moisture 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs. Orain size, TOC. % moisture, Toxicity 
PAW, Metals, PCBs, TOC 

PAHs, Metals, PCBs, Grain size, TOC, 96 moisture 
PAX%, Mctrls, PCBs, TOC 
PAW, Mctalr, PCBs, Grain size, TOC, 96 moisture 
PAHa, Metals, PCBs, TOC 
PAHs, Mctalr, PCBs, Cirain size, TOC, 96 moisture 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Onin size, TOC, % moisture, Toxicity 
PAX%, Ma&, PCBs, TOC 
PAHs, Meds, PCBs, Grain size, TOC, % moirturc 
PAW, Metals, PCBs, TOC 
PAHs, Metals, PCBs, Grain size, TOC, % moisture, Toxicity 
PAW, Metals, PCBs. TOC 



TABLE 4-1 
SAMPLE DESIGNATIONS 

Groundwater 
Groundwater 
Groundwater 
Groundwater 

1 Groundwater 
Groundwater 
m round water 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
 roundw water 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
13roundwater 
Groundwater 
c3roundwater 
Groundwater 
Omundwater 
Groundwater 
(;roundwater 
(:roundwater 
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1 Bailer 
Bailer 
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~ a i l e r  
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~ a i l e r  
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Bailcr 
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Bailer 
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Bailer 
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Bailer 
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Bailer 
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Bailer 

Screcncd Interval 
~C-cd h k ~ d  

Screcncd Interval 
Scrccncd Interval 
Screened Interval 
Scrccncd Intcrval 
~ c m c d  h k ~ d  

Screened Intcrval 
Screcncd Interval 
Scrccncd Interval 
Screened Interval 
S c m c d  Interval 
Screcncd Interval 
Sc-cd Interval 
Screened Interval 
Screencd Interval 
S c m c d  Interval 
Scrccncd Interval 
S c m c d  Interval 
Screened Interval 
Scrccncd Intcrval 
Screened Interval 
Scrcmcd Interval 
Scrccncd Interval 
Scncacd Interval 
&TCUlCd h k ~ d  

Scrcmcd Intcrval 
Screened Interval 
Scrccncd Interval 
Screen4 Interval 
Scncacd Interval 
Scrccncd Interval 
Scrccncd Interval 
Scncacd Intcrval 
Scrccncd Interval 
Screened Interval 
Scrccncd h k ~ d  
~ ~ r r ~ n c d  h k ~ d  
Scncaed Interval 
Scrccncd Interval 
Screened Inttrval 
Screened Interval 
Sccncd Intcmd 
Scrrcncd Interval 
S c m c d  Interval 

wc-14s 
wc-15s 
PZ9D 
PZ16D 
PZ17D 
MW-I 
Mw-2 
MW-3 
m - 4  
ECD4 
LW-IS 
LW-IS1 
LW-2 
LW-3s 
LW-3SI 
LW4 
LW-5s 
LW-5SI 
LW-5D 
LW-5DI 
LW-6 
LW-7 
LW-8 
LW-9s 
LW-91 
LW-9D 
LW-10s 
LW-101 
LW-10D 
LW-11 
LW-I2 
LW-13 

VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
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VOs, Metals 
VOs, Metals 
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VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Metals 
VOs, Mctalr 
VOs, Metals 
VOs, Metals 
VOs, Metals 

S c m d c d  Interval 45 sampler 1 round of sampling per well 

NOTES: Metab = Priority Pollutant List Metals 
VOs = Target Compound rist Volatile Organica 
PCBs = Polychlorinated Biphenyls 
PA& = Target Compound List Polycyclic Aromatic Hydrocarbons 
TOC = Total Organic Cartson 
TBD = To Be Detcrmincd 
"a-b" code at end of soil sample designations indicates that the depth interval will be detmnincd in the field 
Totals do not include QAJCH: samplcs. 
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5.0 
MONITORING WELL INSTALLATION 

5.1 REGULATORY REQUIREMENTS 

There are no federal, state or local requirements for the installation of monitoring wells. 

5.2 UTILITY CLEARANCES AND PERMITS 

W-C will coordinate all utility clearances prior to drilling. If it is necessary to move a 

boring location in order to avoid utilities, a new location which satisfies the intent of the 

original location will be selected. W-C will take all reasonable precautions to protect 

persons and property near the drilling site. No local, state or federal permits are required 

for the installlaticm of monitoring wells in Connecticut. 

5.3 DRILLING METHODS AND DECONTAMINATION 

Pilot boreholes for monitoring wells will be drilled using hollow stem auger methods. The 

boring diameter (6-inches) will be sufficient to allow a 2-inch anular space between the 

boring wall and the sides of the riser and screen. 

Where deep piezometers or wells are to be installed, a working casing will be installed to 

prevent cross-contamination during drilling. The casing will be installed to two feet below 

the water table. The remainder of the boring will then be drilled with clean augers. 

All sampling eqiripment will be decontaminated according to Section 2.2 of SOP 7 in the 

CDAP. All drill pipe, drilling tools, etc. will be free of potentially contaminating materials 

and will be steam cleaned prior to use at each well location. The drilling rig will be free 

of leaks that could contaminate the bore holes. If needed, non-petroleum based grease will 

be used on drill pipe joints. 
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5.4 GEOTECHNICAL AND LITHOLOGIC SAMPLING 

Sampling for geotechnical analysis will be performed using a split spoon sampler or thin wall 

sampler according to ASTM D- 1586 and ASTM D-1587. Soil samples for lithologic logging 

will be collected every 2.5 feet for the fust ten feet and every five feet for the remaining 

depth of each boring. Soil samples will be visually classified in the field using the Unified 

Soil Classification System (ASTM D-2488). Samples representative of materials at the site 

will be retained for laboratory geotechnical testing. This testing will consist of grain size 

analysis (ASTM D-421 and -422), Atterberg Limits (ASTM D 43 18), and moisture content 

(ASTM D-22 16). 

5.5 BORING LOGS 

Logs will be prepared in the field as borings are drilled, by a qualified, experienced 

geologist or geotechnical engineer who will sign the log. Log entries will be preinted. One 

copy of each log will be sent to the USACE within five day of completion of field work. 

Borehole depth information recorde on the log will be from direct measurements accurate 

to one-tenth of a foot. Logs shall be prepared on HTW Drilling Log forms (SOP 1). The 

log scale will be 1 inch equals 1 foot. Each material type encountered will be described in 
column c of the log form. Unconsolidated materials will be described as follows: 

decsriptive USCS classification in accordance with ASTRM D-2488 - 84; 

consistency of cohesive materials or apparent density of non-cohesive 

materials; 
moisture content assessment; 

color; 

other descriptive features; and 
depositional type. 

Stratigraphic changes will be identified in column c of the log by a solid horizontal line at 

the appropriate scale depth on the log which corresponds to measured borehole depths at 
which the changes occur. Gradational transitions, or other changes identified through non- 
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'W' 
direct observations will be denoted with a horizontal ashed line at the appropriate depth 

based on the judgement of the logger. 

The depth intervals from which samples are retained will be identfied in columns e and f 

of the log. 

5.6 WELL DESIGN AND INSTALLATION 

5.6.1 Well Screen 

Well screens will be steam cleaned prior to installation. The well screens will consist of new 

2-inch OD factory slotted Schedule 40 PVC. The slot size of the screens will be determined 

in the field in consultation with the USACE. A bottom cap will be installed at the base of 

the screen. 

5.6.2 Filter Pack 

The annular space around the well screens will be bacWied with a clean, washed, well- 

rounded silica simd. The grain size of the filter pack will be selected based on the 

characteristics of the formation being screened and the well screen. A grain size 
distriburtion curve for each type of fiter pack used will be included in the final report. The 

filter pack will be tremied into place. The filter pack will extend approximately 1 foot below, 

and 2 feet above the well screen. 

5.6.3 Well Riser 

Well risers will be steam cleaned prior to installation. The well risers will consist of 2-inch 
I 

OD PVC. PVC pipe will be new threaded, flush joint Schedule 40. Riser sections will be 

joined by threaded fllush-joint couplings. 
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5.6.4 Well Plumbness and Alignment 

A 10-foot section of steam-cleaned pipe, one-half inch less in diameter than the inner 

diameter of the well riser, will be passed through the entire length of the well to check 

alignment. The results of the test will be recorded on the Daily Quality Control Reports and 

the installation diagram. 

5.6.5 Bentonite Seal 

A 2-foot thick bentonite seal will be tremied into place in the annular space above the well 

screen and filter pack sand. The seal will be composed of sodium bentonite pellets (less than 

112-inch diameter) or granules. The seal will be allowed to hydrate for at least 4 hours 

before the remaining annulus is grouted. If the seal is above the water table, granular 

bentonite will be added in 6-inch lifts with each lift hydrated with potable water for 30 
minutes between lifts. After the frnal lift is in place, the seal will be allowed to hydrate for 

2 hours before grouting. 

5.6.6 Annular Seal 

Cement grout will be placed above the bentonite seal to the ground surface. The grout will 

consist of a mixture of Portland Cement and water in the proportions of not more than 7 

gallons of potable water per 94 pound bag of cement plus 3 percent by weight of sodium 

bentonite powder. Grout will be placed by pumping through a side discharging tremie pipe 

with the lower end within 3 feet of the top of the bentonite seal. 

5.6.7 Protection of Well 

At all times during the intstallation of the wells, precautions will be taken to prevent 

tampering with the well, and the introduction of foreign materials and run-off. Upon 

completion, each well will be equippped with a water-tight cap and lock, and protected by 

a flush-mounted curb box. 
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5.6.8 Well Installation Diagrams 

Diagrams presenting the as-built configuration of each monitoring well well be prepared for 

inclusion in the Final Report. Two copies of the field well installation diagram will be 

completed and sent to the USACE within five days of completion of each well. The 

diagrams will include the following information: 

project and site name, well number and total well depth; 

depth of grouting or sealing, and the amount of cement andlor bentonite used, 
and the total boring depth; 

depth and type of well casing; 

static water level upong completion of the well, and after development; 

installation date, name of driller, name and signature of geologist; 

construction details 

description of sufrace completion 

description of difficulties encountered 

surveyed coordinates and elevation of top of ground an top of well riser (on 

fmal well installation diagram); and, 

a brief stratigraphic log. 

5.6.9 Temporary Capping 

Any well that is to be temporarily left incomplete for any reason will be capped with a 
watertight cap and equipped with a vandal proof protection. 

5.6.10 Identification of Wells 

A permanent corrosion resistant tag will be affied to the protective casing of each well to 

identify the well number, depth, date of instllation, the USACE, Omaha district, and the top 

casing elevation. The wells will be clearly identifled as groundwater monitoring wells. 
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5.6.11 Well Development 

Within one week after each well has been constructed, but no sooner than 48 hours after 

grouting is completed, the wells will be developed. Development will consist of mechanical 

surging and bailing for a minimum of 2 hours or until little or no sediment enters the well. 

No water will be introduced to the wells during development. The wells will then be 

continuously pumped using an electric submersible, or pneumatic drive positive displacement 

or bladder pump. Temperature, pH, specific conductivity, and turbidity will be monitored 

at the rate of 1 reading per well volume pumped. Pumping will continue until these 

parameters have stabilized (less than 0.2 pH units or a 10 percent change for the other 

parameters between four consecutive readings). If these parameters have not stabilized after 

4 hours of continuous pumping, then the USACE will be contacted for further direction. 

After development is complete, a sample of the last water withdrawn from the well will be 

collected in a clear glass jar. The jar will be immediately labeled and photographed. The 

photograph will be attached to the well installation diagram. After the photograph is taken, 

the nephelometric turbidity of the water will be determined in accordance with ASTM D- 

1889 and recorded on the well installation diagram. 

5.6.11.1 Well Develo~ment Records 

A well development form will be prepared and completed for each monitoring well installed. 

The forms will include the following: 

name of project and site, well number, dates of development; 

date, time and elevation of the static water level and bottom of well before 

develpment ; 

development method and equipment; 

development duration by method, including pumping rates, if appropriate; 

volume and chmcter of water removed; 

estimated volume and chmter of sediment removed; 

clarity of water at various stages of development; 
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total depth of well and water level immediately after, and 24 hours after 

development; 

pH, conductivity, temperature and turvbidity readings; 

names and job titles of develpers; 

disposition of water removed from wells. 

5.6.12 In-situ Permeability Testing 

After development of the monitoring wells, each new well will be slug tested. Only rising 

head tests will be performed in wells which are screened across the water table. 

5.6.13 Water Source 

A municipal water source will be used for drilling, steam cleaning and other necessary field 

activities. A sample of this water will be collected at the source and from the support 

vehicle used to transport water. These samples will be analyzed for the same parameters as 

the groundwater simples. 

5.6.14 Monitoring Well Log Book 

A log book will be maintained to record all personnel who access the monitoring wells, and 

to record lock-out tag numbers. The book will also provide a detailed description of the 

decontamination procedures required for any equipment that enters the well. 

5.6.15 Site Restoration 

The site will be restored to its condition prior to field work within 5 days of the completion 

of the site investigation. Drums will be moved to a pre-determined area specified by 

Textron for tempo:rary storage. Drums will be placed on wooden pallets. 
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6.0 
GROUNDWATER SAMPLING 

6.1 WATER LEWLINAPL MEASUREMENT 

Immediately prior to purging monitoring wells a complete round of groundwater elevation 

and non-aqueous phase liquid (NAPL) thickness measurements from all newly installed and 

existing wells will be performed. The water level, NAPL thickness, date and time of 

measurement, weU depth, and weather conditions at the time of measurement will be 

recorded. The measurements will be made as quickly as possible within a 24 hour period. 

6.2 WELL PURGING 

After development, all wells will be allowed to stabilize for a minimum 2-week period prior 

to sampling. Volumes to be purged will be determined by measureing the depth to water and 

total well depth using an electronic water level meter. Prior to purging, the presence of 

NAPLs at the top and bottom of the water column in each well will be determined. If 

NAPLs are present, the USACE-'I'M will be contacted for further instructions. The well will 

be pumped or bailed with clean equipment to remove at least three well volumes of water. 

Specific conductivity, pH, temperature, and turbidity will be measured at the start of purging 

and twice per casing volume removed. Purging will continue beyond three well volumes 
until these parameters have stabilized (less than 0.2 pH units or +/- 10 percent for other 

parameters between four consecutive readings). If the well does not recharge fast enough 
to permit removing three well volumes, the well will be pumped or bailed dry and sampled 

as soon as sufficient recharge has occurred. 

6.3 SAMPLE COLLECTION 

Samples will be collected within 2 hours of purging each well. Samples will be collected 

with disposable bailers as described in the CDAP (SOP 3). 
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7.0 

SOIL SAMPLING 

7.1 SAMPLE COLLECTION 

Soil samples for chemical analysis will be collected using a stainless steel split spoon 

sampler. Samples will be collected immediately upon opening the split spoon, and as soon 

as possible after the split spoon is taken from the boring. If the sample volume is not 

adequate, another sample will be collected from immmediately below the previous sample. 

A clean stainless steel spoon will be used to transfer soil from the split spoon to the 

laboratory container. Samples for volatile organic analysis will be collected first, followed 

by samples for metals analysis. 

7.2 HEADSPACE SCREENING 

Headspace screening is not required in the site specific section of the Scope of Services for 

this project. Soil samples for chemical analysis are to be collected from a specxed depth, 

not based on headspace screening. 
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8.0 
SEDIMENT SAMPLING 

Sediment for chemical and physical analyses will be collected using cellulose acetate butyrate 

(CAB) core tubes. The core tubes will be pushed into the sediment to the specified depth 

by hand. If sediment from the specKied depth can not be obtained using the hand-push 

method, a vibratoly motor collar will be attached to the core tube and the sample will be 

collected by vibrac:oring. Sediment for laboratory analysis from each depth increment will 

be transferred to separate stainless steel bowls. Additional cores will be collected, if 

necessary, to provide a sufficient quantity of sediment from each depth increment for 

chemical and physical analyses. The sediment from each depth increment will be 

homogenized (sepiuately) before being transferred to jars with a stainless-steel spoon. 

Sediment for toxicity testing and benthic community characterization will be collected using 

a standard Ponar grab sampler. The sediment collected for toxicity testing will be 

transferred to a stainless-steel bowl before being transferred to laboratory-supplied plastic 

jars. Sediment for benthic community analysis will be transferred to a 500 micron mesh 

sieve, and will be sieved to remove fine sediment. Any organisms, detritus, or sediment 

which remains on the sieve after sieving will be placed into plastic collection jars and 

preserved with a 1.0% formalin solution. 
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9.0 

SAMPLE HANDLING AND ANALYSIS 

A sample numbering system will provide a tracking mechanism to allow retrieval of each 

sample, and information concerning the sample location and description. A unique sample 

identification number is assigned to each sample as presented on Table 4-1. Chain-of- 

custody (COC) forms will be used to document the possession of the samples from collection 

by the field sampling team through shipping, storage and analysis, to data reporting by the 

laboratory. 

Appropriate procedures and safeguards shall be used for all sample packaging and shipping 

activities. Sample analyses will be performed by a certified laboratory approved by the 

USACE and the State of Connecticut. The laboratory will comply with all appropriate 

quality assurance/cplity control requirements of the USACE. Laboratory procedural details 

will be submitted and samples will be analyzed using the EPA SW-846 methodologies. 

The CDAP and the SOPS present detailed information concerning the sample handling and 

analysis procedurc:~ and requirements. 
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10.0 
GENERAL PROCEDURES 

1 0  1 INVESTIGATION DERIVED WASTES 

Groundwater generated during well development and purging, and drill cuttings generated 

during boring installation will be stored in appropriate drums on site. The disposition of the 

drums will be determined based on analytical results. Composite samples will be collected 

from drums of like material (i.e. water or soil) within each area of concern. These samples 

will be analyzed fbr waste classification using Toxicity Characteristic Leaching Procedure 

(TCLP). W-C will handle all aspects of the disposal of contaminated materials, except for 

selecting the disposal company and signing manifests. 

10.2 SURVEYING 

Well locations will be located vertically and horizontally by a licensed surveyor. Ground 

elevations will be measured to the nearest 0.1 ft  and well casings to the nearest of 0.01 ft. 
The locations and elevations will be plotted on existing site plans at a scale of 1 inch 

represents 100 ft. 
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1.0 
INTRODUCTION 

1.1 PROJECT BACKGROUND 

Project background information for SAEP and the Phase 11 Remedial Investigation (RI) is 
contained in Sections 1.0 and 2.0 of the Phase 11 RI Work Plan. 

1.2 CHEMICAL DATA ACQUISITION PLAN (CDAP) DESCRIPTION 

This CDAP has been prepared based on the requirements presented in the Scope of Work 

for Phase 11 Remedial Investigation, June 1994 issued by USACE for Delivery Order 
Number 32 under Contract Number DACW45-93-D-0005 and the USACE guidance 

document entitled Engineering and Design-Chemical Data Oualitv Management for 

Hazardous Waste Remedial Activities, October 1. 1990 ER-1110-1-263. 

Many of the procedures for conducting the field activities for the RI are described in the 

Standard Operating Procedures (SOPS) presented in Attachment A of this CDAP. 

This CDAP, the Work Plan, and the Field Sampling Plan (FSP) have been prepared with the 

intention of being interdependent. The three documents should be used in conjunction with 

each other in order to perform and complete the RI activities. The purpose of the Work Plan 

is to present the project background; scope of work, descriptions of SAEP and summarizing 

the results of the: 1992 Remedial Investigation. The FSP identifies and describes the field 

sampling progmn for this RI. This CDAP presents the specific methodology to be used to 

conduct the field sampling program activities. The procedures for monitoring and obtaining 

high quality data are also presented in this CDAP. 

The proposed laboratory for conducting chemical analyses is Nytest Environmental, Inc. 

(NEI), Port Washington, New York. NEI was approved and validated by the USACE for 

the 1992 Remedial Investigation activities. Copies of the NEI Laboratory QAJQC Manual 

will be sent to USACE and MRD upon request. 
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1.3 SITE DESCRIPTION AND HISTORY 

A description of the site conditions and a history of activities and investigations at SAEP is 

presented in the Work Plan. A physiographic description of SAEP and the surrounding area 

is also presented in the Work Plan. 

1.4 WORK PLAN SCHEDULE 

The proposed schedule for the Phase II RI activities is presented in Figure 5-1 of the Work 

Plan. This schedule is based on the date of authorization by USACE to proceed with the RI 

activities. Anticipated milestones in the schedule such as deliverables, documents, and the 

initiation or completion of major project activities are identified. 

Mobilization for site investigation activities should commence upon receipt of authorization 

to proceed by the USACE. Investigation and analysis activities are expected to extend for 

about ten months. The entire RI is estimated to be completed within 15 months. 

II 
The proposed schedule represents an aggressive approach to meet overall project objectives. 

Attainment of the project schedule goals is partially dependent upon expedited regulatory 

review and US ACE review. 
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2.0 

DATA QUALITY OBJECTIVES 

2.1 REMEDIAL INVESTIGATION OBJECTIVES 

The primary objective of Phase I1 of the Remedial Investigation (RI) at SAEP is to 
determine the extent of contamination identified in sediment and groundwater in Phase 

I of the RI, and the effects of contamination on biota. This information will be used to 
develop a Baseline Risk Assessment for the site. 

Specific objectives of this Remedial Investigation include the following: 

a Determine pertinent parameters of any contamination found 

(type, concentration, location). 

• Characterize the physical properties of the soil and 

sediment material sampled. 

a Study the hydrogeological conditions in new areas of 

groundwater investigation. 

2.2 DEVELOPMENT OF DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are defined as qualitative and quantitative statements 
which specify the quality of the data required to support decisions regarding remedial 
investigation activities. DQOs are determined based on the end uses of the data to be 
collected and, therefore, vary with each intended use. 

Data will be generated and collected to provide information concerning the biota, soil, 
sediment, and groundwater characteristics at the facility. The following data needs are 
identified for this RI: 
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evaluate characteristics of soil and sediment, including chemical and 
physical properties, and contaminant concentrations, if any; 

identify depth to groundwater, selected aquifer characteristics, 
groundwater flow direction, and chemical contamination of groundwater, 
if any; and, 

identify contaminants in biota, if any. 

2.2.1 General Data Quality Needs 

Factors involved in assessing the level of chemical data quality include appropriate 
analytical levels, contaminants of concern, and concentrations expected or appropriate 
detection limits, and samples designated as critical. The following sections describe the 

intended level of data quality determined as appropriate for the SAEP RI. The 
contaminants of concern and the concentrations expected are discussed in the Work 

Plan. 

2.2.1.1 Analvtical Level 

The following are the general analytical levels, as defined by the EPA, with respect to 
data quality. 

• Level I - Samples are field screened or analyzed using portable 

instruments. Results are often not compound specific and not 

quantitative, but are available in real-time, and provide initial screening 

information. These results are also used in modifying health and safety 
procedures. Field screening is the least costly of the analytical options. 

Level I1 - Samples are analyzed in the field using more sophisticated 
portable analytical instruments; in some cases, the instruments may be set 
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up in a mobile laboratory on site. There is a wide range in the quality of 
da.ta that can be generated. The quality of the data depends on the use 
of suitable calibration standards, reference materials, sample preparation 
equipment, detection limits, interference factors, and training of the 
operator. Results are available in real-time or within several hours. 

Level I11 - Samples are analyzed in an off-site analytical laboratory. Level -- 
111: analyses may or may not use Contract Laboratory Program (CLP) 
procedures; but, although QA/QC may be rigorous, Level I11 analyses do 
not usually use the validation or documentation procedures required of 
Level IV (CLP) analysis. Generally, USEPA SW-846 methodologies with 
specified QA/QC protocols fall into this level. 

-- Level IV - CLP Routine Analytical Services (RAS). All samples are 
analyzed in an off-site CLP analytical laboratory following CLP protocols. 
Level IV is characterized by rigorous QA/QC protocols and documen- 
tation. 

- V - Analysis by nonstandard methods. Samples are analyzed in an 
off-site analytical laboratory which may or may not be a CLP laboratory. 
Method development or method modification may be required for specific 
constituents or detection limits. CLP Special Analytical Services (SAS) 
are Level V. 

Table 2-1 presents a typical characterization of these levels. In general, for the Phase 
11 RI, Level I is to be used for field screening of samples, and for health and safety 

purposes. Level I1 is appropriate for some field geotechnical analyses and some field 
screening proceclures. Level 111 is appropriate for all samples sent off site for chemical 
analysis. Levels IV and V will not be used for the activities proposed in this Work Plan 

for the RI. Further details of the analytical levels selected for site investigation activities 
are discussed in Section 4.0. 
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2.2.1.2 Detection Limit Reauirements 

The primary data for this RI will be from Level I11 analysis. The detection limits 
required for Level I11 analysis are determined by the analytical method and on a site- 
specific basis dependent upon the contaminants of concern, and the applicable or 
relevant and appropriate requirements (ARARs). Details of method and site-specific 
detection limits are addressed in Section 6.0. 

2.3. QUALITY ASSURANCE OBJECTIVES 

The overall QA objective for the RI at SAEP is to develop and implement procedures 
for sampling, laboratory analyses, field measurements, and reporting that provide data 
to a degree of quality consistent with their intended use. The sample set, chemical 
analysis results, and interpretations must be based on data that meet or exceed quality 
assurance objectives established for the project. Quality assurance objectives for field 
measurement systems are also an important aspect of these investigations. These 
objectives for non-chemical data are discussed in the appropriate SOPS. The following 
sections discuss field and laboratory analytical measurements. 

Quality assurance objectives are usually expressed in terms of accuracy, precision, com- 
pleteness, representativeness, and comparability. Target ranges for these objectives are 
presented for analytical testing and field measurements. Variances from the quality 
assurance objectives result in the implementation of appropriate corrective measures and 

an assessment of the impact of corrective measures on the usability of the data in the 
decision-making process. 

2.3.1 Level of Effort 

2.3.1.1 OC Effort 

Field duplicates and field blank samples will be collected and submitted to the analytical 

laboratory to provide a means to assess the quality of the data resulting from the field 
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sampling program. Field duplicate samples will be analyzed to check for sampling and 
laboratory reproducibility. Field blank samples will be analyzed to check for procedural 
contamination and cross-contamination. Matrix spike (MS), matrix spike duplicate 
(MSD), and laboratory control samples will be analyzed to assess whether recoveries 
falling outside acceptance criteria are attributable to sample matrix interferences and not 
to laboratory analytical errors, as well as to measure the precision of the analysis. The 
general level of this QC effort for the SAEP RI will be a minimum of one field duplicate 
collected for every 20 investigative soil, sediment, and groundwater sample collected and 
analyzed for chemical parameters. The actual frequency may be higher and will be 
determined in accordance with site-specific objectives. At least one field rinsate blank 
sample will be collected for each media sampled. One matrix spike and one matrix 

spike duplicate sample will be analyzed for each matrix per analytical batch, which is 
usually set at a maximum of 20 samples per batch. 

The level of QC: effort provided by the laboratory will be equivalent to the level of QC 
effort specified in USEPA SW-846, Third Edition. The level of laboratory QC effort 

!I required for specific analytical parameters is summarized in Table 2-2. 

The QC level of effort for the field measurement of pH consists of premeasurement 
calibration and postmeasurement verification using a standard reference solution at least 
once per day or one in 20 samples. The QC effort for field conductivity and salinity 
measurements will include daily calibration of the instrument, using standard solutions 
of known conductivity and salinity- as specified in SOP No. 3. 

2.3.1.2 Q4 Effort 

Field duplicates and replicates may be collected for specific parameters and submitted 
to an independent government quality assurance laboratory. The USACE has chosen 
the Missouri River Division (MRD) Laboratory for this project. QA samples shall be 

collected and su.bmitted as directed by the USACE MRD project manager. 
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2.3.2 Measurement of Data Quality Objectives 

2.3.2.1 Accuracv 

Accuracy is the degree of agreement of a measurement to an accepted reference or true 
value. An evaluation of the accuracy of a measurement system provides an estimate of 
bias. Sources of error which affect accuracy are the sampling process, field 
contamination, sample handling, sample matrix, sample preparation and analysis 
techniques. 

Analytical Accuracy 

The accuracy of an analytical method is evaluated by analyzing known reference 
standards, and is reported as the percent recovery of an analyte which has been added 
to the environmental sample at a known concentration before analysis. Analytical 
accuracy may be assessed through the use of QC sample (laboratory control samples and 
surrogates) and matrix samples. The percent recovery achieved by analysis of known 11 
reference standards, laboratory control, or spiking compounds will be used to define the 
accuracy for the compounds of interest. One known reference standard is analyzed for 
every batch of 20 samples. 

The estimated ranges of accuracy for each measurement parameter are defined within 
the analytical test methods. Acceptable accuracy measures are also dependent on the 

sample matrix. Accuracy criteria (percent recovery) for the parameters to be analyzed 
by the analytical laboratory are provided in the NEI Laboratory QA/QC Manual. 

Accuracy will be expressed as percent recovery for laboratory control samples and 
surrogates as follows: 

Percent Recovery = Xx 100 
T 

where X - the observed value of measurement - 
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T - - "true" value 

These recoveries will be compared with the method and laboratory control limits and 
the outliers will. be assessed in conformance with other QC data. If the surrogate 

percent recovery limits are exceeded, the data will be assessed. 

The matrix spike and matrix spike duplicate sample results will be used to calculate the 

percent recovery as an indicator of matrix effects as follows. 

Percent Recovery = - X-S x 100 

(for matrix spikes) T 

where X = observed value after spike 

S = sample value 

T = amount spiked 

tw The matrix spike and matrix spike duplicate percent recoveries will be compared against 

the methods and laboratory limits. 

Sample Collection Accuracy 

Sampling accuracy can be assessed by evaluating the results of trip and rinsate blanks. 

These blank samples would be included in sample batches to ensure that all samples 
represent the p,articular site from which they were sampled and to assess any cross- 
contamination that may have occurred. 

T r i ~  Blank A trip blank is a pre-cleaned and pre-certified, 40 rnl VOC sample vial filled 

with contarnina~lt-free water at the laboratory. The trip blank is shipped to and from 

the field with the sample containers. It is not opened in the field and therefore provides 

a test for contamination from sample preservation, site conditions and transport as well 

as sample storage, preparation and analysis. A trip blank is normally only analyzed for 
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VOC. A trip blank will be submitted at a frequency of one per sample cooler which 
contains samples for volatile organic compounds analysis for the laboratory. 

Rinsate Blank A rinsate blank is prepared in the field by pouring "clean" deionized, 

distilled or High Performance Liquid Chromatograph (HPLC) grade water over or 
through sample collection devices or equipment. A rinsate blank is sometimes referred 

to as an equipment blank, field blank, or wash blank. A rinsate blank will be prepared 

at a frequency of one per media sampled and is analyzed for the analytes being sampled 
for by the sampling equipment. 

The accuracy of field measurements such as pH will be assessed through 
premeasurement calibrations and postmeasurement verifications, using at least two 
standard buffer solutions. The two measurements must each be within 0.1 standard unit 
of buffer solution values. 

2.3.2.2 Precision 

Precision is the measure of variability between individual sample measurements under 
prescribed conditions. Precision can be assessed by replicate measurements of known 

standards and analysis of duplicate environmental samples. Replicate samples are 

compared by calculating the sample standard deviation, while the precision of duplicate 

samples is expressed as relative percent difference (RPD). 

Replicate measurements of known standards (laboratory control samples) are routinely 

monitored by the laboratory by comparing the RPD with control limits established at 

plus three standard deviations from the mean RPD of historical data. 

Precision will. be expressed as relative percent difference (RPD) for duplicate 

environmental samples and for duplicate control samples, as follows: 
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where S = first sample value (original) 
D = second sample value (duplicate) 

The RPDs will he compared against the limits in the NEI Laboratory QA/QC Manual 
and data assessment will be conducted as specified in Section 7.0. 

Analytical Precision 

Analytical precision is much easier to control and quantify than sampling precision. 

Analytical precision will be determined through the use of matrix spikes and matrix spike 

duplicates for the analytical work performed. Precision of analytical results will be 

evaluated as the relative percent difference or relative standard deviation from the mean 

of replicate analyses. 

Matrix h i k e  A matrix spike (MS) is an environmental sample to which known 

concentrations of analytes have been added. The MS is taken through the entire 
analytical procedure and the recovery of the analytes is calculated. Results are 

expressed as percent recovery of the known amount spiked. The MS is used to evaluate 
the effect of the sample matrix on the accuracy of the analysis. In addition matrix spike 
duplicates (MSI)) will be obtained. In order to verify that poor recoveries (recoveries 
out of control limits) are due to matrix effect and not lab error for either the MS or the 
MSD the laboratory will be required to run a blank (deionized water) spiked at the same 
level as the MS. WC will not require that this analysis be reported, but the lab must be 

able to prove that poor spike recoveries are not a result of lab error. To ensure that MS 

samples adequately represent all matrices sampled, MS analysis will be conducted at a 

rate of one per matrix per batch of 20 samples. The analysis will be designated on the 

chain-of-custody by field sampling personnel. The lab will plot MS data with control 

charts. Extra sample volume will be collected for MS samples. A determination will be 
made in the field concerning representative matrices to ensure that MS samples 

adequately represent all matrices sampled. 
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Matrix S ~ i k e  Du~licate A matrix spike duplicate (MSD) is another aliquot of the same 
environmental sample as the MS which is spiked with known concentrations of analytes. 
The two spiked aliquots are prepared and analyzed separately and the results compared 
to evaluate the effects of the matrix on the precision and accuracy of the analysis. 
Results are expressed as relative percent differences (RPD) between the duplicate 
samples analyzed and percent recovery. MSD's will be analyzed at a rate of one per 
batch of 20 samples. The analysis will be designated on the chain-of-custody by field 
sampling personnel. Extra sample volume will be collected for MSD samples. 

Sample Collection Precision 

Sampling precision may be determined by collecting and analyzing collocated or field 
duplicate or replicate samples and then creating and analyzing laboratory replicates for 
one or more of the field samples. During the collection of field instruments, precision 
will be checked by reporting several measurements taken at one location during the 
same sampling event and comparing the results. 

Field Du~licate A field duplicate is an environmental sample which is divided into two 
separate aliquots. The aliquots are processed separately and the results are compared 
to evaluate the effects of the matrix on the precision of the analysis. Results are 
expressed as RPD between the duplicate aliquots analyzed. Duplicate field samples will 
he obtained at a rate of one per twenty environmental samples or one per batch of 
samples submitted to the lab, whichever is greater. Field duplicates will not be 
designated on the chain-of-custody by field sampling personnel but will be submitted to 
the laboratory blind (the laboratory will not know the corresponding field sample for the 

duplicate). 

Precision of field measurements such as pH will be assessed through replicate 
measurements. The electrode will be withdrawn, rinsed with deionized water, and 

reimmersed between each replicate measurement. The instrument used will be capable 
of providing measurement to 0.1 standard unit, however, a pH change of up to 0.5 pH 

units between replicates is possible due to potentially rapid equilibration of the sample 
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with atmospheric carbon dioxide. A replicate measurement will be taken at least once 
per day or one in 20 samples. 

Completeness is a measure of the amount of data from a given measurement system that 
is considered valid based on the prescribed data quality objectives. The completeness 
goal is to generate a sufficient amount of valid data to support the RI objectives. 

The data set must contain all QC analyses verifying precision and accuracy for the 
analytical protocol. In addition, all data are reviewed in terms of stated goals in order 
to assess the sufficiency of the data base. 

The analytical completeness will be calculated by the ratio of the sum of the acceptable 
and estimated analytical results to the total number of analytical results requested on 
samples submitted for analysis. 

crll 
% Completeness = Accepted Analytical Results + Estimated Analytical Results 

Total Number of Analytical Results Requested 

The goal for all measurement systems is 100% completeness, that is, all the data should 
be valid. This is not always the case. The acceptability of less than 100% complete data 
will be reviewed on a case-by-case basis. The acceptability will be based largely on the 

significance of a particular measurement system to the project goals. 

Representativeness is .the degree to which data accurately and precisely represent a 
characteristic oE a population, parameter variations at a sampling point, or an 
environmental condition. Representativeness is a qualitative parameter which is most 
concerned with the proper design of the sampling program. The representativeness 

criteria may also be satisfied by making certain the sampling locations are selected 
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properly and that a sufficient number of samples are collected. The rationale used to 

select sampling locations is described in the Work Plan and the Field Sampling Plan. 

Duplicate or co-located samples will be collected and used as a means to assess field 
representativeness. By definition, duplicate samples are representative of a given point 

in space and time. Representativeness will also be maintained during the sampling effort 

by sampling in compliance with the procedures described in the Field Sampling Plan and 

SOPS in Attachment A to this CDAP. 

Comparability expresses the confidence with which one data set can be compared to 

another. Comparability can be related to accuracy and precision as these quantities are 
measures of data reliability. Data are comparable if siting considerations, collection 

techniques, and measurement procedures, methods, and reporting are equivalent for the 

samples within a sample set. A qualitative assessment of data comparability will be 
made of applicable data sets. 
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TABLE 2-1 
SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO DATA USES 

DATA USES ANALYTICAL TYPE OF ANALYSIS LIMITATIONS DATA QUALITY 
LEVEL 

Site Characterization, Level I - Total organiclinorganic vapor - Instruments respond to - If instruments calibrated 
Monitoring during detection using portable naturally-occurring and data interpreted 
Implementation instruments compounds correctly, can provide 

indication of contamination 

Site Characterization, Level I1 - Variety of organics by GC; - Tentative ID - Dependent on QAIQC steps 
Evaluation of Alternatives, inorganics by AA; XRF employed 
Engineering Design, Moni- - Techniqueslinstruments 
toring during - Tentative ID; analyte-specific limited mostly to volatiles, - Data typically reported in 
Implementation metals concentration ranges 

- Detection limits vary from low 
ppm to low ppb 

Risk Assessment, PRP Level I11 - Organics/inorganics using EPA - Tentative ID in some cases - Similar detection limits to 
Determination, Site procedures other than CLP can CLP 
Characterization, Evalu- be analyte-specific 
ation of Alternatives, - Can provide data of same - Less-rigorous QAIQC 
Engineering Design, - RCRA characteristic tests quality as Levels IV, V 
Monitoring during 
Implementation 

Risk Assessment, PRP Level IV - HSL organicslinorganics by - Tentative identification of - Goal is data of known 
Determination, Evaluation GCIMS; AA; ICP non-HSL parameters quality 
of Alternatives, 
Engineering Design - Low ppb detection limit - Some time may be required - Rigorous QAIQC 

for validation of packages 

Risk Assessment, Level V - Nonconventional parameters - May require method - Method-specific 
PRP Determination dcveiop~ncnlimodifications 

- Method-specific detection limits 
- Mechanism to obtain services 

- Existing methods modification requires special lead time 
- Appendix 8 parameters 

Source: EPA Data Quality Objectives for Remedial Response Activities; EPA/540/G-871003, March 1987 
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TABLE 2-2 

QUALITY CONTROL LEVEL OF EFFORT FOR ANALYTICAL TESTING 

=QUALITY CONTROL MEASURE FREQUENCY 

Metals Calibration Blank (ICP and AA) 

Initial Calibration Verification (ICP and AA) 

Continuing Calibration Verification (ICP and 
AA) 

Preparation Blank (ICP and AA) 

Matrix Spike Analysis (ICP and AA) 

Matrix Spike Duplicate 

Duplicate or Replicate Sample Analysis (ICP 
and AA) 

Laboratory Control Sample Analysis (ICP 
and AA) 

Analytical Spike (AA-Furnace) 

Serial Dilution (ICP) 

Interference Check Sample (ICP) 

Each calibration, beginning and end of 
each run, 10 % frequency 

Daily for each instrument setup 

Beginning and end of each run; 10% 
frequency or every 2 hours 

One per analytical batch' 

One per 20 samples of each matrix 

One per 20 samples of each matrix 

One per 20 samples 

One per analytical batch' 

Each sample (at least a single analytical 
spike will be performed to determine if 
the method of standard addition is 
required for quantitation) 

One per sample delivery group 

Beginning and end of each run or twice 
per 8-hr shift, whichever is more 
frequent 

Volatile Organic 
Compounds, 
Semivolatile 
Organic 
Compounds, and 
Polychlorinated 
Biphenyls 
(PCBs) 

Laboratory Blank 

Continuing Calibration 

Laboratory Control Sample 

Second Column Confirmation 

Matrix Spike Analysis 

Matrix Spike Duplicate Analysis 

Surrogate Spike 

One per analytical batch' 

Daily and each instrument setup 

One per analytical batch' 

Gas chromatography methods, where 
appropriate (i.e., pesticides) 

One per matrix per batch (20 samples) 

One per matrix per batch (20 samples) 

Each sample, where appropriate (e.g., 
semivolatiles) 

' An analytical batch consists of 20 samples or less, prepared or analyzed together with a common QC sample. 

'W 
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3.0 
PROJECT ORGANIZATION AND RESPONSIBILITY 

The project organization identifies the responsibilities of individuals involved in this 

Remedial Investigation project. The project organizational structure and personnel 

responsibilities are designed to provide adequate project coordination and control and 

proper quality ,assurance for the Remedial Investigation activities at SAEP. The 

responsibilities of key personnel are described below. The organizational structure is 
shown on Figure: 3-1. Individual personnel assignments to the project organization may 

be changed at the discretion of the W-C Program Manager and W-C Project Manager. 
Upon request, resumes of key personnel will be submitted to USACE for review and 

approval. The analytical laboratory internal organizational structure will be provided in 
the NEI Laboratory QA/QC Manual submitted under separate cover. 

3.1 RESPONSIBILITIES OF KEY PERSONNEL 

lmf The responsibilities of key W-C personnel are described in the following sections. 

3.1.1 Program Manager/Responsible Professional 

The Program Manager has overall responsibility for all activities on the project and 

reporting of project status and progress to the USACE. The Program Manager monitors 
progress of the project work and provides supenision and support to the Project 

Manager. The Program Manager has overall responsibility for the development of the 

Work Plan, for .monitoring the quality of the technical and managerial aspects of the 
project, and, where necessary, for implementing corrective measures. 

3.1.2 Project Manager 

The Project Manager (PM) has primary responsibility for the coordination, 

implementation, and completion of the scope of work and all activities on the project. 

The Project Manager is responsible to the Program Manager and the USACE for day-to- 
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day control of planning, scheduling, cost control, and implementation of the project. The 

Project Manager also supervises the timely development and delivery of the technical 

reports, and other project documents. The Project Manager assigns and monitors all 

project personnel in planning, coordinating, and controlling all technical aspects of the 
tasks, and is responsible for maintaining the quality of the work product, schedule and 
budget control, and communications with USACE Project Manager and other key staff 
personnel. 

3.1.3 Project QA/QC Officer 

The Project QA/QC Officer reports to the Program Manager and works directly with 

the Project Manager and other project personnel. Overall responsibility of the QA/QC 

Officer is to implement the quality assurance program, and monitor and verify that the 
work is done in accordance with the Field Sampling Plan, the CDAP, the Standard 
Operating Procedures, and other applicable procedures. The QA/QC Officer also has 

the following responsibilities: to assess the effectiveness of the QA/QC program; to 
recommend modifications to the program when applicable; for verifying that personnel 

assigned to the project are trained and indoctrinated relative to the requirements of the 
QA/QC Program; for reviewing and verifying the disposition of nonconformance and 

corrective action reports; and for periodic quality assurance audits. 

The QA/QC Officer advises the Project Manager on implementation of the QA/QC 

program, but the QA/QC functions of the QA/QC Officer are independent of the 

Project Manager. The QA/QC Officer is responsible for coordination of QA sample 

collection and delivery and data submittal to the Government Quality Assurance 

Laboratory (USACE Missouri River Division Laboratory). The QA/AC Officer will also 

designate and oversee the activities of the QA/QC Coordinator. 

3.1.4 Project Safety and Health Officer 

The Project Safety and Health Officer (PSHO) reports to the Program Manager and 

works directly with the Project Manager and other project personnel. The PSHO has 
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the responsibility to monitor and verify, by conducting periodic audits and reports from 
the Site Safety and Health Officer (SSHO), that the field activities are conducted in 
accordance with the Site Safety and Health Plan (SSHP) written for this remedial 
investigation. The PSHO will advise the Project Manager regarding health and safety 
issues, but will function independently of the Project Manager. The PSHO will also 
designate and oversee the activities of the SSHO. 

3.1.5 QA/QC Coordinator 

A QA/QC Coordinator will be appointed by the QA/QC Officer, with approval by the 
Program Manager, to review, monitor, and report on the conformance to QA/QC 
program require:ments for specific project activities or tasks. A QA/QC Coordinator 
may audit activities and will report audit findings to the QA/QC Officer. As QA/QC 
Coordinator, the designated staff member may also do project-related work, but may not 
do quality-monitoring on his or her own work. As a QA/QC Coordinator, the 

designated staff member may also advise the field personnel on QA/QC methods and 
practices, and conduct field audits of project activities. The QA/QC Coordinator will 
maintain a record of quality-monitoring activities and will inform the QA/QC Officer 

of these monitol-ing activities. 

3.1.6 Site Safety and Health Officer 

The Site Safety and Health Officer (SSHO) monitors all site activities and is responsible 
for the imp1eme:ntation of the Site Safety and Health Plan (SSHP). The SSHO reports 
directly to the Project Health and Safety Officer (PHSO), and works with the Project 
Manager and Task Leaders to ensure overall compliance with the SSHP. A detailed 
description of the PSHO and SSHO responsibilities is presented in the SSHP. 

3.1.7 Technical Task Leaders 

Technical Task Leaders will be chosen by the Project Manager with approval by the 
Program Manager and will be assigned to work on various tasks as deemed necessary 
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by the Project Manager. Each Task Leader is responsible to the Project Manager for 
planning, scheduling, cost control, and completion of assigned project tasks. The Task 
Leader is responsible for implementing the QA/QC program as it relates to assigned 
tasks for the project. 

3.1.8 Field Manager 

The Field Manager (FM) will be appointed by the Project Manager with approval by the 
Program Manager, and will be responsible for coordinatir~g all field activities. The Field 
Manager will work with the Technical Task Leaders, and will schedule field activities 
with the project staff assigned by the Project Manager. The Field Manager will also 
work with the Site Safety and Health Officer and the QA/QC Coordinator to accomplish 
the objectives of all aspects of the work plan, including this CDAP, as they pertain to 
field activities. 

3.1.9 Project Staff 

Project staff members are chosen by the Project Manager. Each member of the project 
staff is responsible to the Field Manager or Project Manager for completion of assigned 
project activities. Members of the project staff are responsible for understanding and 
implementing the QA/QC program as it applies to their project activities. 

3.1.10 Data Reviewers 

Data Reviewers are chosen by the Project Manager and the Project QA/QC Officer and 
report directly to the Project QA/QC Officer. Responsibilities of the Data Reviewers 

include, but are not necessarily limited to: 

verifying measurement system calibration; 

auditing quality control activities; 

screening data sets for outliers; 
auditing field sample data records and chain-of-custody forms; and 
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a checking calculations. 

The primary task of the Data Reviewers is to quantitatively and qualitatively assess 

chemical data reported by the laboratory. 

Data quality review of laboratory analytical data will be accomplished by the Data 

Reviewers. Data quality review of non-laboratory data will be accomplished by a 

professional qualified for that task (i.e., geologic data will be reviewed by a geologist). 
The appropriate data reviewer will review the data results and data collection procedures 
for compliance with established quality control criteria. The data quality reviewers will 
report to the Project Manager and Project QA/QC Officer. 

3.2 SUBCONTRACTORS 

Implementation of the Work Plan and the RI activities will require subcontractors for 

fw providing additional project support for services such as: 

Laboratory chemical analysis of soil, sediment, biological, and groundwater 

samples; 
Classification of soil samples; 

Drilling borings and monitoring well installation and development; and, 
Surveying of sample and monitoring well locations and elevations. 

Training and q~~alifications of subcontractor personnel is assumed through certifications 
and licenses which are issued by regulatory agencies. Equipment, including related 
health and safety items, required for field activities performed by subcontractors, will be 

supplied by the subcontractors. 

Nytest Environmental Inc. (NEI) of Port Washington, New York has been selected as 
the subcontract laboratory for chemical analysis of samples. The procurement of the 

other subcontractors will occur during the mobilization phase of this project. Selection 

of subcontractors will be made based on the responses submitted for the bids prepared 
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for various project activities. The names of the subcontractors selected will be submitted 
to the USACE Project Manager, if requested. 

The QA/QC Coordinator and Field Manager will be responsible for compliance to the 
Work Plan, the CDAP, and QA/QC requirements by the field subcontractors. The 
Project QA/QC Officer will be responsible for verifying laboratory compliance to the 
QA/QC program for this project. Laboratory personnel which have primary 
responsibility of ensuring adherence to the QA/QC of the project and the laboratory 
QA/QC program are identified in the laboratory Quality Management Plan. 

3.3 QUALIFICATIONS OF PERSONNEL 

All personnel assigned to the project, including subcontractors, will be qualified for the 
task to which they are assigned. Appraisal of the qualification of technical personnel 

assigned to the project will be made by the Project Manager. The appraisal will include 
comparison of the requirements of the task assignment with the relevant experience and 
training of the prospective personnel. All documents concerning qualification appraisal 
will be stored in the project administrative files. 
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4.0 
FIELD ACTIVITIES 

4.1 SAMPLING OBJECTIVES 

The sampling ac:tivities described in this section are designed to determine the extent of 
contamination identified in sediment and groundwater in the Phase I Remedial 
Investigation, and the effects of the contamination on biota in the intertidal flats and the 
Housatonic River and connected waterways adjacent to the site. In addition to 

determining contamination, the investigation will include a study of the site 
hydrogeology. Details on the sampling activities are provided in the Field Sampling Plan 
(FSP). If unforeseen circumstances necessitate major deviations from the procedures 
described below and in the FSP, the USACE TM will be notified. Changes and 
modifications will be subject to USACE approval and documented in writing. 

'w The USACE TM and MRD laboratory will be notified one week in advance of all 
sample collection activities. 

All field personnel conducting sample collection activities are required to conform to the 
health and safely procedures and requirements described in the Site Safety and Health 
Plan (SSHP). 

Specifications and detailed procedures for sampling and associated field activities are 
described in the Standard Operating Procedures (SOPS) that are presented in 
Attachment A. Analytical requirements are presented in Section 6.0 of this CDAP. 

4.2 SAMPLE LOCATION AND FREQUENCY 

All sample locations are presented on Figures 3-1 and 3-2 of the FSP. The projected 
numbers of samples to be collected for each media, including QC samples, are presented 
in Tables 4-1, 4-2, 4-3, 4-4, 4-5, and 4-6. 
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4.3 SAMPLING EQUIPMENT AND PROCEDURES 

General descriptions of sampling equipment and procedures for collecting samples are 

described in Section 5 of the FSP; details of the same are provided in the SOPS in 
Attachment A to this CDAP. 

4.4 SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

It is expected that the laboratory will supply sample containers precleaned and packaged 
according to EPA specifications. Precautions will be taken to avoid sample container 
contamination. 

The general requirements for sampling containers, preservation and holding times, along 
with site-specific requirements, are shown in Table 4-7 and are detailed in Appendix D 
of ER 1110-1-263. 

4.5 DECONTAMINATION 

All sampling equipment will be decontaminated to prevent cross-contamination of 
samples. The equipment will be decontaminated before entering the sampling location, 
between intrusive activities, and before equipment is removed from the site. All 

decontaminated equipment will be inspected prior to use by WCC personnel. 
Decontamination of personnel and equipment will be performed at specified 
decontamination areas as determined by the Field Manager and Site Safety and Health 
Officer. Specific procedures for decontamination are provided in SOP No. 7. Personnel 
decontamination procedures are outlined in the Site Safety and Health Plan (SSHP). 
Personnel decontamination will occur to comply with the SSHP and to prevent cross- 

contamination of samples. 
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4.6 FIELD DOCUMENTATION 

Various types of documentation will be produced during the RI, with a majority being 
field documentation from field activities. The primary documentation is described in the 
following sections. Other documentation may be produced as necessary during the RI 
and will be consistent with the standards and requirements presented within this CDAP 
and associated SOPS. 

4.6.1 Field Logbook 

Details of field documentation are provided in SOP No. 6. Bound hardcover field 

logbooks will be used to record all pertinent field data and observations made during the 
field activities. The pages of the notebook will be consecutively numbered and will not 
be removed. Documentation in the field logbook will be of sufficient detail to 
reconstruct pertinent sampling activities of a later date. Entries into the field logbook 

' rlY 
will include, but are not necessarily limited to, the following information: 

P1:oject name and number 
T,ask or activity description 
Date and time 
Si~mple location 
Sample identification number 

Simple depth 
Number of aliquots 
Media type 
Sampling personnel present 
Field measurement data 
Type of health and safety clothing/equipment used 
Analyses requested 
Time of sample collection 

Sample preservation, field observations, to include soil description (if 

relative) 
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Weather conditions 
Photographic information 
Other project-specific information 

In addition, field sketches will be made in the field logbooks, when appropriate, and will 
be referenced to existing permanent structures in the area (i.e., trees, fence posts, 
buildings). 

All entries will be made in blue or black ink and no erasures will be allowed. If an 
incorrect or unreadable entry is made, the information will be crossed out with a single 
strike mark and the change initialed and dated by the team member performing the 

change. 

Each page in the field logbook will be signed and dated in the top margin by all persons 

making entries on that page. 

Field logbooks will be identified by a project-specific number (i.e., Logbook No. 1 for r 
Project Number C3MllLL, etc.), and will be stored in the field project files when not 
in use. At the completion of the field activities, the logbooks will be maintained in the 

permanent project file. A photocopy of all field notebooks, logs, etc., will be provided 
to the USACE upon request. 

4.6.2 Boring Logs 

Boring logs will be completed for each boring by qualified personnel. An example 
boring log and the information to be included on each boring log is located in SOP 
No. 1, in Attachment A. 
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4.6.3 Monitoring Well Construction Log 

A log documenting well construction will be completed for each monitoring well installed 

on the site. An example log and a summary of the information to be included on each 
log can be found in SOP No. 2, in Attachment A. 

4.6.4 Well Development Log 

A well development log will be completed to document the well development procedures 
followed for each monitoring well installed. An example well development log and a list 
of information to be included on these logs can be found in SOP No. 2, in 

Attachment A. 

4.6.5 Water Level Data Sheet 

' w All water level measurements will be recorded on a water level data sheet. These sheets 
will include all pertinent information concerning water levels, field measurements, and 

monitoring wells. An example data sheet can be found in SOP No. 5. 

4.6.6 Photographic Documentation 

Pertinent field activities and sample locations will be documented with representative 
photographs. ?'he picture number and roll number will be logged in the field logbook 
to identify the ;uea and activity depicted in the photograph. A separate photographic 
documentation logbook will be maintained by the Field Manager in charge of the site 
investigation. 'The film roll number will be identified by taking a photograph on an 
information sign as the first frame of the roll. The project and film roll numbers and 
date will be shown on this sign. The picture number, roll number, and a description of 
the picture will be logged in the photographic documentation logbook as well as the 
Daily Quality Clontrol Report (DQCR), if appropriate. All photographs will be stored 

in the project file. 
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Videotape recording cameras may also be used during some field activities to provide 
an additional type of documentation. Videotapes will be labelled with pertinent project 
information and stored in the project file. 

The use of all photographic equipment will be subject to approval by Alliedsignal. 

4.7 FIELD SURVEY 

An elevational and horizontal control survey will be extended to all sample locations, 
including sediment sampling locations and monitoring wells. Permanent survey points 
will be established at the site for future reference. The accuracies established for the 
surveys will be f 0.1 foot (vertical control) and f 1.0 foot (horizontal control) for all 
sample locations and ground surface measurements at monitoring wells. The well 
casings will be surveyed with an accuracy of 0.01 foot (vertical control). Vertical and 
horizontal locations will be referenced to permanent survey points. 

4.8 FIELD INSTRUMENT PREVENTATIVE MAINTENANCE AND 

CALIBRATION 

All field instrumentation, equipment, and accessories will be maintained in accordance 
with the manufacturer's recommendations and specifications, and established field 
practice. Table 4-8 summarizes field equipment calibration procedures. 

The calibration and general maintenance of field instrumentation will be the 
responsibility of the field team member, under the direction of the Field Manager and 
Site Safety and Health Officer. All documentation pertinent to the calibration and/or 
maintenance of field equipment will be maintained in a field logbook. Entries made 
into the logbook regarding the status of any field equipment will contain, but are not 
necessarily limited to, the following information: 

I 

• Date and time of calibration 
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a Name of person doing calibration; type of equipment being s e ~ c e d ,  and 

identification number (such as serial number) 
Reference standard used for calibration (such as pH of buffer solutions); 

a Calibration and/or maintenance procedure used 
a 0 ther pertinent information 

Equipment that fails calibration and/or becomes otherwise inoperable during the field 

investigation will be removed from service and segregated to prevent use. Such 
equipment will be properly tagged to indicate that it should not be used until the nature 
of the problem can be determined. Failed equipment will be repaired or recalibrated 
and may be useti after approved for use by the Field Manager or Site Safety and Health 
Officer prior to placement back into service. Equipment that cannot be repaired or 
recalibrated with minimum delay will be replaced. 
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TABLE 4-1 

PROJECTED TOTAL NUMBER OF SAMPLES FOR CHEMICAL ANALYSIS AND TESTING 

NOTES: 
MS/MSD = Matrix Spike 1 Matrix Spike Duplicate (number shown is sets of two samples ). 
The number of samples are estimated; actual numbers of field samples will be dependent on the field conditions. 
Actual total numbers of trip blanks will be dependent on the number of days required for sample collection. 
Analyses for all samples (except trip blanks): 
Trip blanks samples w ~ l l  be analyzed for TCL Volatile Organic Cornpou~ids only. 
The number and type of Quality Assurance samples (collocated split or replicate samples) proposed to be collected were requested by USACE. 
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TOTAL 
NUMBER OF 

SAMPLES 

14 

109 

82 
66 
15 

20 

2 

308 
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TYPE OF 
SAMPLE 

(MATRIX) 

SOIL 

GROUNDWATER 

SEDIMENT 
Chemical 
Physical 
Toxicity Testing 

BIOLOGICAL 

SOURCE WATER 

TOTALS 

-- QUALlTY ASSURANCE SAMPLES NUMBER 
OF FIELD 
SAMPLES 

5 

67 

66 
66 
15 

18 

2 

239 

No. of 
Splits 

1 

6 

6 
0 
0 

0 

0 

13 

No. of 
Trip Blanks 

1 

6 

0 
0 
0 

0 

0 

7 

QUALITY CONTROL ..-- SAMPLES 
No. of Trip 

Blanks 

3 

20 

0 
0 
0 

0 

0 

23 

No. of Field 
Duplicates 

1 

6 

6 
0 
0 

0 

0 

13 

No. of MSIMSD 
Samples 

2 

3 

3 
0 
0 

2 

0 

10 

No. of Field 
Rinsate Blanks 

1 

1 

1 
0 
0 

0 

0 

3 





TABLE 4-2 
PROJECTED TOTAL NUMBER OF CHEMICAL ANALYSES FOR 

MONITORING WELL SOIL SAMPLES 

NOTES: 

One soil sample will tle collected from each well cluster. 
The number of samples are estimated; actual numbers of field samples will be dependent on the field coriditions. 
Actual total numbers of trip blanks will be dependent on the number of days required for sample collection. 
NA = not applicable 

1 
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TOTAL 
NUMBER OF 
ANALYSES 

2 

4 

2 

MONITORING WELL 
SAMPLE 

LOCATIONS 
Northwest Corner of Facility 

1 well 
Access Road 

(5 wells 
North Parking Lo1 

:! wells 
West Parking Lot 
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11 wells 
FIELD SAMPLE TOTALS 

QAIQC SAMPLES 
Field Duplicates 
Field Rinsate Blanks 
Trip Blanks 
Matrix Spike 
Matrix Spike Duplicate 
Splits 
QA Trip Blanks 

QAIQC SAMPLE TOTALS 

TOTAL OF ALI, SAMPLES 
L 

ANALYTICAL 
TCL Volatile 

Organics 

1 

2 

1 

PARAMETERS 
Priority Pollutant 

Metals 

1 

2 

1 

1 
5 

1 
1 
3 
1 
1 
1 
1 
9 

14 

1 2 
5 

1 
1 

NA 
1 
1 
1 

NA - 
5 

10 

10 

2 
2 
3 
2 
2 
2 
1 

14 

24 





TABLE 4-3 
PROJECTED TOTAL NUMBER OF CHEMICAL ANALYSES 

FOR GROUNDWATER SAMPLES 

EXISTING WELLS 

QAIQC SAMPLES 

NOTES: 
The number of samples are estimated; actual numbers of field samples will be dependent on the field conditions. 
Actual total numbers of trip blanks will be dependent on the number of days required for sample collection. 

* Two rounds of gro~mndwater samples will be collected form the new wells. 
The number indic:ated on the table is for both rounds 

NA = not applicable 
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TABLE 4-4 
PROJECTED TOTAL NUMBER OF CHEMICAL ANALYSES 

FOR SEDIMENT SAMPLES 

I SEDIMENT t ANALYTICAL PARAMETERS 
SAMPLE PAHs I Polychlorinated I Priority Pollutant 

LOCATIONS 

NOTES: 
Sediment samples will be collected from two depths at each location. 
The number of samples are estimated; actual numbers of field samples will be dependent on the field conditions. 
Actual total numbers of frip blanks will be dependent on the number of days required for sample collection. 

( 

TOTAL 
NUMBER OF 
ANALYSES Semivolatile Organics 
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Intertidal Flats / Housatonic River 
30 locations 

Upstream / Upgradient 
2 locations 

Downstream 1 Downgradient 
I location 

FIELD SAMPLE TOTALS 

QAIQC SAMPLES 
Field Duplicates 
Field Rinsate Blanks 
Trip Blanks 
Matrix Spike 
Matrix Spike Duplicate 
Splits 
QA Trip Blanks 
QAIQC SAMPLE TOTALS 

TOTAL OF ALL SAMPLES 

Woodward-Clyde 
August 1994 

Biphenyls (PCBs) Metals (total) 

60 

4 

2 

66 

6 
1 
0 
4 
4 
6 

0 - 
21 

87 

60 

4 

2 

---. 
66 

6 
1 

NA 
4 
4 
6 

NA ---.- 
21 

87 

60 

4 

2 

- --- 
66 

6 
1 

NA 
4 
4 
6 

----- N A 
2 1 

87 





TABLE 4-5 
PROJECTED TOTAL NUMBER OF TESTS FOR SEDIMENT SAMPLES 

I TEST PARAMETERS 

30 locations 

QAIQC SAMPLES 

- 

NOTES: 
The number of samples are estimated; actual numbers of field samples will be dependent on the field conditions 
-4ctual total numbers of trip blanks will be dependent on the number of days requ~red for sample collect~on. 

Sediment samples will be collected from two depths at each location. 
NA = Not Applicable; NR = Not Requested 
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TABLE 4-6 
PROJECTED TOTAL NUMBER OF CHEMICAL ANALYSES 

FOR BIOLOGICAL SAMPLES 

SAMPLE 
LOCA'IIONS 

Intertidal Flats / Housatonic River 
5 locations 

Upstream / Upgradient 
1 location 

QAIQC SAMPLES 
Field Duplicates 
Field Rinsate Blarlks 
Trip Blanks 
Matrix Spike 
Matrix Spike Duplicate 
Splits lr TripJ3lanks 
QAIQC SAMPLE TOTALS 

 TOTAL OF ALI, SAMPLES 

ANALYTICAL PARAMETERS I TOTAL ."- - -  - 

~ o l ~ m l  Priority Pollutant I NUMBER OF 

NOTES: 
NA = Not applicable NR = Not requested 

The number of samples are estimated; actual numbers of field samples will be dependent on the field conditions. 

Three replicate samp11:s will be collected from each field location. 
Selected metals are: c.admium, chromium, nickel, lead, and mercury. 

Biphenyls (PCBs) 

w 
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TABLE 4-7 
SAMPLE CONTAINER, PRESERVATION, AND HOLDING TIME REQUIREMENTS FOR 

CHEMICAL ANALYSES OF SAMPLES 

NOTES: 
TCL = Target Compound List NA = Not Applicable HCL = Hydrochloric acid 
Analytical methods are from USEPA SW-846, "Test Methods for Evaluating Solid Waste, 3rd =tion, Update I, July 1992. 
Priority Pollutant Metals are antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, thallium, and zinc. 
The method numbers listed in brackets are for arsenic, lead, mexury, selenium, and thallium respectively. 

Methods listed for metala are for analyeis only; Table 6-1 list all extraction I digestion and analyticcll methods. 
Extraction holding times are elapsed days from the date of umple collection to the date of extraction. Analysis holding times are elapsed days from the date of extraction to the date of analysis. 
The holding time for mercury is 28 days. 
Plastic indicates high density polyethylene. 
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TABLE 4-7 

ANALYTICAL 
METHOD 

GROUNDWATER 

NUMBER, VOLUME, AND TYPE 
OF CONTAINERS PER SAMPLE 

14 days 

6 months 

PRESERVATION 

TCL Volatile Organics 

Priority Pollutant Metals 
(unfiltered) 

4 degrees Celsius and 
4 drop KCL to pII < 2 

Nitric acid to pH < 2 

SOIL 1 SEDIMENT 

NA 

NA 

8240 

6010 
[7060, 7421,7470, 7740,78411 * 

(2) - 40 milliliter glass vials with 
Tefion-iind aepk lib 

(1) - one quart plastic 
or (1) - one liter plastic 

14 days 

6 months 
[mercury = 28 days] 

40 days 

40 days 

4 degrees Celsius 

4 degrees Celsius 

4 degrees Celsius 

4 degrees Celsius 

(2) - 40 milliliter glass vials with 
Teflon-lined septa lid 

(1) - 8 ounce wide-mouth 
glass bottle 

with Teflon-lined lid 

TCL Volatile Organics 

Priority Pollutant Metals 

Polycyclic Aromatic 
Hydrocarbons (semivolatile) 
Polychlorinated Biphenyls (PCBs) 

BIOLOGICAL 

NA 

NA 

14 days 

14 days 

8240 

60 10 
[7060, 7421,7471, 7740, 78411 * 

3540 
8270 
3550 
8080 

7 

Cadmium, chromium, nickel, 
lead, and mercury 

Polychlorinated Biphenyls (PCBs) 

6010 
7421, 7471 

3550 
8080 

(1) - 4 ounce wide-mouth glass bottle 
with Teflon-lined lid 

or 
wrap in two layers of aluminum foil 
and place in a reclosable plastic bag 

< 0 degrees Celsius 

< 0 degrees Celsius 

NA 

14 days 

6 months 
[mercury = 28 days] 

40 days 





- 
TABLE 4-8 

SUMMARY OF FIELD EQUIPMENT CALIBRATION AND MAINTENANCE REQUIREMENTS 

ECN.JIPMENT TASK FREQUENCY' MAINTENANCE 

OVA 1. Make sure hydrogen tank is full and allow instrument to warm Before each day's use Charge battery daily 
up for 15 min. after turning on. 

2. Perform calibration check by introducing a known methane Before each day's use 
standard and adjusting instrument to correspond to calibration 
standard. 

3. Zero the instrument Periodically during use 

HNu 1. Perform internal calibration. Weekly Charge battery daily 

2. Introduce a known isobutylene standard and adjust Before each day's use 
instrument to correspond to calibration standard. 

3. Zero instrument. Periodically during use 

Salinity - Specific 1. Obtain correction factor by checking observed reading Prior to each sampling Check batteries 
Conductivity - against 3-point known standard solutions. event daily 
Temperature Meter 

2. Zero check. Periodically during use 

pH Meter 1. Immerse electrodes in buffer solution at pH 7 and adjust meter Before each day's use Check batteries 
to proper reading. Rinse electrodes and immerse daily 
in buffer solution at pH 4 and pH 10 and adjust meter to proper 
reading. 

2. Repeat above procedures until readings are within 0.05 pH units Before each day's use and 
of the buffer solution values. ,411 buffer solutions and rinses periodically during use 
should be at the same temperature. 

Site specitic conditions may warrant a higher frequency 
NOTE: Additional equipment may be required during field activities. Calibration and maintenance will be performed as specified in manufacturer's manual 

or in guidance documents. 
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5.0 
SAMPLE IDENTIFICATION, HANDLING, AND DOCUMENTATION 

5.1 SAMPLE: IDENTIFICATION AND LABELING 

A sample numbering system will provide a tracking mechanism to allow retrieval of each 
sample, and information concerning the sample location and description. A unique 

sample identification number will be assigned to each sample, and this number will be 
recorded on the sample label and all documentation associated with the sample. 

Procedures for this sample numbering system are provided in SOP No. 6. 

5.2 SAMPLE CHAIN-OF-CUSTODY PROTOCOL 

5.2.1 Field 

The primary purpose of the chain-of-custody (COC) procedures is to document the 
possession of the samples from collection by the field sampling team through shipping 

'W 
storage and analysis. COC forms will become the permanent records of all sample 
handling and shipment. The Field Manager or designee will be responsible to the 
Project Manager for monitoring compliance with COC procedures. These procedures 
are described i11 detail in SOP No. 6. 

5.2.2 Laboratory 

Procedures for laboratory chain-of-custody, sample storage, and dispersement for analysis 
and associated (locumentation to be performed by laboratory personnel will be provided 
in the NEI Laboratory QA/QC Manual. 

5.3 PACKAGING AND SHIPPING 

Appropriate procedures and safeguards shall be used for all sample packaging and 
shipping activities. These procedures, described in SOP No. 6, shall be followed to 
ensure the integrity of all samples shipped for laboratory analysis. 

~lr 
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6.0 
LABORATORY PROCEDURES 

6.1 LABORATORY ANALYTICAL PROCEDURES 

The general laboratory procedures anticipated for the remedial investigation at SAEP 
are summarized in Tables 6-1 and 6-2. The specific analyses for sampling locations are 

defined in Section 4.0 and in the FSP. Included in these procedures are method-specific 
data quality objectives that would be applicable whenever a particular method is 
specified in Section 4.0. Specific laboratory practices for the methods listed below, 
including sample preparation, sample tracking, and documentation will be provided in 
the NEI Laboratory QA/QC Manual. 

6.1.1 Volatile Organics 

Volatile organics include compounds among varying classes such as halogenated 
organics, nonhalogenated organics, and aromatic organics. The first two classes generally 
contain contaminants associated with solvents, such as TCE, MEK, acetone, etc. The 

(UP third class includes compounds associated with fuels, such as benzene, ethylbenzene, 

toluene, and xylene (BETX). The volatile organic method (SW-846 8240) listed in Table 
6-1 employs mass spectrometry (MS) for detection. This method is indicated where the 
volatile contaminants are not known. The GC/MS has the capacity for positive 
identification at relatively low detection limits. This methodology is also indicated where 
its capability for tentative identification of nonlisted compounds is desired. Compounds 
generally analyzed by GC/MS are presented with associated reporting limits in the NEI 
Laboratory QA./QC Manual. 

6.1.2 Semivolatile Organics 

Method 8270 (SW846) is a GC/MS method for determining extractable baselneutral 
and acid compounds in sample extracts that have been extracted by Methods SW846- 
3510-3520 for aqueous or by Methods SW846-3540/3550 for solid samples. This 
procedure will include the general classes of compounds of polynuclear aromatic 

hydrocarbons (PAHs). These compounds are generally less volatile, with Method 8270 



applicable for detection. The list of analytes and reporting limits are presented with the 

NEI Laboratory QA/QC Manual. w 
6.1.3 PCBs 

The highly chlorinated arochlors (PCBs) are persistent in the environment and, 
therefore, more available for exposure or bioaccumulation. SW846 Method 8080, with 
the associated sample extraction (SW-846 3540/3550 for solid samples) is indicated for 
potential areas contaminated with PCBs. 

Method 8080 is a gas chromatographic method employing an electron capture detector 

or an electrolytic conductivity detector. The general analyte list and associated reporting 
limits for soil and water are provided in the NEI Laboratory QA/QC Manual. 

6.1.4 Metals 

The metals analyses for the RI at SAEP shall include the Priority Pollutant list specified 

in Table 6-1. Interpretation of metals data can be complex, particularly when 
background and/or naturally occurring levels complicate the analysis. r 
The methodology for metals analyses is provided in Table 6-1. Factors which influence 
the use of particular methods are detection limits, interference, and stability. 

Most metals, with a few exceptions (see Table 6-I), are detected at levels appropriate 
for DQOs by inductively coupled plasma emission spectroscopy (ICP). Method 6010 
(SW846) is indicated for water and soil (after appropriate sample digestion, see 
Table 6-1) for ICP analysis. Atomic absorption (AA) methods for arsenic, lead, mercury, 
selenium, and thallium are indicated to achieve the lower detection limits. The reporting 
limits for the various ICP and AA methods are presented in the NEI Laboratory 

QA/QC Manual. 

The methods of choice for arsenic, lead, selenium, and thallium are non-ICP due to 
inherent analytical interferences which, consequently, elevate instrument detection limits. 
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Non-ICP methods for these metals are indicated for regulatory purposes, particularly in 
'YY' groundwater. 

6.1.5 Additionrtl Analyses 

The soil, sediment, and biological tissue samples will also be analyzed for percent 
moisture in accordance with the appropriate analytical method procedures for each 
analysis. 

The laboratory shall also calculate and report percent lipids for all biological tissue 
samples. The procedure developed by the laboratory for calculating the percent lipids 
shall be based on one or more of the following reference documents: 

USEPA, March 1989, Second Printing, Methods for Analysis of Water and 
Wastes, 60014-79-020, "Method 413.1, Oil and Grease Total Recoverable". 

USEPA, July 1992 Update, Test Methods for Evaluating Solid Waste, 

Phvsical/Chemical Mehtods, SW-846,3rd Edition, "Method 9071, Oil and - 
Grease Extraction Method for Sludge Samples". 

NOAA, Technical Memorandum NOSORCA 76, "Sampling and Analytical 

Methods of the National Status", Fren Program National Benthic 
Silrveillance and Manual Watch Project, 1984-1992, Volume VI. 

Randall, 1991, "Evaluation of Selected Lipid Methods for Normalizing 
Pollutant Bioaccumulation", Environmental Toxicology and Chemistry, 

Volume 110. Issue 11, pp. 1431-1436. 

6.2 LABORATORY INSTRUMENT CALIBRATION AND 

PREVENTATIVE MAINTENANCE 

The laboratory will follow the method-specific procedures for calibration, preventative 
or unscheduled maintenance, and corrective action related to instruments and equipment 

used for chemical analysis. This section identifies the general issues which must be 
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addressed by the laboratory to meet the minimum requirements of the project. The 

Laboratory QA/QC Manual also includes information relevant to calibration and 

preventative maintenance. 

6.2.1 Calibration and Frequency 

The majority of laboratory chemical analyses of samples use the following instruments 

and equipment: 

GC (Gas Chromatography), 

GCIMS (Gas ChromatographyIMass Spectrometry), 

HPLC (High Performance Liquid Chromatography), 

ICP-AE (Inductively Coupled Plasma-Atomic Emission Spectroscopy), 

GFAA (Graphite Furnace Atomic Absorption Spectroscopy), 

CVAA (Cold-Vapor Atomic Absorption Spectroscopy), 

Each instrument is calibrated prior to the analyses being performed using criteria 

prescribed in the appropriate laboratory SOP or method. The calibration is then verified 

using standards from an independent source. The linear range of the instrument is 

established using a linear range verification check standard and the instrument detection 

limit (IDL) will be determined using USEPA-approved methods. No values are reported 

above this upper concentration value without dilution and values between the required 

detection limit and the instrument detection limit will be noted with the appropriate 

qualifiers. Both the linear range studies and the instrument detection studies will be 

documented and readily available for auditor review. For ICP-AE methods, interference 

check standards (interelement check standards) shall be run at the beginning of each 

analytical run. Any results outside of established criteria shall result in re-analysis. 

6.2.2 Preventative Maintenance 

1 

The laboratory is responsible for the maintenance of its laboratory equipment. 

Preventive maintenance will be provided on a scheduled basis to minimize down time 

and the potential interruption of analytical work. All instruments will be maintained in 

accordance with manufacturer's recommendations and good laboratory practice. 
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'1111 Designated laboratory personnel will be trained in routine maintenance procedures for 

all major instrumentation. When repairs become necessary, they will be made by either 

trained staff or trained service engineersttechnicians employed by the instrument 

manufacturer. The laboratory shall have multiple instruments that will serve as backup 

to minimize the potential for down time. All maintenance and analytical runs will be 

documented and kept in permanent logs. These logs will be available for review by 

auditing personnel. 

Both scheduled maintenance and unscheduled maintenance required by operational 

failures will be recorded. The designated laboratory operations coordinator will review 

maintenance records on a regular basis to ensure that required maintenance is occurring. 
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TABLE 6-1 

- 
TCL Volatile Organics 

//priority Pollutant Metals 

SUMhURY OF ANALYTICAL METHODS 
FOR 

CHEMICAL ANALYSES OF SAMPLES 

Arsenic 
Lead 

Mercury 
Selenium 
Thallium 

Polycyclic Aromatic 
Hydrocarbons (semivolatile) 

II~ol~chlorinated Biphenyls (PCBs) 

ANALYTICAL 
TECHNIQUE 

GCIMS 

ICP 

GFAA 
GFAA 
cv 

GFAA 
GFAA 

GCIMS 

- - 

EXTRACTION AND ANALYSIS METHOD ................. . .......................... .. ............................................. .. ............................................... 
Groundwater j Soil 1 Sediment f Biological Tissue 

8240 8240 NA 

NOTES: 'I NA = Not applicable; the media is not being analyzed for that analytical parameter. 
TCL = Target Compound List 
GCMS = gas chromatography I mass spectrometry 
GC = gas chromatography 
ICP = inductively coupled plasma 
GFAA = graphite furnace atomic absorption 
CV = cold vapor 
Analytical methods are from WSEPA SW-846, "Test Methods for Evaluating Solid Waste, 3rd Edition, Update I, July 1992. 
Biological methods are modifitd from the SW-846 methods. 
Where two method numbers are indicated, the extractionldigestion method is listed first. 
Soil, sediment, and biological tisaue samples will also be analyzed for percent moisture. 
Priority Pollutant Metals are arrtimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, 

nickel, selenium, silver, thallium, and zinc. 
The biological tissue srrmples will also be analyzed for percent lipids using a procedure based on one or more the references listed in Section 6.1.5. 

II 
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TABLE 6-2 
SUMMARY OF TEST METHODS 

FOR SEDIMENT SAMPLES 

I METHOD OR TECHNIQUE 

PHYSICAL 
Grain Size 

Percent Moisture 
Total Organic Matter 

ASTM Method D 422 

ASTM Method D 2974-87 

I ~ O X I C I T Y  I ASTM Method E 1367-90 

NOTES: 

3IOLOGICAL 
Macroinvertebrates 

Biological method is sieving, washing, sorting, counting, and preserving the macroinvertabrates 

llrr 

From USEPA documents: 1) EPAl60014-901030, November 1990; 
"Macroinverterbrate Field and Laboratory Methods for Evaluating 
the Biological Intergrity of Surface Water." 
and 2) EPA-67014-73-001, July 1993; "Biological Field and Laboratory 
Methods for Measuring the Quality of Surface Waters and Effluents." 
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7.0 
'w DATA MANAGEMENT, REDUCTION, VALIDATION, AND REPORTING 

7.1 DATA MANAGEMENT 

During the Remedial Investigation (RI), large amounts of various types of data will be 

generated. At a minimum, data gathered as a part of the RI will consist of field 

observations, fie:ld data sheets, field log books, boring logs, results of geotechnical soil 
testing, chemical data from analysis of soil, sediment, and groundwater, field parameter 

measurements, maps, drawings, and documents. Procedures that will be used to 

physically manage and present project related data and information are described below. 

7.1.1 Sampling Data Management 

The intent of these sampling data management procedures is to maintain accurate 

records of all samples taken and to follow the disposition of the samples and analytical 
results, while minimizing the duplication of record keeping activities and the possibilities 

for errors. 
YllJ 

The tabulation and flow of all sample data management information can be broken 
down into the following activities: 

assignment of sample numbers, sample label preparation, and initiation of 

permanent record keeping; 

labeling of sample bottles; 

sampling and in-the-field record keeping; 

sample receiving and preparation for shipping; and 

completion of sample record book. 
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7.1.2 Record Keeping During Sampling 

Prior to collecting samples, the Task Leader or Field Manager will assign a sample 
number and a description to all samples to be collected. Sample numbers will be 
assigned according to the procedures presented in SOP No. 6. The sample number and 
corresponding description will be entered into a permanent sample record book. The 
information in the record book will then be written onto the appropriate sample label. 

The labels for samples and a copy of the record book pages that include these numbers 
will be given to the sampler. This individual is responsible for completing all labels on 
the appropriate types of bottles. A copy of the record book pages that include 
information about the samples will also be given to the person collecting the samples in 
order to provide a list of samples to check off during the sampling activity. 

The individual(s) performing the sampling is (are) responsible for verifying that each 
sample is put in the appropriate sample bottle. At the time of sampling this person must 
complete the sample label. By the end of the sampling day, the sampler must return all 
samples to the Task Leader or Field Manager, who will oversee preparation of the 
samples for shipment (i.e., review chain-of-custody (COC) forms, inspect packaging, etc.). 

The person responsible for shipping the full sample bottles will compare the sample 
bottles with the appropriate sample record book pages. This person will then prepare 
the samples for shipping. All samples sent to laboratories will be recorded on a COC 
form; the originals must accompany the samples, and copies will be sent to the Field 
Manager to include in the appropriate project files. 

When the samples are ready to be shipped to the laboratory, the Field Manager or Task 

Leader will examine the samples and note their condition. Information including the 
date sampled, time sampled, and method of preservation, for each sample will be 

entered in the.sample record book. 

At the time the samples are shipped, the Task Leader will have a copy of the pages in 
the sample record book that include information on the sample numbers and the 
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corresponding illformation on the date sampled, time sampled, and the date shipped. 
W P  Detailed procedures for sample handling and shipping are presented in SOP No. 6. 

7.1.3 Document Control 

The project file will be maintained in the office and will contain the following types of 
items: 

hard copies of original data; 
computer diskette copies of data; 
engineering calculations; 
data summaries; 
reports; 
original figures and maps; 
memoranda; 
telephone conversation records; 
correspondence; and 
supporting documents, when appropriate. 

If a document is removed from the project file, a sign-out card will be inserted in its 
place. The card will identify the item removed, person removing it, and date of removal. 

Original documents and correspondence will be date stamped upon arrival and will be 
stored in the appropriate dedicated document file. Those materials will be circulated 
to the appropriate personnel as determined by the Project Manager. 

In all cases, the original paper copies of documents, analytical reports, and other 
information generated during the RI will be stored in the project files. Original, 

unaltered copies will be maintained independent of any working copies or later 

generations of the data. 

Results of prevj.ous investigations and background information or documents that will 
be used to support the RI will also be stored in the project file. 
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All graphics generated through use of computer software will be accompanied by a 

tabular representation of the data which may or may not be included in its entirety in 

the reports. However, all file copies of graphics will be accompanied by a complete 

table of data. 

All data files stored on electronic media will be backed up periodically and copies of 

original or master files will be stored in separate locations in the office. 

Oversight of data management activities will be carried out by Project Manager. 

7.2 DATA REDUCTION 

Data will be reported according to accepted practices of quality assurance and data 
validation. However, replicate measurements, outlier values and results below the 

method detection limit will require explanations beyond what is presented in the table, 
graph or map. Non-reduced data will be available for inspection by the USACE. 

Outlying values (numbers that lie outside the "expected range of values) will not be 
omitted from the raw data report. Outlying values will be corrected (if possible) if the 

cause is related to inconsistent sampling or analytical chemical methodology or errors 
in the transcription of data values or decimal points. Documentation and validation of 

the cause of outliers will accompany any attempt to correct or delete data values. 

The reduction of field-generated data may require adjustments because of baseline or 
background conditions. Adjustments will not be made on raw data tables or field 

documents. 
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7.3 DATA REVIEW 
'W 

Data review serves the three main purposes listed below. 

1) Data review qualifies field and analytical data for further use and ensures 

that data are not inappropriately reported or used. 

2) Data review serves as a check on a laboratory to ensure that they .are 
meeting contractual deliverables and regulatory requirements. 

3) Data review establishes due diligence and allows errors to be addressed 

earlier in a program therefore the impact will be less than if the errors 

were detected later. 

7.3.1 Field Data 

Review of objective field and technical data will be performed at two different levels. 

The first level of data review will be performed at the time of collection by following 

wv standard operating procedures and quality control checks. The second level of data 

review will be completed by the Field Manager who will review the data to ensure that 

the correct codes and units have been included. After data reduction into tables or files, 

the Field Manager will review data sets for anomalous "alues. Any inconsistencies or 

anomalies discovered by the Field Manager will be resolved immediately, if possible, by 

seeking clarification from the field personnel responsible for collecting the data. 
Subjective field and technical data will be validated by the Project Manager who will 

review field reports for reasonableness and completeness. In addition, random checks 

of sampling and field conditions will be made by the Field Manager and QA/QC 
Coordinator who will check recorded data to confirm the recorded observations. 

7.3.2 Laborato'ry Data 

The data review process of chemical data produced by the analytical laboratory for this 

project will consist of data generation, reduction, and four possible levels of review. 
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The first level of review, which may contain multiple sublevels, will be made by the 
analytical laboratory data reviewer who has the initial responsibility for the correctness 
and completeness of the data. All data are generated and reduced following protocols 
specified in the NEI Laboratory QA/QC Manual and analytical methodology. The 
laboratory data reviewer will evaluate the quality of the work based on an established 
set of laboratory guidelines. This person will review the data package to verify the 
following items: 

Sample preparation information is correct and complete 
Analysis information is correct and complete 
The appropriate SOPS have been followed 
Analytical results are correct and complete 
QC samples are within established control limits 
Blank anomalies have been identified 
Special sample preparation and analytical requirements have been met 
Documentation is complete (all anomalies in the preparation and analysis 
have been documented; Non-conformance forms, if required, are 
complete; holding times are documented) 

The laboratory will perform the in-house analytical data reduction and QA review under 
the direction of the laboratory QA Director. The laboratory QA Director is responsible 
for assessing data quality and advising the Project Manager of any data which were rated 
"preliminary" or "unacceptable", or other notations which would caution the data user of 
possible unreliability. Data reduction, QA review, and reporting by the laboratory will 
proceed as follows: 

Raw data produced by the analyst is processed and reviewed for 

attainment of quality control criteria as outlined in the laboratory QA/QC 
Manual and/or established EPA methods and for overall reasonableness. 

After entry into a laboratory management system, a computerized report 

is generated and sent to the laboratory data reviewer. 
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Tlle data reviewer will verify that corrective measures such as sample re- 

extraction or reanalysis have been performed. 

Upon acceptance of the preliminary reports by the data reviewer, final 

reports will be generated. This documentation will be retained as hard 

(paper) copy on file for 3 years. In addition, GC/MS files will be retained 

011 magnetic tape (computerized) for 5 years. 

Data reduction procedures will be based on those specified in EPA SW-846,3rd Edition. 

The laboratory will prepare and retain full analytical and QC documentation. As 

needed, the laboratory will supply hard copies of the retained information. 

The laboratory will report the data, as a delivery group of 20 samples or less, in the 

order of assigneld laboratory identification number, along with QC supporting data. The 

laboratory will provide the hard copy information, listed below, in each analytical data 
package: 

'w Cover sheet listing the samples included in the report and narrative 

comments describing problems encountered in analysis 

Tabulated results of compounds identified and quantified 

Analytical results for QC sample spikes, sample duplicates, method blanks, 
artd laboratory control samples 

Eibulation of reporting limits related to the sample 

The data reduction and validation steps are documented, signed, and dated by the 

analyst. 

The second level of review will be performed by a program administrator at the 

laboratory to verify that the project data quality objectives were met. This review does 

not include review of calibration data, qualitative identifications, or quantitative results. 
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These items are reviewed by the data reviewer in the laboratory, who provides an 
independent review of all calculations and QC relevant to the report. An independent 
audit is performed on 5% of all projects analyzed by the laboratory by the laboratory 
QA director or designated staff. 

The third level of review will be provided by the Project Data Reviewers, whose function 
is to independently review the data package. The review is intended to verify that: 

QC samples are within established guidelines; 

Qualitative identification of sample components is correct; 

Quantitative results are correct; 

Documentation is complete and correct (all anomalies in the preparation 
and analysis have been documented; Out-of-Control forms, if required, are 
complete; holding times are documented); 

The data is ready for incorporation into the final report; and 

The data package is complete. 

Criteria for review of data are modelled from Functional Guidelines for Evaluating 
Organics Analyses, USEPA, February 1, 1998, (EPA/68-01-6699) and Functional 
Guidelines for Evaluating Inorganics Analyses, USEPA., July 1, 1988, or their updated 

versions. 

Laboratory results will be reviewed and data qualified, if required. Sample data may be 
qualified as "J" (estimated), "UJ" (not detected-estimated) or may be rejected by "R.  
The qualifier "U" is normally used for analytes not detected by the laboratory. 

The reviewer will identify any out-of-control data points and data omissions and interact 
with the laboratory to correct data deficiencies. Decisions to repeat sample collection 

and analysis may be made by the Project Manager based on the extent of the 
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deficiencies and their importance in the overall context of the projelct. This data review 
'W will also be documented and the signature of the reviewer and the date of the review 

recorded. 

A summary of the elements to be checked in the review process is presented in the 

following sections. 

Review of Volatile and Semivolatile Organic Analyses 

Volatile and semivolatile organic analytical data for all samples will undergo review of 
the following requirements, in accordance with SW-846 Chapter 1 (USEPA, 1986) and 

the appropriate method requirements. The data review will include the following: 

Data Package Completeness Check; 

Holding times; 

Field and Laboratory Blanks; 
Surrogate recovery; 

MSIMSD; 

Laboratory control sample; 

Compound quantitation and reported quantitation liirnits; 
Tentatively identified compounds (TICS); 

Field Duplicates; and 
Overall assessment of data for a case. 

The precision of duplicate samples will be compared as a measure of how representative 

the analytical result is of the matrix sampled. 
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Review of Pesticides. PCBs. and Herbicides Analvses 

Pesticides, PCBs, and Herbicides analytical data for samples will undergo review in 
accordance with SW-846 (USEPA, 1986) and Methods 8080 and 8150, respectively. The 
data review will consist of the following requirements: 

Data Package Completeness Check; 
Holding times; 

Calibration information; 

Blanks; 

Surrogate recovery; 

MS/MSD; 
Field duplicates; 
Compound quantitation and reported detection limits; and 

Overall assessment of data for a case. 

Duplicate analysis precision will be assessed based on field duplicate and MS/MSD 

assessment. 

Review of Metals Analvse~ 

Metals analytical data will undergo a data review of the following requirements, in 

accordance with SW-846 (USEPA 1986) and the appropriate method. This review will 

consist of: 

Data Package Completeness Check; 

Holding times; 

Blanks - field, rinsate, lab; 
Laboratory control sample (LCS); 

Duplicate sample analysis; 

Matrix spike (MS) sample analysis; 

Field and lab duplicates; and 

Overall assessment of data for a case. 
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Inorpanics Data Review 

YLYl 
Inorganic data other than metals produced from the Project will undergo a data review 
according to SW-846 (USEPA 1986) or MCAWW (USEPA 1983) and the requirements 
of the applicable method. The data review will include the following: 

Data Package Completeness Check; 
Hold Times; 
Calibration information; 
Field and Laboratory Blanks; 

Laboratory Control Samples; 
Matrix spike/Matrix spike duplicates (MSIMSD); 
Lab Duplicate analysis result; 
Field Duplicate; and 
Overall assessment of data for a case. 

The project may also require that the analytical laboratory submit additional data to the 
USACE as the fourth level of review for data validation and comparison purposes. Each 

' 4w data submittal will include all sample, blank, and internal quality control results such as 
spike and surrogate recoveries and agreement between replicate analyses. Interim data 
reports may be requested if the project warrants. 

7.4 DATA REPORTING 

The data reporting process begins with the recording of information and data during 
field activities. This information and data from observations or measurements are 

documented using various types of reporting formats. These document formats include 
field log books, boring logs, monitoring well construction logs, test pit logs, well 
development logs, and photographic documentation. These reporting formats are 

discussed below and described in Section 4.7 and associated SOPS. 

The following are minimum data reporting requirements for the laboratory data 
submittals: 
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1) Sample ID Numbers: The laboratory, in conjunction with the Project 

Manager, will prepare a tabular presentation which matches laboratory sample numbers 

to QA laboratory sample numbers. This table will identify all field duplicates and field 

blanks as such and match with their corresponding field samples where applicable. 

2) Sample Receipt: The laboratory will verify that the samples were received 

in good condition. The Cooler Receipt Form will be used to note the condition of 

sample shipments. Problems such as broken sample containers, broken custody seals, 
improper sample preservation (including temperature), and incomplete sample 

documentation will be immediately communicated with the Field Manager or QA/QC 

Coordinator. 

3) General Organic and Inorganic Reporting: For each analytical method 

run, the laboratory will report all analytes for each sample as a detected concentration 
or as less than the specific limits of quantitation. Generally, all samples with out-of- 
control spike recoveries resulting from matrix interferences shall be designated as such. 

All soil samples shall be reported on a dry-weight basis with percent moisture also 

reported. The laboratory shall also report the date of extraction (if applicable) and date 

of analysis for each sample. 

4) Internal Quality Control Reporting: At a minimum, internal quality 

control samples shall be analyzed at rates specified in the specific methods or higher 

rates if required to meet project specific Data Quality Objectives: 

a) Laboratory Blanks (Method Blanks and Instrument Blanks): All 

analytes shall be reported for each laboratory blank. All non-blank sample results shall 

be designated as corresponding to a particular laboratory blank in terms of analytical 

batch processing. 

b) Surrogate Spikes: Surrogate spike percent recoveries shall be 

reported with all organic method reports, where appropriate. The report will also 

specify the control limits for surrogate spike results as well as the spiking concentrations. 
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c) Matrix Spikes: Matrix spike recoveries (including Matrix Spike 

Ylll Duplicates) shall be reported for all organic and inorganic analyses. All general sample 

results shall be designated as corresponding to a particular matrix spike sample. The 

report shall indicate what field sample was spiked. The report shall also indicate the 

amount of analyte spiked for each matrix spike, the percent recovered, and relative 

percent difference. 

d) Laboratory Duplicates and/or Matrix Spike Duplicate Pairs: 

Relative percent difference shall be reported for all duplicate pairs as well as 

analyte/matrix specific control limits. 

Data generated during the RI will be presented in a clear and logical format in the RI 
Report. Tabular, graphical and other appropriate visual aids such as site plans, isopleth 

plots and groundwater contour maps will be used to organize and display data generated 

from the investigation. The overall data presentation format described herein will be 
designed to not only present data but aid and support conclusions drawn from the review 
of the data. 

'IQIY' 7.4.1 Laboratory Reporting 

The laboratory will report the data as a group of 20 samples or less, along with 

supporting QC tlata. The laboratory will provide the following hard copy information 

in each analytical data package submitted in accordance with QA objectives for the 

project: 

Chains of custody; 

Cover sheets listing the samples included in the report and narrative 

comments describing problems encountered in analysis; 
Tabulated results of inorganic an organic compounds identified and 

quantified with appropriate qualifiers; 

Tabulation of reporting limits related to the sample analytes; 

Data Summary Tables of all samples by matrix an analysis type (i.e., 8240 
VOC, 8270 SVOC, etc); and 
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Analytical results for QC sample spikes, blank spikes, sample duplicates, 
blanks, standard procedural blanks, and laboratory control samples, 

including surrogate recoveries for organic analyses. 

Laboratory qualifiers will include (at minimum): 

U = Concentration below required reporting limit; 

J = Estimated concentration due to poor spike recovery; and 
B = Concentration of chemical also found in laboratory blank. 

The narrative accompanying the data package will include cautions on quantitative use, 

and usability of results from out-of-control QC method modification deviations. 

7.4.2 Tabular Presentation of Data 

Tabular presentations of both raw and sorted data will be used as a means of data 

presentation. Descriptions are provided in the following sections. 

Raw Data 

Presentation of raw data will be used as a means of introducing other presentation 

formats. At a minimum, these lists provide sample validation and verify that the proper 

sample handling and QA/QC protocol were followed. Each data record will provide the 

following information: 

unique sample identification; 

sample date, location and sample type; 
laboratory analytical identification number; 
parameter measured; 

analytical results and reporting units; 

detection limits for parameters not detected; and 
standard analytical data qualifiers. 
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In addition to the analytical data, tabulated field logs describing pertinent information 
w gathered during the investigation, such as water level measurements, will be included. 

Information contained in the logs may include the following: 

name of sampler; 

date, time and purpose of sampling; 

sample media; 
sample volume or weight; 

sampling method; 
sample location and identification number; 

sample depth; 

number of samples; 
strata sampled; 

readings from field instruments; 

amount of purged groundwater; 
climatic conditions; and 
signature of person responsible for observations. 

I . Significant events of unexpected conditions which result in a deviation from the Work 

Plan will be detailed. 

Sorted Data 

Data sorted according to specific categories provide a simple means of displaying trends, 
comparing sample results to one another and to regulatory guidelines and standards. 

Examples of categories depend upon the purpose of the table; however, they may include 

the following: 
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sample identification number; 
sample type; 
parameter measured and concentration; 
sampling date; 
sampling location; 
depth to groundwater; 
elevation of groundwater; 
time of measurements; 
regulatory concentration guidelines and standards; 
data reductions for statistical analyses; 

summary data; 
sorted data by strata; and 
results for each constituent in each medium. 

7.4.3 Graphical Presentations of Data 

Graphical presentations of data will be used to help visualize trends, ranges and patterns. 
The following information will be presented in graphical formats: 

sampling locations and sample grids; 
boundaries of sampling areas and areas where more data is required; 
geographical position of contamination; and 
constituent concentrations at each sampling location. 

Graphical formats may include bar graphs, line graphs, areal maps and contour maps. 

Descriptions of these graphical methods of data presentation are provided in the 

following sections. 

Bar Graphs and Line Graphs 

Bar graphs and line graphs can be used to display changes in groundwater contaminant 

concentrations with respect to time. Line graphs are typically more practical when there 
is a large volume of data points to be displayed. This will allow a more accurate and 
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continuous line to be drawn. Different symbols, colors and textures will be used to 
"u distinguish each line or bar. 

Areal Maps 

The presence and distribution of contamination will be represented by superimposing 

contaminant collcentrations over a plan of the site. Depending upon the distribution, 

individual measurements or contour plots will be presented. 

Areal maps displaying individual measurements are practical when a small number of 
sampling locations are shown or the concentrations of only one parameter are being 
displayed. Conversely, contaminant contour maps generally require a large number of 
sampling locations, spaced across the study area. Contaminant contour maps can be 

drawn in order to display the configuration of a contamination plume. 

Vertical Profiles or Cross-Sections 

Vertical profiles can be used to display the distribution of a contaminant release 
'w throughout the various substrata. Cross-section diagrams will be drawn based upon 

stratigraphic observations made during the installation of monitoring wells, soil borings, 
and background or reference data. 
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8.0 
INTERNAL QIJALITY CONTROL 

8.1 QUALITY CONTROL ASSESSMENT PROCEDURES 

The reliability and validity of analytical laboratory results are evaluated by the inclusion, 

as an integral part of any analytical procedure, of a program of replicate and spiked 

sample analyses and the analysis of standards and trip and blank samples. 

Field duplicates, trip blanks, equipment blanks, matrix spikes (MS) and matrix spike 

duplicates (MSI)), will be collected and submitted to the analytical laboratory to provide 

a means to assess the internal quality of the data obtained from the field sampling 

program. In addition, the laboratory will produce internal samples consisting of 

laboratory control samples, laboratory duplicates and method blanks to assess the quality 

of data resulting from laboratory procedures. 

Field duplicate samples will be analyzed to check for sampling and laboratory 

reproductibility. Trip blank samples will be analyzed to check for procedural 

rw contamination, cross-contamination, and laboratory contamination during shipment and 

storage of aqueous samples. Equipment blanks will be used as a measure of 
contamination of samples from the sampling equipment. The MS, MSD, and laboratory 

control samples will be analyzed to assess if recoveries falling outside acceptance 

windows are attributable to sample matrix interferences and not to laboratory analytical 

errors, as well as to measure the accuracy of the analysis. Laboratory duplicates for 
inorganic analysis and matrix spike duplicates for organic analytes will be analyzed to 

evaluate laboratory reproducibility or precision. Specific QC sample descriptions and 

minimum frequency of collection requirements are presented in Sections 2.0 and 4.0. 
Laboratory quality control procedures are presented in the Laboratory QA/QC Manual. 

The specific level of field QC effort is summarized in Sections 2.0 and 4.0. A description 

of the various tqpes of QC samples and procedures are provided below. 
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8.2 FIELD QUALITY CONTROL 

Field quality control will be accomplished through the review of field documentation, 
and the preparation and analysis of equipment rinsate blank, trip blank, and duplicate 
samples. These controls will check that the collection of data and field samples are 

representative of site conditions and are valid, in accordance with this CDAP and the 
project objectives. 

8.2.1 Documentation 

One type of field quality control will include the review and approval of all field 
documentation by the Field Manager or designee. Signature or initial approval will 
indicate that the provisions outlined in the CDAP and Site Safety and Health Plan 
(SSHP) have been appropriately implemented. In addition, the Field Manager will 
perform random spot checks on the field team daily. Documentation and procedures 
will be checked. Nonconformances and field corrective action will be documented as 

required in Section 10.0. 

Field quality control activities will also include the use of calibration standards and 
blanks (in accordance with manufacturer's instructions) for various equipment or 
parameters such as pH, temperature, specific conductance, and organic vapor 
measurements. 

Additional information and requirements for documentation preparation and review are 
presented in Sections 4.7 and 5.0 and SOP No. 6. 

8.2.2 Rinsate Blank 

Rinsate blank samples will be collected as field QC check samples which monitor 
contarnination'associated with the collection of the sample. Rinsate blank samples will 

also be collected to verify that materials used during the investigation, including sample 

collection devices and equipment will not result in the introduction of contamination to 
the samples. The rinsate blank samples will consist of laboratory-supplied, analyte-free 

deionized water (or distilled) which is poured over or through a decontaminated sample 

Phase II RI Work Plan - CDAP 
Stratford Army Engine Plant 
Stratford, Connecticut 

Woodward-Cly dc 
August 1994 



collection device or equipment. The rinsate blank samples will be analyzed for the same 

'w parameters as the associated field samples being collected at that time. One rinsate 
blank sample pt:r media sampled will be collected. 

If contaminants in rinsate blanks are reported above the method detection limit for any 

analytical procedure, the possible source of contamination will be investigated. If a 

problem is found, it will be corrected and samples rerun, if necessary. If no analytical 

problems are identified, the data will be flagged accordingly. Decontamination 
techniques for subsequent sampling events shall also be adjusted in the field prior to 

collection of additional samples. 

8.2.3 Trip Blanks 

Each trip bank will consist of two 40 ml glass vials with septum-lined lids which are filled 
by the laboratory with analyte-free laboratory water. The filled vials will be packed and 

shipped with the empty sample containers and subsequently returned to the laboratory 

with the filled sample containers. Trip blanks will be analyzed at the rate of one trip 

blank per shipment or cooler samples sent to the laboratory for volatile organics analysis. 

YW Trip banks will be analyzed for the same volatile organic compounds as the samples 

which they accompany. 

Results from trip blank analyses will be used to determine whether contaminants may 

have been introduced during sample shipment, from sample containers, or from 

laboratory water and associated sample storage, preparation and analysis. The total 
number of trip blanks submitted and analyzed is dependent upon the type of samples, 

number of coolers, and associated analytical parameters collected on a daily basis. 

8.2.4 Duplicate Samples 

Field duplicate samples (duplicates) will be prepared by field personnel and will consist 

of an individual environmental sample divided into two separate aliquots and placed into 

two identical sets of sample containers. Duplicates will be analyzed for the same 

parameters as the samples which they represent. 
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Results of the analysis of duplicates will provide an independent evaluation of laboratory 
performance and analytical precision by comparing analytical results of two samples from 
the same location to determine the relative percent difference between the two samples. 
Duplicate samples will be collected and submitted for analysis at the rate of one 
duplicate for every 20 environmental samples collected. The duplicate samples will be 
submitted to the laboratory blind (i.e. the laboratory will not know which field samples 
are associated with the duplicates). 

8.3 LABORATORY QUALITY CONTROL 

Two types of QA/QC checks will be used to assess the production of analytical data of 
known and documented quality. These include: 

Program quality assurance; and 
Analytical method quality control. 

8.3.1 Program Quality Assurance 

The objectives of the laboratory QA/QC Program are to: 

Verify that all procedures are documented, including any changes in 

administrative and/or technical procedures; 

Document that all procedures comply with applicable analytical protocol; 

Monitor the performance of the laboratory by a systematic inspection 

program and provide for corrective action as necessary; and 

Verify that all data are properly recorded and archived. 

All laboratory procedures are documented in writing as either Standard Operating 

Procedures (SOPs) or Method Procedures (MPs), which are edited and controlled. 
Internal quality control procedures for analytical services will comply with the laboratory 
QA Plan and SOPs. These specifications include the types and frequency of audits 
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required (sample spikes, method spikes, reference samples, controls, blanks, MDL 
Ww studies), the frequency of QC samples, the compounds to be used for sample spikes, and 

the quality control acceptance criteria for these audits. 

In each data package provided, the laboratory will document, that analytical QC 

functions have been met. Any samples analyzed that are in nonconformance with the 
QC criteria will be reanalyzed by the laboratory, if the laboratory procedures were not 
in control as assessed by laboratory controls samples and other data specific to the 
analysis. Reanalysis will also be dependent on availability of sufficient sample volume. 
QC check samples (method blanks, MS, MSD, etc.) will be analyzed concurrently with 
the sample batch (maximum of 20 environmental samples) to which they are assigned. 
Any deviation from or modifications to the published EPA procedures or SOPS must be 
documented antl clearly noted in the case narrative of the data package. 

8.3.2 Analytical Method Quality Control 

The following sections describe the types of QC samples analyzed by the laboratory in 
accordance with the analytical method specifications. 

8.3.2.1 Method Blank 

A method blank consists of analyte-free deionized reagent water or equivalent neutral 
reference material. The method blank is carried through each step of the analytical 
method and the results are used to evaluate the possible influence of analytical methods 
on sample analytical results. ~ e t h o d  blanks will be analyzed at a rate of one per batch 
of 20 environmental samples analyzed. 

8.3.2.2 Matrix Spike and Matrix Spike Duplicate 

A matrix spike (MS) is an environmental sample to which known concentrations of 

analytes have been added. The matrix spike is taken through the entire analytical 
procedure and the percentage of recovery of the analytes is calculated. Results are 
expressed as percent recovery of the known amount spiked. The matrix spike is used 

to evaluate the effect of the sample matrix on the accuracy of the analysis. 
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A matrix spike duplicate (MSD) is the same environmental sample as the MS which is 
spiked with the same known concentrations of analytes. The two spiked aliquots are 
processed separately and the results compared to evaluate the effects of the matrix on 
the precision and accuracy of the analysis. Results are expressed as relative percent 
differences (RPD) between the duplicate samples analyzed and as percent recovery. 

In order to verify that poor recoveries (recoveries out of control limits) are due to matrix 
effect and not lab error for either MS or the MSD the laboratory will be required to run 
a blank (deionized water) spiked at the same level as the MS. The reporting of this 
spike blank analysis is not requested; however, the laboratory must be able to prove that 
poor spike recoveries are not a result of laboratory error. 

Matrix spike and matrix spike duplicates will be analyzed at a rate of one per matrix per 
analytical batch (20 samples), and will be designated on the chain-of-custody by field 
sampling personnel. The laboratory may request that extra sample volume be collected 
for MS and MSD samples. 

8.3.2.3 Reagent Blank Sample 

A reagent blank sample is an aliquot of analyte-free water or solvent which is analyzed 
concurrently with an analytical batch. It is used to prove that preparations and analyses 
procedures did not introduce cross-contamination during the analysis procedure. 

8.3.2.4 Surrogate Spike Sample 

Surrogate spike samples are used to monitor both the performance of an analytical 
system and the effectiveness of an analytical method. Each blank, standard, and 

environmental sample (including MS/MSD samples) are spiked with surrogates prior to 
purging or extracting according to the appropriate analytical methods. Surrogate spike 
recoveries shall fall within the control limits set by the laboratory (in accordance with 
the procedures specified in the analytical method or within f 20%) for undiluted 

samples. Dilution of the samples to bring the analyte concentration into the linear range 
of calibration may dilute the surrogates below the quantification limit. Evaluation of 
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analytical quality will then rely on the quality control embodied in the check, spiked and 
rlllY' duplicate spiked samples. 

8.3.2.5 Check Sample 

Each analytical batch shall contain a check sample. The analytes employed shall be a 

representative subset of the analytes to be determined. The concentrations of these 

analytes shall approach the estimated quantification limit in the matrix of the check 

sample. In particular, check samples for metallic analytes shall he matched to field 

samples in phase and in general matrix composition. 

The quality control procedures described here are intended for adsorbent 

chromatography and back extractions applied to organic extracts. All batches of 

adsorbents (florisil, alumina, silica gel, etc.) prepared for use shall be checked for analyte 
recovery by running the elution pattern with standards as a column check. The elution 

pattern shall be optimized for maximum recovery of analytes and maximum rejection of 

iw contaminants. 

8.3.2.7 Instrument Adjustments, Calibrations and Standards 

Instrument Adiustment (Tuning, Alignment, etc.) 

Requirements and procedures are instrument and method specific. Analytical 

instrumentation shall be tuned and aligned in accordance with requirements which are 

specific to the instrumentation procedures employed. Individual determinative 

procedures shall be consulted. Criteria for initial conditions and for continuing 

confirmation conditions are found in the appropriate procedures of the analytical 

method. 
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Calibration 

Analytical instrumentation shall be calibrated in accordance with requirements which are 

specific to the instrumentation and procedures employed. Introductory Methods 7000 
and 8000 in Test Methods for Evaluatin~ Solid Wastes (EPAISW-846) and the 

procedures specified in the individual methods shall be consulted for criteria for initial 
and continuing calibration. 

Standards 

The U.S. Environmental Protection Agency does not supply analytical reference 

standards either for direct analytical measurements or for the purpose of traceability. 

All contact laboratories are required to prepare from neat materials or purchase from 

private chemical supply houses, those standards necessary to successfully and accurately 
perform the analyses required for this project. The laboratory should obtain the highest 
purity possible when purchasing neat chemical standards. Standards purchased at less 
than 97% purity must be documented as to why a higher purity could not be obtained. 

8.4 QUALITY REVIEW OF REPORTS 

Quality control during preparation of reports relies on documentation of data and peer 
review of conclusions drawn from the assembled database. Peer reviews will be 

conducted to provide assurance that the quality of services is in accordance with the 
standards of the profession, the objectives of the services, and the terms of the SOW or 

Delivery Order. Peer reviews will be completed prior to submission of the results of 

work or technical recommendations to USACE. Upon completion of a peer review, the 

Peer Reviewer will discuss his/her comments with the author/originator and any 

significant issues concerning the quality of the work reviewed will be resolved. Peer 

reviews are documented by the reviewer by completing a Peer Review Documentation 

Form (see Figure 8-1) that is retained in the project file. 
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9.0 ' 
PERFORMANCE AND SYSTEMS AUDITS 

Performance and system audits will be performed as appropriate throughout the duration 
of the remedial investigation. The objectives of the performance and system audits are: 

to ensure that the quality assurance program developed for this project is 

being implemented according to the specified requirements; 

to assess the effectiveness of the quality assurance program; 

to identify nonconformances; and 

to verify correction of identified deficiencies or nonconformances. 

If any significant deviations from the CDAP are documented, corrective action measures 
will be implemented and documented as detailed in Section 10.0. Reports to be 

tllYl 
prepared at the completion of an audit are described in Section 11 .O. 

The QA/QC Officer will be responsible for initiating audits, selecting the audit team, 

and overseeing audit implementation. The QA/QC Officer will also report to the 

Project Manager the results of audits, and corrective action measures taken, if any. 

The laboratories participating in this project may also undergo a validation or 
certification audit procedure by the USACE which includes performance evaluation 
sample analysis and a laboratory facility inspection. This validation is implemented at 

the discretion of USACE. 

9.1 PERFORMANCE AUDITS 

Performance audits are usually conducted after data management systems are 

operational and data is being collected. Performance audits are used to quantitatively 

assess the accuriacy of the data. Performance audits consist of two types: internal and 

external. 
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9.1.1 Field Performance Audit 
w 

Field performance audits may be conducted on an ongoing basis during the project as 
field data are generated, reduced, and analyzed. All numerical manipulations, including 

manual calculations, will be documented. All records of numerical analyses will be 

legible, of reproduction-quality, and sufficiently complete to permit logical reconstruction 

by a qualified individual other than the originator. 

Internal performance audit check samples will be submitted to the subcontracted 
laboratory. These samples will consist of equipment rinsate blanks and duplicates as 

described in Section 8.0. Some duplicate samples may be used by the laboratory for 
matrix spike analysis. Analytical results from these internal performance audit samples 
will be used throughout the project to assess data from environmental samples for 

laboratory accuracy and precision and determine the ability of the field sample collection 

persomel to collect representative samples. 

9.1.2 Laboratory Performance Audit 

Laboratory performance audits are conducted on a routine basis and include items such .I 
as: 

Verification of written procedures and analyst(s) understanding; 

Verification and documentation of procedures; 
Verification of documents; 

Periodic unannounced inspection of the analytical process record keeping; 

and 
Review of a portion of all analytical data and calculations. 

In addition, external performance audit check samples may be submitted by external 

regulatory agencies to assess whether a contracted laboratory is generating data within 

acceptable control limits. If external performance audit check samples are provided by 

USACE, the subcontracted laboratory will analyze these samples and provide analytical 

results along with results of the investigation samples. 
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Requirements for the performance audit check samples may be fulfilled as part of the 

w' contract laboratory validation procedures for USACE as outlined in Appendix C of ER 
11 10- 1-263. 

In addition, USrICE may request that QA samples, usually in form of splits or replicates 
of field samples, be submitted to the USACE QA laboratory as described in 

Appendices B and E of ER 1110-1-263. 

9.2 SYSTEMS AUDITS 

Systems audits are conducted during the RI activities in order to verify that quality 
control measures/procedures specified in the CDAP are being used, documentation and 
project records are being completed and maintained, and that reviews of documents and 
reports are being conducted. These systems audits are a qualitative evaluation of the 
QA/QC program and its components. These audits include an evaluation of both field 

and laboratory quality control procedures and are conducted after the project systems 

are operational. 

sw 9.2.1 Field System Audit 

A field system audit will be conducted by the QA/QC Officer or qualified designee 

during the initial sampling activities. The audit will include an on-site review of field 
operations, facilities, and activities, including sampling and equipment use and 

calibration. Documentation such as field notes, chain-of-custody forms, and equipment 
calibration forms will be checked for completeness and conformance to the CDAP 

requirements. 

At the conclusion of the field audit, a post-audit conference will be held with the Field 
Manager and field personnel to discuss the audit results and initiate corrective action for 

critical items, if necessary. 

The auditor will provide an oral report summarizing the results of the audit to the 

Project Manager within five working days of the audit. A written report will be prepared 

and signed by the QA/QC Officer. The report will include the following: 
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Description of the audit scope; 

Identification of the audit team; 

Persons contacted during preaudit, audit, and postaudit activities; 
A summary of audit results, including an evaluation statement regarding 

the effectiveness of the CDAP elements which were audited; 
Details of findings and program deficiencies; and 

Recommendations for corrective action by the Project Manager or others, 

as appropriate. 

This written report documenting all activities associated with the field system audit will 

be provided to the Project Manager within ten working days after completion of the 

audit. The report will document audit findings, on-site meetings, and program revisions, 
if necessary. The Project Manager will respond to the audit report within two working 

days of receipt. The response will clearly state the corrective action for each finding, 

including action to prevent recurrence and the date the corrective action will be 
completed. 

A follow-up action will be conducted if the Project Manager deems it necessary. 

Follow-up action shall be performed by the QA/QC Officer or designated representative 

to: 

Evaluate the adequacy of the Project Manager's response; 

Assess that corrective action is identified and scheduled for each finding; 

and 
Confirm that corrective action is accomplished as scheduled. 

Follow-up action may be accomplished through written comrnunications, reaudit or other 
appropriate means. When all corrective actions have been verified, a memorandum shall 

be sent to the'project Manager signifying the satisfactory close-out of the audit, with 

copies to the Program Manager and others as appropriate. 
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'w 9.2.2 Laboratory System Audit 

A technical systems audit of the laboratory is performed annually by WC. A laboratory 
systems audit may also be conducted by the QA/QC Officer or qualified designee during 
analysis of initial sample shipments sent to the laboratory. If a laboratory systems audit 
is conducted, the: QA/QC Officer, in conjunction with the project manager representing 
the subcontracted laboratory, will review documentation used to verify that 
instrumentation required by the analytical program is being operated and that the 
instruments are functioning properly. This initial audit will also include a review of the 
analytical methods proposed for use and the laboratory SOPS prepared from these 
methods. The laboratory project manager, or designee, will make changes as necessary 
following the initial laboratory systems audits and confirm orally within five working days 
and in writing within ten working days to the Project Manager and/or QA/QC Officer 
or designee that the laboratory meets all requirements of the measurement system. 

9.2.3 Office System Audit 

Office system audits will be conducted as part of the overall Quality Assurance Program. 
The office audit consists of reviewing the project file and verifying that data collected 
is being presented, reviewed, and filed in accordance with this CDAP and an established 
QA Program. The QA/QC Officer or designee, will be responsible for conducting office 
system audits of this project. The QA/QC Officer will prepare a written audit report 
within ten working days of the audit. The QA/QC Officer will present the findings to 
the Project Manager if further action is required. 

In addition, the QA/QC Officer will conduct a limited office audit immediately prior to 
the start of field activities. The audit will focus on review of the established project 
filing system and procedures and requirements for documentation. This audit will help 

ensure that the project file and documentation system are set-up in a manner which will 
facilitate information and data storage and retrieval during the project. 
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9.3 AUDIT RECORDS 

Original records generated for all audits shall be retained within project files. Records 
shall include checklists completed by the auditor, audit reports, the record of the 

implementation and completion of corrective actions, and documents associated with the 
audits which support audit findings and corrective actions as appropriate. 
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10.0 
NONCONFORMANCE AND CORRECTIVE ACTION 

The ultimate responsibility for maintaining quality throughout the project rests with the 

Program Manager and the QA/QC Officer. The routine operation of the quality 

assurance program, however, falls upon the Project Manager, the QA/QC Coordinator, 

the technical staff, and the subcontracted laboratory's quality assurance officer and 

project manager. 

Any member of the project staff who identifies a condition adversely affecting quality 

can initiate corrective action by notifying the Project Manager or QA/QC Officer 

verbally or in writing. A written communication identifying the condition and an 
explanation of how it may affect data quality or quantity is preferable for initiating the 

corrective action process. 

10.1 NONCONFORMANCE 

A nonconforma~ice is an unauthorized deviation from documented procedures, practices 
' mV or standards, or a defect in an item that is sufficient to render the quality of the item 

unacceptable or indeterminate, or any event which is beyond the expected conditions and 
limits such as those presented in this CDAP. Nonconformances may include (but are 

not limited to) the following: 

failure of an instrument to work properly; 

sample documentation not correct; 

improper sample collection method; 

sample holding time exceeded; 

sample storage conditions outside criteria; 

incorrect sample preparation/analysis procedures used; 
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Quality Control sample data (replicate, duplicate, blind duplicate, etc.) 
outside limits; w 
calibration requirements not met; 

documentation errors in data recording or transcription; 

data validation errors; 

a recovery or RPD result that is out of control limits (e.g., more than 
three standard deviations from the weighted mean); 

relative standard deviation for response factors greater than accepted 
limits; and/or 

any situation or result which might affect the quality of data. 

Any identified nonconformances with the established quality control procedures will be 
expeditiously controlled or corrected. Additional work which is dependent on the Qv 
nonconforming activity will not be performed until the identified nonconformance is 
corrected. 

10.2 CORRECTIVE ACTION 

A corrective action is an appropriate measure applied to correct a nonconformance and 
minimize the possibility of recurrence. 

Corrective action may be necessary in the event that data is determined to be suspect 
following performance or system audits or when existing or potential conditions are 
identified which may have an adverse impact on data quality. 
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10.2.1 Field Corrective Action 
'W 

The Project Manager will periodically review the procedures being implemented in the 

field and audit findings for verifying consistency with the established procedures and 

protocols. Documentation will be checked for completeness. Where procedures are not 
strictly in compliance with the established protocol, deviations will be documented and 

reported. Corrective actions will be defined by the Project Manager and QA/QC 

Officer and documented as appropriate. Upon implementation of the corrective action, 
the Project Manager will provide the Program Manager and QA/QC Officer with a 

written memo documenting field implementation. The memo will become part of the 

project file. 

10.2.2 Laboratory Corrective Action 

The laboratory's quality assurance officer and the project Data Validator(s) will review 
the analytical data generated to ensure that all quality control samples have been 
analyzed as specified in the protocol. Recoveries of spike samples will be checked for 

consistency with method accuracy and duplicate samples will be checked with method 
(IOY' precision. Where sample results fall outside of the acceptable ranges, deficiencies will 

be reported to the Project Manager and QA/QC Officer. Corrective actions will be 

defined by the Project Manager in coordination with the laboratory project manager and 

documented as appropriate. 

Laboratory personnel will be alerted that corrective actions may be necessary if: 

QC data are outside the warning or acceptable windows for precision and 

accuracy as established for matrix spikes and matrix spike duplicates in the 

analytical protocols. 

Blanks contain contaminants at concentrations above the required quantitation 

limit of any target compound. 

Undesirable trends are detected in matrix spike recoveries or coefficients of 

variation (CV) between matrix spike duplicates. 
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There are unusual changes in detection limits. 

Deficiencies are detected during internal or external audits, or from the results 

of performance evaluation samples. 
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11.0 
'w CHEMICAL DATA QUALITY MANAGEMENT (CDQM) DELIVERABLES 

Various reports; and documents will be prepared during the RI for presenting 

information about the Chemical Data Quality Management (CDQM) program. These 

reports are described in this section. 

11.1 DAILY QUALITY CONTROL REPORTS (DQCR) 

During the fielcl investigation, the Field Manager will prepare Daily Quality Control 

Reports (DQCR.) for the USACE. These reports will include the information presented 

in the USACE ER-1110-1-263. These reports will be compiled and sent to the USACE 
Project Manager once every week (along with the weekly confirmation notice package) 

in the event that no problems or deviations from the schedule arise. Should problems 

arise, the Field Manager or Project Manager will notify the USACE Project Manager 
immediately and send the DQCR by express mail or fax. 

11.2 QUALITY CONTROL SUMMARY REPORT (QCSR) 
'W . 

A summary report of quality control activities will be submitted at the conclusion of the 

site investigation. The QCSR will contain, but not be limited to, the following 

information: 

1) Project Description: This will include project organization and site 
description. 

2) Laboratory QC Activities: This will include a summary of laboratory QC 
activities, a summary of any deviations from planned activities and a 

summary of the evaluation of the data quality for each analysis and matrix. 

3) Field QC Activities: This will include a summary of field QC activities, 

a summary of any deviations from planned activities, and a summary of 

the evaluation of the quality of the sampling. 
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4) Data Presentation and Evaluation: This will include an assessment of 
sampling and analysis techniques, an evaluation of data quality of each QV 
matrix and parameter, and an evaluation of the usability of the data. 

5 )  Lessons Learned: This will summarize any suggested changes to field or 
analytical procedures that could be made to better characterize chemical 
contamination in future work efforts. 

6) DQCR Consolidation: All DQCR's will be consolidated and summarized. 

7) Conclusions and recommendations. 

11.3 NONCONFORMANCE AND CORRECTIVE ACTION 

As presented in Section 10.0, a written report will be prepared and sent to the USACE 
Project Manager for all significant problems or non-routine occurrences which may arise. 
These reports will identify the nonconformance or problem and present the corrective 
action implemented. These reports will be sent to the USACE Project Manager within 
48 hours after the corrective action is implemented. .I 

11.4 ANALYTICAL DATA REPORTS 

Analytical data will be presented in report format and will be transmitted to USACE for 
review. All laboratory analytical reports will follow the same format. Analyses will 
typically be grouped, for reporting purposes, by the date the sample was received by the 

laboratory and the batch it was analyzed with. In general, a typical analytical report will 

include: 

1) General Discussion: This will include a description of sample types, tests 
performed, any problems encountered, and any general comments. 

2) Analytical Data: Data are reported by sample or by test. All pertinent 
dates, information and reporting limits are also included. 
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3) QC Information: All pertinent QC information, including laboratory 

control samples, method blanks, matrix spikes, matrix spike duplicates, and 

duplicates will be included. 

4) Methodology: Reference for analytical methodology used is cited. 

5 )  Custom Services: Any requested special services are included. 

11.5 SITE INVESTIGATION REPORT 

A draft report summarizing the activities, data and findings which occurred or collected 

during the RI at the site will be prepared. The outline of information and elements to 
. be included in this report will be determined at the end of field activities. At a 

minimum, the report will include the following elements: 

Information related to the implementation of the investigation; 

A description of field activities; 

Chemical analytical results for the media sampled; 

A discussion of the data and information collected during the RI and from 

previous investigations; and, 

Conclusions and recommendations. 

Upon receipt of USACE comments, it is anticipated that a review meeting will be 

scheduled to discuss the comments and potential resolutions to any deficiencies 

identified. Following the review meeting, the resolved comments will be incorporated 

into the draft report and a final report prepared. This document will be transmitted to 

the appropriate federal, state, and local agencies. 
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ATTACHMENT A 

STANDARD OPERATING PROCEDURES (SOP) 

SOP No. 

SOP No. 1 

SOP No. 2 

SOP No. 3 
SOP No. 4 

SOP No. 5 

SOP No. 6 
SOP No. 7 
SOP No. 8 

S,OP No. 9 
SOP No. 10 
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1.0 
PURPOSE AND SCOPE 

This document defines the standard procedure for collecting soil samples. This Standard 

Operating Procedure (SOP) serves as a supplement to the Chemical Data Acquisition 
Plan (CDAP). This procedure gives descriptions of equipment, field procedures, and 
QA/QC proceclures necessary to collect soil samples. The sample locations and 

frequency of collection are specified in the FSP. 

This SOP is intended to be used together with the CDAP and several other SOPS. 

Sample identification, handling, and documentation procedures are described in SOP 
No. 6. SOP No. 7 describes decontamination procedures which are also applicable to 
this SOP. Health and safety procedures and equipment that will be required during the 
investigation are detailed in the Site Safety and Health Plan (SSHP). 
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2.0 

PROCEDURES FOR SOIL SAMPLING 

Subsurface soil samples for chemical analysis will be collected using stainless steel Zinch 
O.D. split-spoon samplers. Subsurface samples for geotechnical analysis will be collected 

using non-stainless steel Zinch O.D. split-spoon samplers or Shelby tubes. 

2.1 EQUIPMENT LIST 

The following list of equipment will be needed to collect subsurface soil samples 

Drill rig with appropriate drilling and stainless steel Zinch O.D. split 
spoon sampler (for chemical analytical sampling) 
Drill rig with appropriate drilling tools, 3-inch-diameter Shelby tubes, 
and non-stainless steel Zinch O.D. split spoon sampler (for 

geotechnical sampling) 
Measuring tape - 150 feet 
Aluminum foil 

Field books/field sheets 
Stainless steel spoons 
Sample bottles provided by the laboratory 
Sample bottle labels 
Label tape (clear) 
Paper towels 
Camera and film 

Waterproof and permanent marking pens 
Plastic sheeting 
Plastic bags 

Appropriate health and safety equipment, as specified in the SSHP 
Appropriate decontamination supplies 

2.2 DECONTAMINATION 
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a Decontaminate the drilling and sampling equipmerit according to SOP 

No. 7. 

a Record the boring location on a site map and in the field log book. 

a Select the appropriate sampler for boring and collect the soil samples 

using the drilling rig at the intervals stated in the FSP. 

a Don a clean pair of surgical gloves. 

a Open the split-spoon and measure the recovery, scrape off any soil 

smear zone from the recovered sample with a stainless steel spoon, and 
homogenize the retained sample from the depth interval to be sampled. 
Samples to be collected for VOC analysis should be collected prior to 
homogenizing the retained sample. 

a Determine and identify the use of the recovered sample. This will 

always be for visual soil classification and stratigraphic logging and may 

be for chemical or geotechnical analysis. 

a Individual bottles will be filled in the following order: 

- Volatile organic compounds (VOCs) 

- Metals 

a Label, store, transport and document the samples (depending on the 

use of the sample) according to SOP No. 6. 

a Record applicable information on the sample collection Field Sheet 

(Figure 1) and Chain-of-Custody (COC). 

a Complete the lithologic description of the recovered sample according 

to the Unified Soil Classification System. w 
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'W 
2.4.2 Duplicate Samples 

Duplicate samples are samples collected as close as possible to each other in time and 
space to check for the natural sample variance and the consistency of field techniques 

and laboratory analysis. The duplicate samples will be collected at the same time as the 
primary samples. For example, primary sample bottles for the volatile analysis will be 
filled first, then the duplicate sample bottles for volatiles, and so on until all necessary 
sample bottles fbr both the primary sample and the duplicate sample have been filled. 
The duplicate silmple will be handled in the same manner as the primary sample. The 
duplicate sample will be assigned a QA/QC identification number, stored in an iced 

cooler, and shipped to the laboratory on the day it is collected. 

2.4.3 Matrix Spikes and Matrix Spike Duplicates 

Matrix spikes are used to determine the long-term precision and accuracy of the 

laboratory analytical method on various matrices. For this procedure duplicate samples 
wv' are collected with the field samples and spiking is done by the laboratory. Samples are 

labeled as matrix spikes for the laboratory. It is useful to collect enough additional 
sample for both the matrix spike and duplicate samples from the same location. 

2.4.4 Blind Spikes and/or Blanks 

The USACE may provide blind spikes and/or blanks for laboratory analysis to 
determine the accuracy of the laboratory analytical method. The samples will be 
assigned a QA/QC identification number, stored in an iced cooler, and shipped to the 
laboratory on the day received. 
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Weather conditions 
Names and addresses of field contacts 
Names and responsibilities of field crew members 
Names and titles of any site visitors 
Location, description, and log of photographs (if taken) 

References for all maps and photographs 
Information concerning sampling changes, scheduling modifications, and 
change orders 
Summary of daily tasks and documentation on any cost or scope of 
work changes required by field conditions 
Signature and date by personnel responsible for observations 

Field investigation situations vary widely. No general rules can include each type of 
information that must be entered in a logbook for a particular site. A site-specific 
logging procedure will be developed to include sufficient information so that the 

sampling activity can be reconstructed without relying on the memory of field personnel. 
w The logbooks will be kept in the field team member's possession or in a secure place 

during the investigation. Following the investigation, the logbooks will become part of 
the final project file. 

2.6.2 Boring Logs 

Boring logs will be completed for each boring by qualified personnel (geologist, 

geological engineer, or geotechnical engineer). The boring log form is shown on 
Figure 2. 
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SAMPLE COLLECTION FIELD SHEET 
REMEDIAL INVESTIGATION 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

SAMPLE NUMBER: 

DATE and TIME OF COUBCTION: 

COLLECTED BY: 

SAMPLE MEDIA: Soil Water Sediment 

SAMPLE DEPTH: 

SAMPLING EQUIPMENT: 

SAMPLING METHOD:- 

SAMPLE SPLIT? NO YES SPLIT SAMPLE NUMBER: 

QAIQC SAMPLES? NO YES QAIQC SAMPLE NUMBERS: 

Figure 1 
Sample Collection Field Sheet 

Sample Container 

SAMPLE DESCRIPTION: 

INSTRUMENT SCREENING: 

COMMENTS: 

Preservative Analysis Requested 



HOLE NO o 
SHEET 1 

OF 0 SHEETS 

- 
H W  DRILLING LOG 

1 COMPANY NAME 2 DRILLING SUBCONTRACTOR 

- - - - - - - - - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - - - - - - 

3 PROJECT 

W E  OF DRILLER 
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r93M1 l~.\soplfig2.~1a Boring Log Form 

4 LOCATION 
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t(r@ES AND TYPES OF DRILLING 8 HOLE LOCATION 

AND SAMPLING EQUIPMENT 

12 OVERBURDEN THICKNESS 

13 DEPTH DRILLED INTO ROCK 

14 TOTAL DEPTH OF HOLE 

9 SURFACE ELEVATION 

feet 

'1 

10 DATE STARTED 11 DATE COMPLETED 

15 DEPTH GROUNDWATER ENCOUNTERED 

16 DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

17 OTHER WATER LEVEL MEASUREMENTS (SPECIFY) 

19 TOTAL NUMBER OF CORE BOXES 11 GEOTECHNICAL SAMPLES 

20 SAMPLES FOR CHEMICAL ANALYSIS 

22 DISPOSITION OF HOLE 

DISTURBED UNDISTURBED 

OTHER (SPECIFY) OTHER (SPECIFY) 

OTHER (SPECIFY) 

VOC 

BACKFILLED 

REMARKS 

h 

,Hole No. 

21 TOTAL CORE RECOVERY 

% 

METALS 

MONITORING WELL 23 SIGNATURE OF INSPECTOR 

ANALYTICAL 

SAMPLE No 

1 

GEOTECH SAMPLE 

OR CORE BOX No 

a 

BLOW 

COUNTS 

9 

FIELD SCREENING 

RESULTS 

d 

DESCRIPTION OF MATERIALS 

c 

1 Project 
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a 

I 

DEPTH 
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1.0 

PURPOSE AND SCOPE 

The purpose of this document is to define the standard operation procedures (SOP) for 
installation and development of groundwater wells. The procedures are sufficiently 
detailed to allow field personnel to properly install and develop wells. The well 
locations are defined in the Chemical Data Aquisition Plan (CDAP). 

This SOP serves as a supplement to the CDAP and is intended to be used together with 
the CDAP and several other SOPS. SOP No. 7 describes the decontamination 
procedures applicable to well installation and development. 
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2.0 
PROCEDURES FOR DRILLING AND MONITORING WELL INSTALLATION 

2.1 DRILLING AND WELL INSTALLATION PROCEDURES 

This section will describe the standard operating procedures for the installation of both 
shallow wells (total depth of approximately 15 ft) and deep wells (total depth of 
approximately 35 feet and 100 feet), the data recorded during the drilling of the well and 
the well installation procedures. These procedures are defined in keeping with the 

requirements of the USACE, as defined in Attachment B of the Scope of Work for 
Phase I1 Remedial Investigation at the Stratford Army Engine Plant, and the standard 
operating procetlures of W-C. 

2.1.1 Shallow Wells: Total Depth Approximately Fineen Feet 

The borings for shallow wells, i.e. wells screened from approximately five to fifteen feet 
below ground surface (bgs), will be advanced using a truck mounted hollow stem auger 
drill rig. The drill rig, augers and other drilling tools that will be used down the hole 
will be steam cleaned before beginning a new boring and before leaving the site. 
Borings which cannot be completed by the end of a working day will be covered to 
prevent contaminated material from entering the borehole and will be secured using 

available equipment. 

During the advancement of the well boring, soil samples will be collected using a 2-inch 
outer diameter (OD) split spoon sampler advanced 24 inches using a 140 lb hammer 

dropped approximately 30 inches (ASTM D1586-84). The split spoons will be 
decontaminated according to methods outlined in Section 2.2.2 of SOP 7. Blow counts 
will be recorded by the W-C drilling inspector. 
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The working casing will be removed during the installation of the well (Section 2.2.5). 

2.1.2.1 -able Site Conditions 

In the event of "running sands" W-C reserves the right to use standard industry 
techniques such as those described in Section 2.1.1.1. 

2.2 STRATIGRAPHIC LOGGING 

Soil samples will be collected using Zinch OD split spoon samplers. Samples for 
lithologic logging will be collected every 2.5 feet for the first ten feet, and every five feet 
for the remaining depth of each boring. 

Soil descriptions will be based on visual/manual observations of the soil in the split 
spoon samples, augmented by observations of soil cuttings from the auger flights. The 

$af' typical sequence of describing a soil sample is as follows: 

a Unified Soil Classification Symbol; 
a consistency of cohesive materials or apparent density 

of non-cohesive materials;. 
a moisture content assessment; 
a color; 
a other descriptive features; 
a depositional type. 

A legible, concise record of all significant information pertaining to drilling and sampling 
operations for each boring will be maintained concurrent with the advancement of the 
hole. This information will be recorded by the W-C drilling inspector on a boring log 
(Figure 1). 

4v 
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2.3.1 Variations on Standard Well Installation Procedures 

W-C recognizes that field conditions and/or slight differences between shallow and deep 

well construction methods may cause variations on the well construction procedures 
outlined above. For example, it is anticipated that the deep wells will have the working 
casings removed before the well is tremie grouted to within three feet of ground surface. 
However, if the shallow portion of the well boring is unstable, W-C reserves the right 
to leave the working casing in place. 

W-C reserves the right to install wells without using centralizers on the well screen and 
riser. Centralizers are not compatible with well installation using hollow stem augers 
and/or in areas where borehole stability is in question. If the hollow stem augers were 
removed before well installation the borehole may collapse at any elevation, thereby not 
allowing the well to be installed at the appropriate depth. To avoid this situation the 
wells will be installed through the annular space of the augers, removing the augers in 

Jlllll 
a stepped fashion. If this method is used, centralizers cannot be used because they will 
not fit down the annular space of the augers. 

W-C will consult with the USACE and obtain USACE approval on any variations from 
the procedures described in this SOP. 

2.4 WELL INSTALLATION DOCUMENTATION 

A well installation form will be completed for every completed well (Figures 3). The 
information included on the well installation form is: 

Well designation; 

Date and time well started; 
Date and time well completed; 
Surface elevation (to the nearest 0.1 ft); 
Casing elevation (to the nearest 0.01 ft); 

Elevation of top of grout in annular space; 
Elevation of top of bentonite seal; 
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3.0 
WELL DEVELOPMENT PROCEDURE 

Wells will be developed to improve the hydraulic communication between the formation 
and monitoring wells and to help assure that representative ground water samples will 
be collected. During the drilling process, the sides of the borehole may become smeared 
(commonly referred to as the "skin effect") which substantially retards the movement of 
water into the well. In addition, soil may enter the filter pack, or temporarily clog the 
well screen slots during the installation of the well materials. 

Well development is the process of flushing the interface between the aquifer and the 
well. In addition, the filter pack and screen slots are cleaned, allowing ground water to 
flow into the well with a minimum of retardation. Development is required to (1) 

restore the natural permeability of the formation immediately adjacent to the borehole, 
(2) remove clay, silt and other fines from the filter pack and well screen, and (3) remove 

remnant drilling fluids and contaminants potentially introduced during drilling activities. 

3.1 PROCEDURES 

The developmerit of a newly installed monitoring well will proceed only after the grout 
has been allowed to set for a minimum of 48 hours, but not more than one week after 
construction. Before development begins, the development equipment will be 
decontaminated according to the procedures defined in SOP 7. 

Initial development of each well will be accomplished using a surge block or by bailing. 

A surge block is a round plunger with pliable edges that will not catch on the well 
screen. The surge block is moved forcefully up and down inside the well screen, causing 
the water to surge in and out of the well screen. The surge procedure or bailing will 
continue for a minimum of 2 hours. 

Following surging, water will be evacuated by pumping. The choice of pumping method 
is dependent on the well depth and/or recharge rate. Temperature, pH, and specific 

YYIY 
conductivity and turbidity will be measured once per well volume pumped. The pumping 
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MONITORING WELL DEVELOPMENT LOG 

Well Number: 

Date Installed: Scrwned Interval: 
Depth of Well (A): Casing Diameter: 

SURGE DATA 

Pre-Surne Samule Depth (ft) : 

Date and Time: Conductivity: 
DTW(ft): * Temperature: 
DTB(ft) : ** Turbidity (NTUs): 
Surge Date and Time: pH: 

Surge Method: 

...................................................... .............................................................................................................................................. * ............................................ . m............. 

Post-Surge S m l e  Depth (ft): 

Date and Time: Conductivity: 
Comments : Temperature: 

Turbidity (NTU's): 
pH: 

- 

PURGE DATA 

Date and Time: Volume of Water in Casing (g): 

DTW(ft): 5 Casing Volumes (g): 
Height of Water Cohunn (it): Purge Method: 

T i e  Temperature Conductivity Turbidity (NTUs) pH Gallomhrged Comments 

DTW aAer purge: Total gallom purged: 
Inspector: 
*DTW: depth to water **DTB: depth to bottom 

V 
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Figure 4 
Well Development Log 



STANDARD OPERATING PROCEDURE NUMBER 3 

GROUNDWATER SAMPLING 
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1.0 

PURPOSE AND SCOPE 

This document defines the standard procedure for collecting groundwater samples. This 
Standard Operating Procedure (SOP) serves as a supplement to the Chemical Data 
Acquisition Plan (CDAP). This procedure gives descriptions of equipment, field 

procedures, ancl QA/QC procedures necessary to collect groundwater samples. The 
sample locations and frequency of collection are specified in the CDAP. 

This SOP is intended to be used together with the CDAP and several other SOPS. 
Sample identification, handling, and documentation procedures are described in SOP No. 
6. SOP No. 7 describes decontamination procedures which are also applicable to this 

SOP. Health and safety procedures and equipment that will be required during the 
investigation are detailed in the Site Safety and Health Plan (SSHP). 
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2.0 
GROUNDWATER SAMPLING PROCEDURES 

2.1 EQUIPMENT LIST 

Equipment useti during well purging: 

Well keys 
Well lock-out tags 
Electronic water level probe 
Assorted tools (knife, screwdriver, etc.) 
Disposable bailer, or pump 
Nylon rope or twine 
Discharge hose 

Thermometer 
pH meter (with automatic temperature compensation) 
Conductivity meter 

Plastic squeeze bottle filled with deionized water 
Polyethylene or glass container (for field parameter 
measurements) 
Paper towels 
Calculator 
Field notebook 
Waterproof and permanent marker 
%-gallon drum for storing purged water 
Appropriate health and safety equipment 
Well completion information sheet 
Organic free deionized water 
Appropriate decontamination equipment 

Organic vapor analyzer 

Appropriate Pump(s) 
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Equipment useti during well sampling: 

Electronic water level measurement probe 

Disposable bailers 
Nylon rope 
Thermometer 
pH meter (with automatic temperature compensation) 

Conductivity meter 
Plastic squeeze bottle filled with organic free deionized water 
Cooler with ice 
Polyethylene or glass jar for measurement of field parameters 
Sample jars and labels. Sample bottles with preservatives added will be 
obtained from the analytical laboratory. Several extra sample bottles will 
be obtained in case of breakage or other problems. 
Paper Towels 
Field notebook 
Water sample collection form 
Waterproof and permanent marker 
Well completion information sheet 

Appropriate decontamination equipment 
Appropriate health and safety equipment 

2.2 SAMPLING PROCEDURE 

This section gives the step-by-step procedures for collecting groundwater samples in the 
field. 0bserva.tions made during sample collection should be recorded in the field 
notebook and field data sheet as specified in Section 2.4 of this SOP. 

2.2.1 Equipment Decontamination 

Before any purging or sampling begins, all well probes, bailers, and other sampling 

devices shall be decontaminated. If dedicated equipment is used, it should be rinsed 

IIY 
with distilled water. Mobile decontamination supplies will be provided so that 
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* The condition of the inner well cap and casing will be noted. 

HNu reading will be taken at well head. 

The depth of static water level and NAPL thickness will be measured to 
nearest 0.01 foot and recorded from the measuring point on the well 
casing. 

The total depth of well from the same measuring point on the casing will 

be measured and recorded. 

The volume of water in the well casing will be calculated in gallons based 
on feet of water and casing diameter. (See Section 2.4.3 for calculation 

of volumes.) 

From the above calculation, the three casing volumes to be evacuated will 

be calculated. 

When evacuating a well using a hand pump, the pump intake should be 
placed: 

- for low recovery wells (wells which can be pumped dry), the pump 
intake will be placed at the bottom of the screened interval 

- for high recovery wells (little drawdown with pumping) the pump 
will be placed at the top of the screened interval 

Specific conductivity, pH, temperature, and turbidity will be measured at 
the start of purging and twice per casing volume removed. 

Purging will continue beyond three well volumes until specific conductivity, 

pH, temperature and turbidity have stabilized (less than 0.2 pH units or 
i- /- 10 percent ofr other parameters between four consecutive readings). 

~Qvf 
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Turn the vial over and tap it to check for bubbles in the vial which 
indicate air space. If air bubbles are observed in the sample vial, discard 

the sample vial and repeat the procedure until no air bubbles appear. 
Care should be taken to not overfill sample vials. Measure pH in 

"dummy" sample containers to verify that appropriate amounts of 
preservatives have been added to the containers. Do not collect samples 
for laboratory analysis into containers used for preservative level testing. 

6. Time of sampling will be recorded. 

7. The well cap will be replaced and locked and tagged. 

8. Field documentation will be completed, including the chain-of-custody. 

2.2.5 Field Quality Assurance/Quality Control Procedures and Samples 

'W 
The well sampling order will be dependent on expected levels of contamination in each 
well, if known, and will be determined prior to sampling. Sampling will progress from 
the least contaminated well to the most contaminated. Quality assurance/quality control 
(QA/QC) samples will be collected during groundwater sampling. 

Field QA/QC samples are designed to help identify potential sources of sample 

contamination and evaluate potential errcr introduced by sample collection and 
handling. All Q.A/QC samples are labeled with QA/QC identification numbers and sent 
to the laboratory with the other samples for analyses. 

Field Rinsate Sarn~les 

An equipment rinsate sample is intended to check for contamination may be contribute. 

For the well sampling operation, a rinsate sample will be collected from the sampling 

equipment (bailer) before it is used to obtain the sample. Organic free deionized water 
will be rinsed over the decontaminated sampling apparatus and transferred to the sample 

wv 
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2.4 DOCUMENTATION 

2.4.1 Field Sampling Data Sheet 

A sample collection field sheet for groundwater samples (Figure 1) will be completed 
at each sampling location. The data sheet will be completely filled in. If items on the 
sheet do not apply to a specific location, the item will be labeled as not applicable (NA). 
Well purging i~lformation will be recorded on the well purging and sampling form 
(Figure 2). Thc: information on the data sheet includes the following: 

Well number 
Method of purging 
Type of pump and pumping rate (if applicable) 
Date and time of sampling 
Depth of sample collected 
Person performing sampling 
Type of sampling equipment 
Volume of water purged before sampling 
Conductivity, temperature, and pH during evacuation (note number of well 
volumes) 
Number of samples taken 
Sample identification number 
Preservation of samples 
Record of any QC samples from site 
Any irregularities or problems which may have a bearing on sampling 
quality 

2.4.2 Field Notes 

Field notes shall be kept in a bound field book. The following information will be 
recorded using waterproof ink: 
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3.0 

CALIBRATION 

The pH meter zust be calibrated each day before taking any readings of samples and 
must be recalibrated during the day if it has been turned off after the initial calibration. 
Calibration and operation of the pH meter will follow the manufacturer's specific 
instructions. In general, calibration is done by adjusting the meter with standard buffers 
that bracket the ttxpected pH of the field water. Calibration will consist of the following 
general procedu~ es: 

1. Adjust the reading of the pH meter, by using the calibration knob with 
the electrode placed in the pH 7 buffer. Rinse the electrodes with 

distilled water between buffer adjustments. 

2. With the electrode placed in the pH 4 buffer, adjust the reading of the 

meter with the slope knob. Adjust using the temperature knob if the 

meter has no slope knob. 

3. Repeat steps 1 and 2 until the meter gives acceptable readings ( f 0.1 pH 
um.t) for all the buffers used for calibration. 

Note: Always use the same electrode for measurements that was used in the calibration. 
Recalibrate the rneter if the electrode is replaced. Although the temperature setting on 
the pH meter often does not match the sample temperature after calibration, the pH 
readings will still be accurate in these cases provided that the response to the buffers is 
correct. 

Record the the: of analysis and temperature of the buffer in the field notebook 

whenever the pEI meter is calibrated. 
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7 SAMPLE COLLECTION FIELD SHEET 
REMEDIAL LNVESTIGATION 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTIC T 

hw I SAMPLE NUMBER: 

ID ATE and TIME OF COLL6:CTION: 

I SAMPLE MEDIA: Soil Water Sediment 

I SAMPLING EQUIPMENT::- 

SAMPLING METHOD:-- 

ISAMPLE SPLIT? N O  YES SPLIT SAMPLE NUMBER: 

IQNQc SAMPLES? N o  YES Q N Q c  SAMPLE NUMBERS: 

Sample Contairle r I= Preservative Analysis Requested 

I SAMPLE DESCRIPTION: 

I COMMENTS: 

.clrr 
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Figure 1 
Sample Collection Field Sheet 



WOODWARD-CLYDE 
GROUNDWATER SAMPLE COLLECTION FIELD DATA LOG 

Project Name: - 
Location: 

I Project No. : - 
Inspector(s): - 

Iweather Conditions: -- 

Meters/Instruments 

pH: 
Temperature: 
Conductivity: 

HNu: 

I Well ID Number: 

 WELL INFORMATION SAMPLJNG 

Well Condition: 
We11 Type: 
Screened Interval (ft): 
Reference Point: 
Well Diameter: 
Well Depth (ft): 

DTW Before Sampling (fl): 
Sample Date/Time: 
Sampling Method: 
Sampling Depth: 
Sample Analysis: 
Analytical Lab: 
Sampling Observations: 

SAMPLE CHEMISTRY 

Depth to Water (ft): 
Water Column Ht. (ft): 
1 Purge Volume (gal): 

Purged Volume (gal): 
Purge DatetTime: 
Purge Method: 
Purge Depth: 
DTW After Purge (ft): 
Purge Observations: 

Temperature (C): 
pH: 
Conductivity (umhos): 

Turbidity: 
Salinity: 

AIR OUALTITY DATA (pprn) 

Background: 
Well Head: 
Purge Water: 

COMMENTS: 1; 
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Figure 2 
Groundwater Sample Collection Field Data Log 



STANDARD OPERATING PROCEDURE NUMBER 4 

SLUG TESTING 
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1.0 

PURPOSE AND SCOPE 

This document d4:fines the standard procedure for slug testing monitoring wells. This 

Standard Operating Procedure (SOP) serves as a supplement to the Chemical Data 

Acquisition Plan I~CDAP). This SOP gives descriptions of equipment and field procedures 

used to estimate the hydraulic conductivity of the aquifer. Hydraulic conductivity will be 

determined by a positive displacement test and/or a negative displacement test. 
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2.0 
SLUG TESTING PROCEDURES 

2.1 EQUIPMENT LIST 

Field equipment lo be used for the slug testing activities includes: 
E1t:ctronic water level indicator 

Fidd books 

Slug of known volume for 2-inch diameter wells 

Prt:ssure transducer (10-50 psig) 

Data logger (Hermit) and Operation Manual (Hermit) 

Weighted Measuring tape (100 feet) 

Njlon rope 

Keys to well locks 

Paper towels (organic and lint free) 
Stainless steel knife 

Camera and film 

Wiiterproof and permanent marking pens 
C b ~ k  

Appropriate health and safety equipment 

2.2 PRETEST DATA RECORDING 

Pre-test data will be collected in accordance with the following procedures: 

A. The well casing will be approached from upwind. 

B. The well cap will be unlocked and removed. 

C. Before beginning the slug test, the following information will be recorded: 
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remove or add the volume as quickly as possible because the analysis assumes an 
"instantanrmus" change in volume in the well. Falling head tests are not valid for 

wells where the water level is below the top of the screen. Only rising head test data 
should be recorded from such wells. 

C. With the moment (time) of volume addition or removal assigned time zero, the depth 

of water &ill be measured and recorded. The pressure transducer will monitor water 

level change. Care must be taken to ensure that the transducer is submerged 

throughout the test. Once the test has started, the transducer elevation must not be 

changed. 

D. The test w i l l  continue until the water level has stabilized or 90 percent of the excess 

head has clissipated. 

E. The slug testing equipment will be removed and wrapped for decontamination. 

Q* F. The well will be locked upon completion. 

G. Gloves, aluminum foiVvisquene will be disposed of as appropriate. 

H. The slug .wil l  be decontaminated before the next slug test, in accordance with the 

procedures discussed in Section 3.0 and SOP No. 7 - Decontamination. 

I. The slug test data will be downloaded from the data logger to a field printer to 

c o n f i i  the successful completion of the test prior to departing the site. 
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3.0 

DECONTAMINATION 

All slug testing equipment will be decontaminated prior to use. The slug will be 

decontaminated with: 

Soap (Liquinox) and potable water wash with scrub bnlsh 
a Potable water rinse 

a Distilled water rinse 

Air drying of the equipment 

All decontaminated equipment will be stored on clean aluminum foil sheeting or visquene, 

and the equipment will not be allowed to touch the ground adjacent to the well. 
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4.0 

SLUG TEST DATA ANALYSIS 

Slug test data will be evaluated using the method of Bouwer and Rice (1976) and Bouwer 

(1989). The Bouwer and Rice method is applicable to unconfiined and confined aquifers and 

considers the effect of partial penetration, the radius of the filter pack, and the effective 

radius of influence of the test. 
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1.0 
PURPOSEANDSCOPE 

This document defines the standard procedure for measuring water levels in wells. This 

Standard Operating Procedure (SOP) serves as a supplement to the Chemical Data 

Acquisition Plan (CDAP). This procedure describes equipment and field procedures 

necessary to collect water level measurements. The well locations and frequency of 

measurement are specified in the CDAP. This procedure is intended to be used together 

with the CDAP and other SOPS. SOP No. 7 describes decontamination procedures which 

are applicable to this SOP. 
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2.0 
WATER LEVEL MEASUREMENT PROCmURE 

2.1 EQUIPMENT LIST 

The equipment necessary to measure water levels includes: 

Solinst Model 101 water level meter or equivalent 

Two 5-gal buckets (with lids) or equivalent for decontamination 

Decontamination brushes 

Alconox soap 

Deionized or distilled water 

Potable water 

Spray bottle 

Field data sheets 

Field notebook 

Appropriate health and safety equipment 

2.2 MEASUREMENT PROCEDURE 

This section gives the sequence of events to follow when measuring water levels. 
Appropriate health and safety equipment, as described in the Health and Safety Plan (HSP) 

should be worn during well opening, well measurement, and decontamination. 

The water level probe shall be decontaminated prior to use in each monitoring 

well. Decontamination procedures are discussed in SOP No. 7. 

The well will be approached from upwind, the well cap unlocked and 

removed. 
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After any measurement is taken, the water level probe shall be 

dexontaminated as described in Section 2.3. 

2.3 DECONTAMINATION 

The water level indicator and the salinity-conductivity-temperature meter must be 

decontaminated before use, and at the conclusion of measurements. The probes will be 

decontaminated according to the procedure for decontamination of sampling equipment 

described in SOP No. 7. 

Probe decontamination will be completed at the wells and wash and rinse water will be 

discharged on the ground surface, at least 20 feet downgradient from the well. 

2.4 DOCUMENTATION 

This section describes the documentation necessary for water level measurement. 

The water level data sheet, shown as Figure 1, shall be completed during each measuring 

event. Field data sheets will include date, time, well number, total well depth, water level, 

static water elevation, salinity, specific conductance, temperature, and comments. A field 

notebook will also be kept during water level measurement activities describing 

decontamination procedures, calibration procedures, monitoring procedures, and other 

observations during water level measurement. Both the data sheets and notebook shall be 

neat and legible, and shall be signed and dated by the person completing the page. 

The depth to water, in feet below the measuring point, will be subtracted from the measuring 

point elevation to determine the elevation of the static water level. The resulting elevation 

shall be checked in the field to see that it is reasonable and that the subtraction was 

performed correctly. If there is a discrepancy, the well shall be measured again. / 
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3.0 
CALIBRATION 

The length of the water level measurement probe cord should be calibrated at least once per 

month or more often as needed to ensure the desired accuracy. The calibration check 

consists of laying out 100 feet of steel tape next to 100 feet of the probe cord. Note any 

measurement discrepancies between the two at 2-foot intervals. The probe cord shall be 

rechecked if there is a possibility it could have been stretched or damaged during water level 

measurements. 

The procedures followed during any calibration and verification of equipment shall be 

documented in the field notebook along with any calculations. If a correction is required, 
the probe will be tagged to indicate the correction. 
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Figure 1 
Water Level Data Form 
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1.0 

PURPOSE AND SCOPE 

This document defines the standard protocols for sample identification, handling, and 
documentation. This Standard Operating Procedure (SOP) serves as a supplement 
to the Chemical Data Acquisition Plan (CDAP). This procedure is intended to be 
used in conjunction with the CDAP and other SOPS. 
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2.0 
PROCEDURES FOR SAMPLE IDENTIFICATION, 

HANDLING, AND DOCUMENTATION 

2.1 SAMPLE IDENTIFICATION 

Samples collected during site activities will be assigned unique sample identification 

numbers. These numbers are necessary to identify and track each of the samples 

collected for analysis during the duration of this project. In addition, the sample 

identification numbers will be used in documentation to identify and retrieve the 

analytical results received from the laboratory as well as other data. 

Each sample will be identified by a unique alpha-numeric code which indicates the 

particular sample type and location information. 

The sample identification code developed for this remedial investigation is based on an 

identifier for the location of the sample as the first set of characters or digits and a 

second set of characters or digits designating the depth of the sample. 

The following codes are designated for the corresponding information on sample types: 

WC, MW, LW, 13CD = Monitoring Well 

S = Shallow monitoring well screened interval 
D l  = approximately 30 to 50 foot monitoring well screened interval 

D2 = approximately 90 to 110 foot monitoring well screened interval 

T - - intertidal zone transect 

US = upstream sampling location 

DS = downstream sampling location 

MB = Marine Basin sampling location 

008 = outfall 008 sampling location 
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Each of these sample type codes are followed by the sequential number of that type. 

Thus, for example, wells are numbered WC-IS, WC-2S, etc. 

The second set of codes, if used, will correspond to the depth (in units of inches) 
sampled from the surface grade. This code will differentiate samples collected at the 
same location but at different depths. Thus, the code "0-6" indicates a sampling depth 
of 0 to 6 inches. Many depths will be determined in the field based on observations at 

the time of sample collection. These depths are indicated as two codes: "a-b" and "c-d. 
These letter codes will be replaced by the numeric depth designation at the time of 

sampling. The codes "S", "Dl" and "D2" are used to indicate if a monitoring well is 

screened at a shallow or deep interval. 

Groundwater samples collected from monitoring wells will be numbered with the 
corresponding well number. Existing monitoring well numbers are maintained as 
originally assigned in previous investigations. Wells in the lagoon area have the "MW 
code changed to "LW to avoid confusion for existing wells with identical numbers but 
in different locations. Similarly, the existing well in Area 4 has the "MW code changed 

to "ECD. 

2.2 SAMPLE LABELING 

Sample labels will be filled out completely by a designated member of the sampling 

team. All sample labels shall be filled out using waterproof ink. If needed for 
protection, labels will also be covered with transparent tape. At a minimum, each label 
shall contain the following information (see Figure 1): 

site name 

sample identification code 
date and time of sample collection 
analyses requested 

sample preservation 
sample matrix 

PhucIIRIWOrtPh-SOP6 
Stratford Army Enginc Pht 
Stratford, Conuccticut 
s\C3Ml lLL\d006rp6.~51 



w 
2.3 SAMPLE HANDLING 

This section discusses proper sample containers, preservatives, and packaging and 

shipping procedures. The CDAP summarizes the information contained in this section 
and also includes the sample holding times for each analyte. 

2.3.1 Sample Containers 

Certified, commercially clean (to EPA standards) sample containers shall be obtained 
from the contract analytical laboratory. The bottles shall be labeled by the lab to 

indicate the type of analyte to be collected in the container. 

The CDAP lists appropriate sample containers for the specific analyses required for this 

project. 

2.32 Sample Preservation 

Sample preservation efforts shall commence with container preparation at the laboratory 
and will continue until analyses are performed. Required preservatives shall be prepared 
and placed in the bottles at the laboratory prior to shipment to the site. Samples will 
be stored with ice or cold packs in coolers immediately following collection to maintain 
sample temperature of approximately 4°C. Additional sample preservation requirements 

based on analytical methodology are presented in the CDAP. Freezing samples to 
extend holding times will not be permitted. 

2.3.3 Sample Packaging and Shipping 

After collection, lids far each sample container will be secured, the sample label 
attached, and samples stored with ice in an insulated cooler to maintain sample 

temperature of approximately 4°C. 

All sediment, water, and soil samples are expected to contain low concentrations of 

%Ilrly contaminants and will be shipped as environmental samples according to applicable 

P h u e I I R I W o l t P h - S O P 6  
stntford Army Eaginc P h t  
Strrttbrd, Camecticut 
r\C3Ml lLL\d006rp6.~51 



guidance documents and DOT regulations. Sample packaging and shipping procedures 
are described below: 

Secure sample bottle lids. Check that sample label is securely attached. 

Place sample bottles in recloseable clear plastic bags and wrap them with 
protective packing material. 

Tape the drain shut on the inside and outside of a waterproof metal (or 
equivalent strength plastic) cooler. 

Line the sides and bottom of the cooler with protective packing material. 

Line the cooler with a large plastic bag. 

Place vermiculite or other absorbent material in the bottom of the cooler 
in case of leakage or bottle breakage. w 
Place containers upright in the cooler in such a way that they do not 
touch. 

Pack samples with ice (either chemical ice packs or ice cubes sealed in 
plastic bags). 

Fill the cooler with cushioning material. 

Close large plastic bag in cooler and tape or secure shut. 

Place chain-of-custody form and other paperwork in a clear plastic bag 
and tape the bag to the inside lid of the cooler. 

Place address label on inside lid of the cooler. 
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Wrap the cooler completely around with strapping tape at two locations. 

Do not cover any labels. 

Place address label on top of cooler. 

a Attach "THIS SIDE U P  labels on all four sides and "FRAGILE labels 

on at least two sides and the top of the cooler. ("FRAGILE labels are 
optional for coolers not containing glass bottles). 

Affix signed custody seals on the cooler. Cover the seals with wide, clear 

tape. 

Make a copy of the airbill for the project file and place the original in a 
clear envelope secured to the cooler lid. 

2.4 HOLDING TIMES AND ANALYSES rw 
The holding time is specified as the maximum allowable time between sample collection 

and analysis and/or extraction, based on the analyte of interest and stability factors, and 
preservative (if any) used. Holding times are listed in the CDAP. Samples should be 
sent to the laboratory as soon as possible after collection by overnight express courier 
service. 

Chemical constituents which will be analyzed during the field investigation have been 
identified in the Sampling and Analysis Plan. These constituents and other parameters 
to be measured are listed in the CDAP. 

2.5 SAMPLE DOCUMENTATION AND TRACKING 

This section describes documentation required in the field notes and on the sample 

Chain-of-Custody forms. Additional information concerning documentation is presented 
in the CDAP. 
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2.5.1 Field Notes 

Documentation of observations and data acquired in the field will provide information 

on the acquisition of samples and also provide a permanent record of field activities. 
The observations and data will be recorded using pens with permanent waterproof ink 
in a permanently bound weatherproof field log book. The log book pages will be 

consecutively numbered. 

The information in the field book or on the data sheets will include the following as a 
minimum. Additional information is included in the specific SOPS regarding the data 
sheets. 

Project name 

Location of sample 
Sampler's printed name and signature 
Date and time of sample collection 

Sample identification code 
Duplicate samples (if any) 
Description of samples (matrix sampled) 
Sample type (grab or composite) 
Sample depth (if applicable) 
Analysis to be performed 
Number and volume of samples 
Sampling methods or reference to the appropriate SOP 
Sample handling, including filtration and preservation, as appropriate for 

separate sample aliquots 
Analytes of interest 
Field observations 
Results of any field measurements, such as depth to water, pH, 

temperature, and conductivity 
Personnel present 
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Level of PPE used during sampling 

Changes or deletions in the field book should be lined out with a single strike mark and 

initialed and dated by the person making the change or deletion. Sufficient information 
should be recorded to allow the sampling event to be reconstructed without relying on 
the sampler's memory. 

Each page in the field books will be signed by any persons making entries on that page. 
Anyone making entries in another person's field book will sign and date those entries. 

2.5.2 Sample Chain-Of-Custody 

During field sampling activities, traceability of the sample must be maintained from the 
time the samples are collected until laboratory data are issued. Initial information 
concerning collection of the samples will be recorded in the field log book. Information 

lyl 
on the custody, transfer, handling, and shipping of all samples will be recorded on a 
Chain-of-Custody (COC) form. An example COC form is shown on Figure 2. 

The sampler will be responsible for initiating and filling out the Chain-of-Custody form. 
The field team members are responsible for the care and custody of the samples 
collected until the samples are transferred to another individual or shipped to the 
laboratory. The field team, under the direction of the Field Manager, is responsible for 

enforcing COC procedures during fieldwork. The COC will be signed, with date and 
time, by the sampler and when the sampler relinquishes the samples to anyone else. 
Chain-of-Custody forms will accompany the samples at all times. All individuals who 

subsequently take possession of the samples will also sign, with date and time, the COC. 
Each cooler containing samples sent to the analytical laboratory will be accompanied by 
a chain-of-custody (COC) record. The COC will contain the following information: 

1 
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Sampler's signature and company affiliation 
Project number 
Date and time of collection 

Sample identification number 
Sample type 
Sample media 
Preservative used 
Analyses requested 
Number of containers 
Signature of persons relinquishing custody, dates, and times 
Signature of persons accepting custody, dates, and times 
Method of shipment 
Shipping air bill number (if appropriate) 

The chain-of-custody procedures are provided below. 

At the time of sample collection, the chain-of-custody form is completed 

for the sample collected. The sample identification number, date, type of 
sample (i.e. grab or composite), sample media, type and size of sample 
container, analysis requested, and preservation is recorded on the form. 

When the form is full or when all samples have been collected that will 
fit in a single cooler, the field team members will cross-check the form for 

possible errors and sign the chain-of-custody record. Corrections are made 
to the record with a single strike mark and dated and initialed. All entries 

will be made in blue or black ink. 

A shipping bill is completed and the shipping bill number recorded in the 
COC record prior to enclosing the COC record, placing inside a clear 
plastic bag and attaching it to the inside of the cooler lid. 

When transferring custody of the samples, the individual relinquishing custody of the 
samples will verify sample numbers and condition and will document the sample 
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wlv' 
acquisition and transfer by signing, with date and time, the COC. Samples are packaged 
for shipment and dispatched to the analytical laboratory with a separate COC form 
accompanying each cooler. 

A copy of each chain-of-custody form is retained by the sampling team for the project 
file and the original is sent with the samples. Bills of lading will also be retained as part 
of the documentation for the chain-of-custody records. 

In conjunction with data reporting, the analytical laboratory will return the original or 
a photocopy of the original COC to the Project Manager for inclusion into the central 

project file. 





FIGURE 1 

m i c a 1  Sample Label 
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1.0 

INTRODUCTION AND TYPES OF CONTAMINATION 

This document defmes the standard procedure for decontamination. This Standard Operating 

Procedure (SOP) serves as a supplement to the Chemical Data Acquisition Plan (CDAP) and 

the Site Safety and Health Plan (SSHP). The procedure is intended to be used together with 

the CDAP and the other SOPS. 

Site and/or Sample Cross-Contamination 

The overall objective of multimedia sampling programs is to obtain samples which accurately 

depict the chemical, physical, andlor biological conditions at the sampling site. Extraneous 

contaminant materials can be brought onto the sampling location andor introduced into the 

medium of interest during the sampling program (e.g., by bailing or pumping of ground 

water with equipment previously contaminated at another sampling site). Trace quantities 

of these contaminant materials can consequently be captured in a sample and lead to false 

positive analytical results and, ultimately, to an incorrect assessment of the contaminant 

conditions associated with the site. Decontamination of sampling equipment (e.g., bailers, 

pumps, tubing, soil and sediment sampling equipment) and field support equipment (e.g., 

drill rigs, vehicles) is therefore required prior to, during and after use at SAEP to ensure that 
sampling cross-contamination is prevented, and that on-site contaminants are not carried off- 

site. 

If contaminants detected in field blanks are reported above the method detection limit for any 

analytical procedure, the possible source of contamination will be investigated. If a problem 

is found, it will be corrected and samples rerun, if necessary. If no analytical problems are 

identified, the dafa will be flagged accordingly. Decontamination techniques will also be 
adjusted in the field prior to collection of additional samples. 
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2.0 
PROCEDURE 

2.1 EQUIPMENT LIST 

The following is a list of equipment that may be needed to perform decontamination: 

Bnlshes 

Wash tubs 
Buckets 
Scrapers, flat bladed 
Hot water - high-pressure sprayer 
Disposal drums (55-gallon with secure lids) 
Sponges or paper towels 
Liquinox detergent 
Methanol 
Nitric acid 
Potable tap water 
Organic free deionized water 
Garden-type water sprayers 

2.2 DECONTAMINATION 

Sampling order will be selected to minimize cross contamination. The first locations 
sampled at each site will be those expected to have the lower concentrations of contaminants 

and the sampling order will proceed to the expected higher contaminated areas. Present 
chemical data, visual site inspection, and logical contamination movement will be used to 
select sampling order. 

If PPE is upgraded to Level C, then work zones shall be required. Three work zones will 

w be established: the exclusion zone, the contamination reduction zone, and the support zone. 
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An exclusion zone is an area where contamination could or does occur. The exclusion zone 
will be demarcated using orange cones andlor flagging. All W-C or subcontractor personnel 
who enter the exclusion zone must be cleared by the SSHO, have signed a safety compliance 
agreement form, and wear the level of protective equipment specified in the Site Safety and 
Health Plan. 

The contamination reduction zones are located immediately outside the exclusion zone. This 
zone is designed to limit the migration of contaminants from potentially contaminated areas 

to noncontaminated areas. Personnel decontamination facilities wiU be located in this area. 

The support zone is an uncontaminated area. Supporting equipment and facilities will be 
located in this area. 

2.2.1 Personnel 

Personnel decontamination will be limited to removal of disposable gloves and boot covers 

for work performed while in Level D personnel protection equipment. Disposable gloves 
and boot covers will be drummed and stored on site. However, all field personnel will be 

required to wash their hands and face with water and soap prior to eating or drinking. If an 
upgrade to Level C is required, personnel decontamination will be required as follows: 

1. Wash boots and outer gloves using Liquinox/potable water wash and 
potable water rinse. 

2. Remove outer gloves and disposable coveralls and place in plastic 

bags. 

3. Remove respirator (if used) and wash and store according to 
manufacturer's instructions. 

4. Remove disposable inner gloves and place in plastic bag. 

5 .  Wash hands and face with water and soap prior to eating or drinking. 
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AU decontamination water will be allowed to evaporate on site. Decontamination refuse, and 

used protective gear for Level C work will be disposed in trash dumpsters on site. 

2.2.2 Sampling Equipment 

The following steps will be used to decontaminate sampling equipment: 

Personnel will dress in suitable safety equipment to reduce personal exposure as 

required by the Site Safety and Health Plan. 

Gross contamination on equipment will be scraped off at the sampling or 

construction site. 

Equipment that will not be damaged by water will be placed in a wash tub 

containing Liquinox and potable water and scrubbed with a bristle brush or 

similar utensil. Equipment will be rinsed with tap water in a second wash tub 

followed by a methanol rinse. The equipment will be allowed to air dry and then 

rinsed with deionized water. Equipment used for metals sampling will be rinsed 

with a 10 % nitric acid solution. 

Equipment that may be damaged by water will be carefully wiped clean using a 

sponge and detergent water and rinsed with deionized water. Care will be taken 

to prevent any equipment damage. 

Rinse and detergent water will be replaced with new solutions between borings 

or sarnyple locations. 

Following decontamination, equipment will be placed in a clean area on clean plastic 

sheeting to prevent contact with contaminated soil. If the equipment is not used 

immediately, the equipment will be wrapped in foil (shiney side out) to minimize potential 

contact with airborne contamination. 
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2.2.3 Drilling and Heavy Equipment 

Drilling rigs will be decontaminated on a decontamination pad. The decontamination pad 

will be designed to capture any water generated by the decontamination process. The 

following steps may be used to decontaminate drilling and heavy equipment: 

Personnel will dress in suitable safety equipment to reduce personal exposure as 

required by the Health and Safety Plan. 

Equipment showing gross contamination or having caked-on drill cuttings will be 

scraped with a flat-bladed scraper at the sampling or construction site. 

Equipment that will not be damaged by water, such as drill rigs, augers, drill 

bits, and shovels, will be sprayed with a hot water, high-pressure washer. Care 
will be taken to adequately clean the insides of the hollow-stem augers. 

Following decontamination, drilling equipment will be placed back on the clean drill rig. If 

the equipment is not used immediately, it should be stored in a designated clean area. 

2.2.4 Equipment Leaving the Site 

Vehicles used for noncontamination activities shall be cleaned on an as-needed basis, as 

determined by the Site Safety and Health Officer, using soap and water on the outside and 

vacuuming the inside. On-site cleaning will be required for very dirty vehicles which will 

be leaving the area. On-site construction equipment such as trucks, drilling rigs, backhoes, 

trailers, etc., will be pressure washed on-site before the equipment is removed from the site 

to limit exposure of off-site personnel to potential contaminants. 

2.2.5 Wastewater 

Wash and rinse solutions obtained from decontamination operations will be allowed to 

evaporate. Any water remaining at the end of the field program will be containerized for 

proper disposal. 
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2.2.6 Other Wastes 

Solid wastes such as used personal protective equipment will be placed in plastic bags and 

disposed in trash dumpsters on site. 

2.3 DOCUMENTATION 

Sampling personnel will be responsible for documenting the decontamination of sampling and 

drilling equipment. The documentation will be recorded with waterproof ink in the 

sampler's field notebook with consecutively numbered pages. The information entered in 
the field book concerning decontamination should include the following: 

Decontamination personnel 

Date and start and end times 

Decontamination observations 

Weather conditions 
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3.0 
QUALITY ASSURANCE REQUIREMENTS 

Field blank samples will be taken using decontaminated sampling equipment to verify the 

effectiveness of the decontamination procedures. The procedure will include rinsing organic 

free deionized water through or over a decontaminated sampling tool (such as a split spoon 

sampler or bailer) and collecting the rinsate water into the sample bottles, which will be sent 

to the laboratory for analysis. The procedure, including the sample number, will be 

recorded in the field notebook. Water used to make field blanks will be supplied by the 

analytical laboratory. 

If contaminants ddected in field blanks are reported above the method detection limit for any 

analytical procedure, the possible source of contamination will be investigated. If a problem 

is found, it will be corrected and samples rerun, if necessary. If no analytical problems are 

identified, the data will be flagged accordingly. Decontamination techniques will also be 

adjusted in the field prior to collection of additional samples. 
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1.0 

PURPOSE AND SCOPE 

This document defines the standard procedures for collecting biological tissues for 
analytical chemistry, percent moisture, and percent lipid analyses. This Standard 
Operating Procetlure (SOP) serves as a supplement to the Chemical Data Acquisition 
Plan (CDAP). This procedure presents descriptions of equipment, field procedures, and 
QA/QC procedures necessary to collect sediment samples. The sample locations and 

frequency of collection are specified in the Field Sampling Plan (FSP). 

This SOP is intended to be used in conjunction with the CDAP and several other SOPS. 
Sample identification, handling, and documentation procedures are described in SOP No. 
6. SOP No. 7 describes decontamination procedures which are also applicable to this 
SOP. Health and safety procedures and equipment that will be required during the 
investigation are detailed in the Site Safety and Health Plan (SSHP). 

4 Y I  
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2.0 

PROCEDURES FOR BIOLOGICAL TISSUE SAMPLING 

Samples for evaluation of biological tissue will be based on the availability of sedentary 
benthic organisms at the time of sampling. Ideally, a sedentary benthic organism 
consumed by humans (such as a clam or a mussel) is the test organism of choice for the 
assessment of both human health and environmental risks. A reconnaissance will be 

conducted to determine whether clams or mussels occur on either the intertidal flats or 
the jetty adjacent to SAEP and at a "background location in the river upgradient of the 
facility. If either of these organisms occur in sufficient numbers, biological tissue 
samples from one species will be collected for use in the Baseline Risk Assessment, for 
both the Environmental Evaluation and the Human Health Evaluation. 

2.1 EQUIPMENT LIST 

The following list of equipment will be needed to collect biological tissue samples: 

BioloPical Tissue Samplin~ Eaui~ment 
Clam rakes 

Five-gallon buckets 
Plastic bags 
Scrub brushes 

Field books/field sheets 
Stainless steel shucking knife 
Measuring board 
Scales 

Sample bottles provided by the laboratory 

Sample bottle labels 
Cooler with ice 

Label tape (clear) 

Paper towels 
Camera and film 

Witerproof and permanent marking pens 
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w 
Appropriate health and safety equipment, as specified in 

the SSHP 
Appropriate decontamination supplies 
Organic free deionized water 
Buoys and/or stakes to mark sampling locations. 

2.2 DECONTAMINATION 

Before clams or mussels are shucked, the shucking knife will be decontaminated 
according to the procedures contained in SOP No. 7. The knife will be decontaminated 
before shucking clams or mussels collected from different sampling locations. 

2.3 SAMPLING PROCEDURE FOR BIOLOGICAL TISSUE SAMPLING 

The procedures for collecting biological tissue samples for analytical chemistry, percent 

moisture and percent lipids are provided below. Mussels (if present) will likely be 
attached to hard surfaces such as the jetty or breakwater and may be collected by hand 1(1 
at mid to low tide. Clams (if present) inhabit the soft substrate of the intertidal flats, 

and a boat will be required to reach the clam beds (if present) during a mid to high tide. 

Caution will be used when conducting any sampling from a boat. 

Clams 

Position boat over clam bed and record the location on a site map and in 
the field log book. 

Don a clean pair of rubber or surgical gloves. 

Lower clam rake to bottom of baylriver. 

Pull clam rake through sediment and pull rake up to boat. 

Place captured clams in bucket with bay/river water. 
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Repeat steps 4 through 6 (if necessary) to obtain a sufficient quantity of 

clarns at each location to provide five replicate samples for analytical 
chemistry, percent moisture, and percent lipids analyses. 

Using baylriver water and scrub brush, scrub sediment off of clam shells. 

Lahe1 sample jars according to SOP No. 6. 

Shuck clams with decontaminated shucking knife (measure shell length 

ancl weigh meat from each clam used for analysis), place tissue in 
laboratory supplied sample jar. 

a Return unused live clams to the collection location. 

Store and document sample according to SOP No. 6. 

Record applicable information on the Sample Collection Field Sheet 
(Figure 1) and Chain-of-Custody (COC). 

Mark sampling location with either a buoy or stake for subsequent 
surveying of sample locations. 

Mussels 

Position boat in desired sampling location and record location on a site 

map and in field logbook. 

a Don surgical or rubber gloves. 

Pull mussels off of rocks or wooden breakwater by hand. If mussels are 

submerged, use clam rake to dislodge and collect mussels. 

Place mussels into bucket of baylriver water. 
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Repeat steps 3 and 4 (if necessary) to obtain a sufficient quantity of 
mussels at each location to provide five replicate samples for analytical 
chemistry, percent moisture, and percent lipids analyses. 

Using bay/river water and scrub brush, scrub sediment and/or detritus off 
of mussel shells. 

Label sample jars according to SOP No. 6. 

Shuck mussels with decontaminated shucking knife (measure shell length 
and weight meat from each mussel used for analysis), place tissue into 
laboratory provided sample jar. 

Return unused live mussels to the collection location. 

Store and document sample according to SOP No. 6.  

Record applicable information on the Sample Collection Field Sheet 
(Figure 1) and Chain-of-Custody (COC). 

Mark sampling location with either a buoy or stake for subsequent 

surveying of sample locations. 

2.4 FIELD QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Field Quality Assurance/Quality Control (QA/QC) samples are designed to help identlfy 
and minimize potential sources of sample contamination due to field procedures and to 
evaluate potential error introduced by sample collection and handling. All field QA/QC 
samples are labeled with QA/QC identification numbers and sent to the laboratory with 
the other samples for analyses. The frequency of QA/QC samples is specified in the 

CDAP. 
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2.4.1 Field Rinsate Samples 

YIY' 
An equipment rinsate sample of sampling equipment is intended to check if 
decontamination procedures have been effective. A rinsate sample will be collected 
from the decontaminated sampling equipment (shucking knife) before it is used to shuck 
the clarns/mussels. Organic-free deionized water will be rinsed over the decontaminated 
knife and transferred to the sample bottles. The same parameters that are being 
analyzed in the samples will be analyzed in the rinsate samples. The rinsate sample is 
assigned a QA/QC sample identification number, stored in an iced cooler, and shipped 
to the laboratory on the day it is collected. 

2.4.2 Duplicate Samples 

Duplicate samples are samples collected as close as possible to each other in time and 

space to check for the natural sample variance and the consistency of field techniques 
and laboratory analysis. The duplicate samples will be collected at the same time as the 
primary samples. For example, primary sample bottles for the PCB analysis will be filled 

first, then the duplicate sample bottles for PCB, and so on until all necessary sample 

u* bottles for both the primary sample and the duplicate sample have been filled. The 
duplicate sample will be handled in the same manner as the primary sample. The 
duplicate sample will be assigned a QA/QC identification number, stored in an iced 
cooler, and shipped to the laboratory on the day it is collected. 

2.4.3 Matrix Spikes and Matrix Spike Duplicates 

Matrix spikes are used to determine the long-term precision and accuracy of the 

laboratory analytical method on various matrices. For this procedure duplicate samples 
are collected with the field samples and spiking is done by the lab. Samples are labeled 
as matrix spikes for the lab. It is useful to collect enough additional sample for both the 
matrix spike and duplicate samples from the same location. 

2.4.4 Blind Spikes and/or Blanks 

The USACE may provide blind spikes and/or blanks for laboratory analysis to 

determine the accuracy of the laboratory analytical method. The samples will be 
1 l J  
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assigned a QA/QC identification number, stored in an iced cooler, and shipped to the 

laboratory on the day received. 

2.5 SAMPLE IDENTIFICATION, HANDLING, AND DOCUMENTATION 

Samples will be identified, handled and recorded as described in this SOP and SOP 
No. 6. The parameters for analysis and preservation are specified in the CDAP. 

2.6 DOCUMENTATION 

Each field activity must be properly documented to facilitate a timely and accurate 
reconstruction of events in the field (see SOP No. 6). Sample collection field sheets will 
be completed for all sediment samples submitted for chemical analysis (Figure 1). 

2.6.1 Field Logbook 

The most important aspect of documentation is thorough, organized, and accurate record 

keeping. All information pertinent to the investigation and not documented on the 
boring log will be recorded in a bound logbook with consecutively numbered pages. All 
entries in logbooks will be made in waterproof ink and corrections will consist of line-out 
deletions that are initialed and dated. Entries in the logbook will include the following, 

as applicable: 

Project name and number 
Sampler's name 
Date and time of sample collection 

Sample number, location, and depth 
Sampling method 
Sampling media 

Sample type (grab or composite) 
Sample preservation 
Observations at the sampling site 
Unusual conditions 
Information concerning drilling decisions 
Decontamination observations 
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Weather conditions 
Names and addresses of field contacts 
Names and responsibilities of field crew members 
Names and titles of any site visitors 
Location, description, and log of photographs (if taken) 
References for all maps and photographs 
Information concerning sampling changes, scheduling modifications, and 
change orders 
Summary of daily tasks and documentation on any cost or scope of work 
changes required by field conditions 
Signature and date by personnel responsible for observations 

Field investigation situations vary widely. No general rules can include each type of 
information that must be entered in a logbook for a particular site. A site-specific 
logging procedure will be developed to include sufficient information so that the 
sampling activity can be reconstructed without relying on the memory of field personnel. 
The logbooks will be kept in the field team member's possession or in a secure place 
during the investigation. Following the investigation, the logbooks will become a part 'w of the final project file. 

2.6.2 Sample Collection Field Sheet 

Sample Collection Field Sheets will be completed for each sample by the sampling 
personnel (geologist, geological engineer, or geotechnical engineer). The form is shown 
on Figure 1. Most of the information required on the field sheet will have been 
completed at the conclusion of the biological tissue sampling task. 
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SAMPLE COLLECTION FIELD SHEET 
REMEDIAL INVESTIGATION 

STR ITFORD ARMY ENGINE PLANT 
SfRATFORD, CONNECTICUT 

SAMPLE NUMBER: 

DATE and TIME OF COLLECTION: 

COLLECTED BY: 

SAMPLE TYPE: 

SAMPLE DEPTH: 

SAMPLING EQUIPMENT:- 

SAMPLING METHOD:- 

SAMPLE SPLIT? NO YES SPLIT SAMPLE NUMBER: 

QNQC SAMPLES? NO YES QNQC SAMPLE NUMBERS: 

Figure 1 
Sample Collection Field Sheet 

Sample Container 

SAMPLE DESCRIPTION: 

INSTRUMENT SCREENING: 

COMMENTS: 

Preservative Analysis Requested 
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1.0 

PURPOSE AND SCOPE 

This document defines the standard procedure for collecting sediment samples for 

analytical chemistry, physical parameter, solid phase toxicity, and benthic 
macroinvertabrate community analyses. This Standard Operating Procedure (SOP) 
serves as a supplement to the Chemical Data Acquisition Plan (CDAP). This procedure 
presents descriptions of equipment, field procedures, and QA/QC procedures necessary 
to collect sediment samples. The sample locations and frequency of collection are 
specified in the Field Sampling Plan (FSP). 

This SOP is intended to be used in conjunction with the CDAP and several other SOPS. 
Sample identification, handling, and documentation procedures are described in SOP No. 

6. SOP No. 7 describes decontamination procedures which are also applicable to this 

SOP. Health and safety procedures and equipment that will be required during the 
Wv investigation are detailed in the Site Safety and Health Plan (SSHP). 
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2.0 

PROCEDURES FOR SEDIMENT SAMPLING 

Both surface and subsurface sediment for analytical chemistry will be collected either by 
hand or vibracoring methods using plastic core tubes. Surficial sediment for physical 
parameter testing will also be collected using the core tubes. Bulk surficial sediment for 

solid phase toxicity testing and benthic macroinvertebrate community analyses will be 
collected using a standard (9 in x 9 in) Ponar grab sampler. 

2.1 EQUIPMENT LIST 

The following list of equipment will be needed to collect sediment samples: 

Sediment Sarnplin~ Eauipment 

Stainless s tee l  s tandard Ponar  grab sampler with 
appropriate length of line 
Gas-powered vibracore motor with core tube collar and 

vibrating head 
Eight foot cellulose acetate butyrate (CAB) plastic core 
tubes 
Ruler marked in 1/10 feet divisions 
Field books/field sheets 
Stainless steel knife and spatula 
Stainless steel bowls and spoons 
Sample bottles provided by the laboratory 
Sample bottle labels 

Cooler with ice 
Label tape (clear) 
Paper towels 
Camera and film 
Waterproof and permanent marking pens 
Plastic sheeting 
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Plastic bags 
Appropriate health and safety equipment, as specified in 
the SSHP 

Appropriate decontamination supplies 
Pipe cutter 
Organic free deionized water 
Buoys and/or stakes to mark sampling locations 

2.2 DECONTAMINATION 

Before sampling begins, the Ponar grab sampler, stainless steel bowls, and spoons will 
be decontaminated according to the procedures contained in SOP No. 7. The equipment 
will be decontaminated between sampling locations. Core tubes will not be 
decontaminated since a new core tube will be used at each sampling location. 

2.3 SEDIMENT SAMPLING PROCEDURE FOR ANALYTICAL AND PHYSICAL 

PARAMETER TESTING 

The procedures for collecting surface and subsurface sediment samples for analytical 
chemistry and physical parameters are provided below. A hand or vibratory corer will 
be used since it can be used to collect a relatively undisturbed sample that shows a 

profile of stratification. 

For offshore areas, a boat will be required in order to reach the designated sample 
locations. Caution will be used when conducting any sampling from a boat. 

The following procedures will be used during this sampling activity: 

Position the boat at the sampling location using NOAA nautical chart; 

USGS quadrangle, and/or onshore landmarks. 

Anchor the boat at the sampling location. 
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Record the sample location on a site map and in the field log book. 

Decontaminate stainless steel sampling equipment according to SOP No. 

7. 

Don a clean pair of rubber or surgical gloves. 

Push core tube into surface of sediment. 

Measure length of core tube above surface of water. 

Manually push or hammer the core tube into the sediment to the four foot 

depth. 

If the tube cannot be manually pushed into the sediment to the four foot 
depth, attach the vibrating collar to the top of the core tube and start gas- 
powered vibracoring motor. 

Then, guide core tube vertically into sediment to the four foot depth. 

Shut off vibracoring motor (if necessary). 

Fill core tube with water (to remove air above sedimentlwater interface) 
and cap top of core tube. 

Pull core tube out of sediment, as bottom of tube breaks water surface cap 
bottom of core. 

Measure the sediment in the core tube to determine depth of penetration 

and recovery. 

Transfer (using a decontaminated spoon) each selected depth interval of 
sediment into separate stainless steel bowls. 
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Repeat the steps for pushing and retrieving the core tube to obtain a 
sufficient quantity of sediment for all chemical and physical analyses. 

Label sample jars according to SOP No. 6. 

Homogenize sediment from each depth interval and transfer the sediment 
into appropriate sample containers using the decontaminated spoon. 

Individual bottles will be filled in the following order: 
- PAHs 
- PCBs 
- Metals 
- Physical parameters 

Fill the appropriate sample container for geotechnical analyses with 

sediment from the 0 to 6 inch interval. 

Return unused sediment to the collection location. 

Store and document sample according to SOP No. 6. 

Record applicable information on the Sample Collection Field Sheet 
(Figure 1) and Chain-of-Custody (COC). 

Mark sampling location with either a buoy or stake for subsequent 
surveying of sample locations. 

2.4 SEDIMENT SAMPLING PROCEDURE FOR TOXICITY TESTING 

The procedure for collecting bulk surface sediment for use in the solid phase toxicity 

tests are provided below. The standard Ponar grab sampler will be used to collect 

sediments for toxicity testing, as it will sample to a depth of approximately six inches and 
will generally collect a sufficient volume of sediment (one gallon) in one grab. 
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Anchor boat at sampling location. 

Measure and record water quality parameters (dissolved oxygen, 
temperature, salinity, conductivity, and pH) using the appropriate 
instruments. The instrument probes shall be lowered into the water to the 
mid-depth interval. 

Decontaminate Ponar grab, stainless steel bowl and spoon. 

Attach Ponar grab to appropriate length of line, and tie free end of line 

to fixed support to prevent accidental loss of Ponar grab. 

Open jaws of Ponar grab until latched. 

Slowly lower Ponar grab through the water columrl until it contacts 

sediment. 

Allow line some slack, and slowly retrieve Ponar grab. 

Open Ponar grab over stainless steel bowl, allowing bowl to catch 
sediment. 

Repeat the steps for lowering and retrieving the Ponar (if necessary) to 
obtain sufficient quantity of sediment for toxicity testing. 

Homogenize the sediment in a decontaminated stainless steel bowl using 

a decontaminated stainless steel spoon. 

Label sample bottles and fill with homogenized sediment. 

8 Replace caps on sample bottles and place in cooler, on ice. 

Record all appropriate data in field logbook. 

Fill out chain-of-custody forms. 
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2.5 SAMPLING PROCEDURE FOR COLLECTING BENTHIC 

MACROINVERTABRATE COMMUNITY SAMPLES 

Sediment for benthic macroinvertebrate community analyses will be collected with a 
standard Ponar grab sampler following the same basic procedure described in Section 
2.4, except that three replicate grab samples will be collected at 15 of the sediment 
sampling locations and the replicates will not be homogenized. If the grab sampler is 
not completely full, the sample will be discarded and another attempt will be made to 
obtain a full sample. Each full replicate sample will be removed from the Ponar grab 
and processed as follows: 

Transfer contents of Ponar grab into a 500 micron mesh sieve. 

Sieve sample using river water to remove fine sediments. 

Place sieved samples into labeled sample containers and preserve sample 
using a 10 percent buffered formalin solution with Rose Bengal stain. 

Record all appropriate data in field logbook. 

Package samples to prevent breakage and transport samples to WCC 
laboratory for processing and analysis. 

2.6 FIELD QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Field Quality Assurance/Quality Control (QA/QC) samples are designed to help identify 
and minimize potential sources of sample contamination due to field procedures and to 
evaluate potential error introduced by sample collection and handling. All field QA/QC 
samples are labeled with QA/QC identification numbers and sent to the laboratory with 
the other samples for analyses. The frequency of QA/QC samples is specified in the 

CDAP. 
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2.6.1. Field Rinsate Samples 
rrrw 

An equipment rinsate sample of sampling equipment is intended to check if 

decontamination procedures have been effective. A rinsate sample will be collected 

from the decontaminated sampling equipment before it is used to obtain the sample. 

Organic-free deionized water will be rinsed over the decontaminated sampling apparatus 
and transferred to the sample bottles. The same parameters that are being analyzed in 

the samples will be analyzed in the rinsate samples. The rinsate sample is assigned a 
QA/QC sample identification number, stored in an iced cooler, and shipped to the 
laboratory on the day it is collected. 

2.6.2 Duplicate Samples 

Duplicate samples are samples collected as close as possible to each other in time and 
space to check for the natural sample variance and the consistency of field techniques 
and laboratory analysis. The duplicate samples will be collected at the same time as the 
primary samples. For example, primary sample bottles for the PAH analysis will be filled 

'IIW 
first, then the duplicate sample bottles for PAH, and so on until all necessary sample 
bottles for both the primary sample and the duplicate sample have been filled. The 
duplicate sample will be handled in the same manner as the primary sample. The 
duplicate sample will be assigned a QA/QC identification number, stored in an iced 
cooler, and shipped to the laboratory on the day it is collected. 

2.6.3 Matrix Spikes and Matrix Spike Duplicates 

Matrix spikes are used to determine the long-term precision and accuracy of the 
laboratory analytical method on various matrices. For this procedure duplicate samples 
are collected with the field samples and spiking is done by the lab. Samples are labeled 
as matrix spikes for the lab. It is useful to collect enough additional sample for both the 

matrix spike and duplicate samples from the same location. 

2.6.4 Blind Spikes and/or Blanks 

The USACE may provide blind spikes and/or blanks for laboratory analysis to 

Y determine the accuracy of the laboratory analytical method. The samples will be 
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assigned a QA/QC identification number, stored in an iced cooler, and shipped to the 
laboratory on the day received. 

2.7 SAMPLE IDENTIFICATION, HANDLING, AND DOCUMENTATION 

Samples will be identified, handled and recorded as described in this SOP and SOP 
No. 6. The parameters for analysis and preservation are specified in the CDAP. 

2.8 DOCUMENTATION 

Each field activity must be properly documented to facilitate a timely and accurate 
reconstruction of events in the field (see SOP No. 6). Sample collection field sheets will 
be completed for all sediment samples submitted for chemical analysis (Figure 1). 

2.8.1 Field Logbook 

The most important aspect of documentation is thorough, organized, and accurate record 

keeping. All information pertinent to the investigation and not documented on the 
boring log will be recorded in a bound logbook with consecutively numbered pages. All 

entries in logbooks will be made in waterproof ink and corrections will consist of line-out 
deletions that are initialed and dated. Entries in the logbook will include the following, 
as applicable: 

Project name and number 
Sampler's name 
Date and time of sample collection 
Sample number, location, and depth 
Sampling method 
Sampling media 

Sample type (grab or composite) 
Sample preservation 

Observations at the sampling site 
Unusual conditions 
Information concerning drilling decisions 

Decontamination observations 
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Weather conditions 
Names and addresses of field contacts 
Names and responsibilities of field crew members 
Names and titles of any site visitors 
Location, description, and log of photographs (if taken) 
References for all maps and photographs 
Information concerning sampling changes, scheduling modifications, and 

change orders 
Sunlmary of daily tasks and documentation on any cost or scope of work 
changes required by field conditions 
Signature and date by personnel responsible for observations 

Field investigation situations vary widely. No general rules can include each type of 
information that must be entered in a logbook for a particular site. A site-specific 
logging procedure will be developed to include sufficient information so that the 
sampling activity can be reconstructed without relying on the memory of field personnel. 
The logbooks will be kept in the field team member's possession or in a secure place 
during the investigation. Following the investigation, the logbooks will become a part 

of the final project file. 

2.8.2 Sample Collection Field Sheet 

Sample Collection Field Sheets will be completed for each sample by the sampling 
personnel (geologist, geological engineer, or geotechnical engineer). The form is shown 
on Figure 1. Most of the information required on the field sheet will have been 
completed at the conclusion of the sediment sampling task. 
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Sediment 

Figure 1 
Sample Collection Field Sheet 

SAMPLE COLLECTION FIELD SHEET 
REMEDIAL INVESTIGATION 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

SAMPLE NUMBER: 

DATE and TIME OF COLLECTION: 

COLLECTED BY: 

SAMPLE MEDIA: Soil Water 

SAMPLE DEPTH: 

SAMPLING EQUIPMENT:- 

SAMPLING METHOD:- 

SAMPLE SPLIT? NO YES SPLIT SAMPLE NUMBER: 

QAIQC SAMPLES? NO YES QA/QC SAMPLE NUMBERS: 

Sample Container 

SAMPLE DESCRIPTION: 

INSTRUMENT SCREENING: 

COMMENTS: - - - -- - - - - - 

Preservative Analysis Requested 





STANDARD OPERATING PROCEDURE NUMBER 10 

PHYSICAL PROPERTY TESTING 
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1.0 

PURPOSE AND SCOPE 

This document defines the standard procedures to be used for physical property testing of 

soil samples. It is anticipated that these procedures will be performed in an off-site 

laboratory. This Standard Operating Procedure (SOP) serves as a supplement to the 

Chemical Data Acquisition Plan (CDAP). The ASTM standard practices to be used are 

referenced in this SOP, and they include complete descriptions of procedures necessary to 

perform physical property testing. Actual laboratory methods may be modifications of these 

ASTM standard practices or based on other regulatory guidance standards. The laboratory 

will prepare a QA plan presenting analytical standard practices and ~nethodologies, and 

laboratory techniques and procedures. 

The following ASTM standard practices will be used: 

D1452-80 STANDARD PRACTICE FOR SOIL INVESTIGATION AND SAMPLING 

BY AUGER BORINGS 

D1586-84 STANDARD METHOD FOR PENETRATION TEST SPLIT-BARREL 

SAMPLING OF SOILS 

D1587-83 STANDARD PRACTICE FOR THIN-WALLED TUBE SAMPLING OF 

SOILS 

D2937-83 STANDARD TEST METHOD FOR DENSITY OF SOIL IN PLACE BY 

THE DRIVE-CYLINDER METHOD 

D4220-89 STANDARD PRACTICES FOR PRESERVING AND TRANSPORTING 

son, SAMPLES 

D2487-85 ST.ANDARD TEST METHOD FOR CLASSIFICATION OF SOILS FOR 

EN GINEERTNG PURPOSES 
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w 
STANDARD PRACTICE FORDESCRIFTON AND IDENTIFICATION OF 

SOILS (VISUAL-MANUAL PROCEDURE) 

STANDARD PRACTICE FOR DRY PRFJARATION OF SOIL SAMPLES 

FOR PARTICLE-SIZE ANALYSIS AND DETERMINATION OF SOIL 

CONSTANTS 

STANDARD METHOD FOR PARTICLE SIZE ANALYSIS OF SOILS 

STANDARD TEST METHOD FOR MATERIALS FINER THAN 75 

MICRONS (NO. 200) SIEVE IN MINERAL AGGREGATES BY WASHING 

STANDARD TEST METHOD FOR LIQUID LIMIT, PLASTIC LIMIT, 
AND PLASTICITY INDEX OF SOILS 

STANDARD METHOD FOR LABORATORY DETERMINATION OF 

WATER (MOISTURE) CONTENT OF SOIL, ROCK, AND SOIL- - 
AGGREGATE MIXTURES 

STANDARD SPECIFICATION FOR THERMOPLASTIC WATER WELL 

CASING PIPE AND COUPLINGS MADE IN STANDARD DIMENSION 

RATIOS (SDR) 

STANDARD SPECIFICATION FOR PORTLAND CEMENT 

STANDARD SPECIFICATION FOR REAGENT WATER 

STANDARD TEST METHODS FOR MOISTURE, ASH, AND ORGANIC 

MATTER OF PEAT AND OTHER ORGANIC SOILS 
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INTRODUCTION 

This Site Safety and Health Plan (SSHP) establishes guidelines and requirements for safety 

of personnel during the performance of field activities associated with remedial investigations 

at the Stratford Army Engine Plant (SAEP). All employees and subcontractors of 

Woodward-Clyde (W-C) involved in field activities for this project are required to abide by 

the provisions of this SSHP. They are required to read the SSHP and sign the attached 

Safety and Health Plan Compliance Agreement. This SSHP is prepared in accordance with 

OSHA Regulations 29 CFR Part 1910.120 (Hazardous Waste Operations and Emergency 

Response, Final Rule - March 6, 1989). 

The health and safety guidelines and requirements presented herein are based on a review 

of available information and an evaluation of potential hazards. Because of the variety of 

possible work activities and site conditions which may be encountered and the uncertainties 

associated with potential health effects from exposures to various constituents which may be 
present, no guarantees can be made regarding the potential for health effects associated with 

field activities at the SAEP. This SSHP describes the health and safety procedures and 

equipment required for activities at the SAEP to reduce the potential far exposure of field 

personnel. 
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FORWARD 

W-C has been retained by the Department of the Army, Corps of Engineers, Omaha District 
(USACE) to conduct sampling activities at the SAEP. This SSHP is only for activities 

defined in the Phase II Remedial Investigation Work Plan. 

Regulations applying to the proposed field activities during the remedial investigations are 
listed below. These regulations will be enforced during all activities described in this SSHP. 

Government Regulations Sub-iect 

FAR Clause 52.236-13 Accident Prevention 

USACE EM 385-1-1 Safety and Health Requirements Manual 

OSHA 29 CFR 1926 Construction Industry Standards 

OSHA 29 CFR 1910 General Industry Standards 

OSHA 29 CFR 1910.120 Hazardous Waste Site Operations and 

Emergency Response 

OSHA 29 CFR 1910.20 

OSHA 29 CFR 1904 

OSHA 29 CFR 1910.1000 

OSHA 29 CFR 1910.134 

NIOSH/OSHA/USCG/EPA 
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OSHA Permissible Exposure Limits 

Respiratory Protection 

Occupational Safety and Health 

Guidance Manual for Hazardous Waste 

Site Activities 
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SITE INFORMATION 

2.1 SITE DESCRIPTION 

SAEP is an industrial facility which is mostly paved or covered by buildings. Surrounding 

land uses are mainly light industrial, commercial, and residential. 

2.1.1 SITE LOCATION 

SAEP is located in Stratford, Connecticut, on the Stratford Point peninsula in the southeast 

comer of Fairfield County. The plant lies on the borders of the Bridgeport and Milford 
United States Geological Survey (USGS) Quadrangles (Figure 2-1). Latitudinal and 

longitudinal coordinates of SAEP are approximately 41'10' North and 73"07' West. The 

property consists of about 126 acres including about 49 acres of riparian rights along the 

Housatonic River. Existing property features are shown in Figure 2-2. 

2.1.2 SITE OWNERSHIP AND OPERATIONS HISTORY 

The SAEP property was used for agriculture until 1929 when the first manufacturing facility 

was built on about 26 acres. The property has been used for development, manufacture, and 
assembly of aircraft or engines since 1929. The plant history has been categorized into the 

following periods: 

1929 to 1939: Sikorsky Aero Engineering Corporation developed and 

manufactured sea planes at the Stratford plant from 1929 to 1939. 

1939 to 1948: Chance Vought Aircraft located its operations at the Stratford 
plant in 1939, and the company became known as the Vought-Sikorsky 

Aircraft Division. Sikorsky developed the first helicopter, but left the plant 

in 1943 because of overcrowding. Chance Vought developed the "Corsair" 

for U. S. Navy, and mass produced Corsairs during World War II. Chance 
Vought vacated the Stratford plant in 1948. 
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1948 to 1951: The Stratford plant was idle. 

1951 to 1976: The U.S. Air Force procured the plant in 1951 and named it 

Air Force Plant No. 43. The Bridgeport Lycoming Division of the Avco 

Corporation was contracted by the Air Force to operate the plant. Avco 

developed and manufactured radial engines in the 1950s, and turbine engines 

in the 1960s and 1970s. 

1976 to Present: The plant was transferred from the U.S. Air Force to the 

Army in 1976; at that time the plant was renamed the Stratford Army Engine 

Plant (SAEP). Avco was contracted by the Army to develop the AGT-1500 

engine to power the Abrams tank. Avco also developed and manufactured 

marine and industrial engines. Avco merged with Textron in December 1985 
and formed Textron Lycoming. Allidsignal Aerospace purchased Textron 

Lycoming in 1994. Today, turbine engines for military and commercial 

aircraft, as well as land vehicles, continue to be developed, manufactured, and 

tested at SAEP. Figure 2-2 shows the layout of the site, including building 

locations. 

2.2 SUMMARY OF FINDINGS FROM THE PHASE I REMEDIAL 
INVESTIGATION 

This summary presents the results of the second phase of an environmental assessment of 

SAEP - the Phase I Remedial Investigation (RI) - in which physical and chemical data on site 

conditions were gathered and evaluated. Results of the findings of the RI, concluded on June 

of 1993, are summarized below. 

2.2.1 Physical Characterization 

The site is underlain by ffl, peat, silt and glacial deposits which are variable 

in lateral extent and thickness across the site. 
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Groundwater flow at the site is generally in a northerly direction, toward the 

intertidal flats in the shallow and deep aquifer zones of the underlying aquifer. 

During high tide there is a reversal of flow (southerly) in the deep aquifer 

zone within 500 ft  of the shore. This effect is not evident in the shallow 

aquifer zone. 

The water table is relatively flat across the site, but steepens within 500 ft  of 

the shore. 

The average hydraulic conductivity of the deep and shallow aquifer zones 

(from slug tests) is 3.6 fttclay (1.3 x 10 " cmlsec). These values appear to 

be consistent for the lithologies that were encountered during drilling at the 

site. 

a There is generally an upward vertical gradient between the deep zone and 

shallow zone in the immediate vicinity of the shore line. The vertical gradient 

between the two aquifer zones varies between upwiird and downward 

throughout the remainder of the site. 

2.2.2 Chemical Characterization 

2.2.2.1 Soil 

Volatile Organics 

The highest levels of VOs were detected in the vicinity of B-13 and B-15. 

The highest levels were below 10,000 pglkg (10 mglkg). At such levels these 

compounds are probably not of concern in terms of potential human contact 

or contact with groundwater. 

The types of volatile compounds detected are consistent with past and present 

site activities. 
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Base Neutrals 
w 

With minor exceptions, BNs were generally detected in total concentrations 

of less than 15,000 &kg (15 mgikg). At such levels these compounds are 

probably not of concern in terms of potential human contact or contact with 

groundwater. 

The PAH BNs detected are consistent with past and present site activities. 

The ubiquitous presence of phthalates is not obviously consistent with site 

activities. 

Acid Extractables 

The highest concentration of acid extractable compounds was about 

6,000 &kg (6 mgikg); most were below 100 pglkg. At such levels these 

compounds are probably not of concern in terms of potential human contact 

or contact with groundwater. r 
The source of AE compounds in SAEP soils is not known. 

PCBs 

The levels of PCBs detected in SAEP soils are acceptable for industrial 

propem site use. 

a The source of PCBs in the northwest end of Area 3 is not known. 

Cyanide 

Cyanide was not detected and is therefore not an issue for SAEP soils. 

Metals 
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Slightly elevated total metal concentrations in SAEP soils may not be of 

concern based on companion TCLP results. Lead concentrations in the area 
of B-13 and B-15 will probably become an issue if this soil was to be 
excavated and disposed. 

Me,tals detected in SAEP soil appear to be consistent with past and present 
site activities with the possible exception of antimony. 

2.2.2.2 Groundwater 

Volatile Organics 

Shallow groundwater appears to have been impacted by releases of solvents 

andlor waste solvents, primarily chlorinated hydrocarbons. 

The highest concentrations of chlorinated compounds are in areas adjacent to . 
solvent storage tanks and/or degreaser areas indicating these areas are or were 
possible sources of shallow groundwater contamination. 

The difference in the contaminants detected in deep wells WC-2D and PZ-9D 

suggests different sources of contamination. The very low ground water 
gradients make it impossible to conclusively state that there is an off-site 
source of the deep contamination in PZ-9D. 

WCI-2D may be more contaminated than the adjacent shallow well because: 

- the shallow water bearing zone is subject to "flushing" by tidal effects 
thus removing the residual sources; and/or 

- there may be an unidentified upgradient source from which 

constituents have migrated downward into the deeper zone. 
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There is, in most wells, a decrease in contaminant concentration from 

Round 1 to Round 2. This could be a function of a higher groundwater level 
accessing the residual source in the soil to a larger extent in Round 1. 

There is also evidence that there has been a release(s) of gasoline or kerosene 
(jet fuel). This is evidenced by the presence of BTEX compounds at a 
number of locations. 

Base NeutraVAcid Extractables 

BNIAE compounds have not significantly impacted groundwater quality in the 
shallow aquifer. 

PCBsIC yanide 

Neither PCBs nor Cyanide have impacted groundwater quality in the shallow 

aquifer. 

Metals 

There is no clear pattern to the distribution of wells that have exceedances of 
one or more metals. Exceedances are randomly distributed across the site 

with the majority and highest exceedances occurring in wells in Area 3 

adjacent to the tidal flats, and in Area 4 wells. 

The metals most frequently found in the groundwater are consistent with 

industrial activities (plating, manufacturing, etc.) . 

The metals found in groundwater were consistent with those found in the soil 

(with the exception of antimony which was not found in exceedance of the 
MCLs in groundwater). 

Rmdd Investigation Wok Plan - SSHP 
Stratford Amy Engine Plant 
Stratford, Connecticut 
s : \UMl  lLL\dOlShrp.w51 



2.2.2.3 Sediment 

Volatile Organics 

Volatile organic compounds have not significantly impacted sediment at the 

locations sampled except at the tidal flat outfall location 02 near the tank 

farm. Sediment at this location appears to have been impacted by release(s) 

of gasoline or kerosene (jet fuel) evidenced by the presence of BTEX 

comnpounds. This location is also near the shallow monitoring wells where the 

highest concentrations of VOs were detected in groundwater. 

Elevated levels of PAHs were detected in the sediment samples from most of 

the tidal flat outfall locations, from the three tidal flat locations and from the 

two Area 8 tidal drainage ditch locations, while no PAHs were detected in the 

intertidal background samples. Sediment at these locations appear to have 

been impacted by a petroleum product related release(s). The vertical extent 

of PAH contamination was not defined at most sample locations evidenced by 

the fact that PAHs were detected in the deep (12 to 24 inches) as well as the 

shallow (0 to 12 inches) samples with some locations having higher deep PAH 

concentrations than the shallow samples. 

Phthalates were detected in both the site samples as well as in the intertidal 

background samples, and therefore may not be attributable to releases from 

The sediment at the locations sampled has not been significantly impacted by 

halogenated hydrocarbons. 

Elevated levels of miscellaneous BNs were detected in the Area 8 tidal 

drainage ditch sediment samples. 
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Acid Extractables 

The sediment at the locations sampled has not been significantly impacted by 

acid extractable compounds. 

PCBs 

PCBs were detected at more than half the sample locations with the shallow 

and deep samples from the tidal flat outfall location 02 having significantly 

higher (greater than an order of magnitude) concentrations than the other 

locations. The fact that no PCBs were detected in the intertidal background 

sample suggests that their occurrence may be related to past or present SAEP 

activities. 

Cyanide 

Elevated levels of cyanide were detected in samples from the two Area 8 tidal w 
drainage ditch locations as well as from the tidal flat outfall locations 04 and 

05. 

Metals 

Elevated levels of metals, relative to the intertidal background samples, were 

detected in most of the sediment samples from the site with the concentrations 

of some metals being one to two orders of magnitude more than the intertidal 

background samples. The metals detected in elevated concentrations are 
consistent with past and present site activities. 
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2.2.2.4 Surface Water 

Volatile Organics 

The low concentrations of halogenated aliphatics detected in surface water 

samples from the intertidal outfall locations 04 and 07 as well as from the two 

Area 8 tidal drainage ditch locations are probably associated with the effluent 

from outfalls 07 and 08. These outfalls were continuously discharging at the 

time of the sampling. These low concentrations may have little impact on the 

marine aquatic life in the adjacent waters because the effluent is diluted 

relatively quickly evidenced by the fact that these analytes were not detected 

or detected at very low concentrations at the tidal flat sample locations. 

The detected concentrations of the ketone 2-propanone in samples from the 

Area 8 tidal drainage ditch are probably associated with the effluent from 

outfall 08 which was continuously discharging at the time the samples were 

collected. 

Monocyclic aromatic hydrocarbons have not impacted surface water quality 

in the vicinity of the SAEP. 

PAHs were only detected at very low concentrations at two sample locations 

and have not impacted surface water quality. 

Acid Extractables 

Acid extractables were only detected at very low concentrations at two sample 

locations and have not affected surface water quality. 
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Cyanide 

Cyanide was only detected in the sample from the tidal flat outfall location 07 
at a concentration which exceeds the USEPA acute and chronic criteria for the 

protection of marine aquatic life. Even though the concentration of cyanide 
detected exceeds the criteria it may not impact marine aquatic life based the 
fact that USEPA developed the criteria on an acid soluble concentration basis 

and the criteria may be overly protective. 

Metals 

Elevated levels of some metals, relative to the intertidal background samples, 
were detected in more than half of the surface water samples from the tidal 
flat outfall locations and Area 8 tidal drainage ditch location 08-BG with the 

concentrations of some metals being an order of magnitude more than the 
intertidal background sample. The relatively high concentrations of some 
metals at these locations are probably associated with manufacturing processes 
at SAEP. The elevated concentrations of these metals appear to be diluted 
relatively quickly because the concentrations of these metals detected in the 
three tidal flat samples located a few hundred feet away were considerably 

lower than those detected in the tidal flat outfall location samples. Even 
though there were some exceedances of the USEPA criteria for copper, lead, 

mercury and zinc at some sample locations marine aquatic life may not be 

impacted on the basis that the USEPA developed the criteria on an acid 
soluble concentration basis and the criteria may be overly protective. 

2.3 PREVIOUS E3MRONMENTAL INVESTIGATIONS 

Several previous investigations at SAEP have involved sampling and chemical analysis ok 

environmental media. In addition, analytical data collected in compliance with permits are 
available. This section of the report briefly summarizes the results of the previous 
investigations and other analytical work. 
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2.3.1 National Pollution Discharge Elimination System Permit Monitoring 

Water samples collected at Outfalls 007 and 008 (see Figure 2-2) have been analyzed in 

compliance with the facility National Pollution Discharge Elimination System (NPDES) 

permit. Water discharging from the Oil Abatement Treatment Plant (OATP) goes to Outfall 

007, and Outfall 008 receives discharges from the Chemical Waste Treatment Plant (CWTP). 

The permitted average daily concentrations (ADC) of certain analytes were exceeded at 

different times between 1980 and 1984. For Outfall 007, phenols, total suspended solids, 

and oil and grease occasionally exceeded ADC limits of 0.1, 20, and 10 parts per million 

(ppm), respectively. At Outfall 008, the following analytes occasionally exceeded the 

indicated ADC limits: hexavalent chromium (0.1 ppm), total chromium (1.0 ppm), nickel 

(1.0 ppm), cadmium (0.1 ppm), total suspended solids (10 ppm), and pH (maximum of 

8.75). 

The NPDES permit issued in 1985 added outfalls 001, 002, 003, 004, 005, and 006, which 

discharge intermittent storm water. In addition, permit requirements included maximum 

daily and average monthly concentrations for various analytes. Textron followed the 1985 

NPDES permit conditions while the draft 1990 NPDES permit was reviewed by CDEP. 

During calendar year 1990, several permit violations were noted (W-C, 1991): average daily 

flow limitations were exceeded at both outfalls, maximum daily concentration limitations 

were exceeded for nickel and cyanide, and the limitation for total toxic organics was 

exceeded. 

The 1990 NPDES permit was approved July 10, 1991, and it added toxicity testing to the 

monitoring program. The first Aquatic Toxicity Monitoring Report (dated November 7, 

1991) documented toxicity and analytical results which were within permitted limits. 
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2.3.2 Buildings B-10 and B-70 

Greenish-blue groundwater was observed during construction activities at the cyanide 

destruction facility (B-70, mid-1980s) and the recuperator manufacturing building (B-10, late- 

1970s). A subsurface investigation was completed in 1986 to evaluate the soils in the area. 

East Coast Drilling, Inc. drilled ten test brings and collected soil samples for analysis by 

Environmental Monitoring Laboratory, Inc. Soil samples were collected above and below 

the water table, and were analyzed for the EP Toxicity metals. No metals were detected in 

five of the test borings. In the remaining brings, the following metals were detected in the 

indicated concentration ranges: total chromium (not detected (nd) to 0.64 pprn), hexavalent 

chromium (nd to 0.42 pprn), copper (nd to 0.34 pprn), and nickel (nd to 0.48 pprn). The 

maximum concentrations for total and hexavalent chromium were found at 18 to 20 feet 

below land surface. The highest concentrations of copper and nickel were found at a depth 
of 8 to 10 feet below land surface. All of the detectable metals occurred at or below the 

ground water table. Two of these brings were converted to monitoring wells. These wells 

were reportedly sampled, but results were not available as of the preparation of this report. 

2.3.3 Discharge Toxicity Evaluation 

IPC Corporation performed a discharge toxicity evaluation of Outfalls 007 and 008 in 1988. 

The complete evaluation involved acute toxicity tests towards freshwater and marine 

organisms, chemical analysis of the effluents, and a dye dispersion study. Effluent samples 

were collected on three dates. 

PC's  report states that the following analytes were detected in effluent samples from 

Outfall 007: copper (nd to 0.09 ppm) , zinc (0.18 to 0.27 ppm) , oil and grease (2 to 5 pprn), 

phenols (nd to 0.08 pprn), ammonia (nd to 1.17 pprn), and 1 , 1,l-trichloroethane (0.058 to 

2.4 pprn). Toxicity testing was conducted with 100 % effluent, using Da~hnia ~ u l e x  and the 

fathead minnow as the test organisms @. pulex is a type of crustacean commonly referred 

to as "water flea"). One of the three samples showed toxicity to Q. pulex, and also contained 

the maximum observed concentration of 1 , 1 , 1-trichloroethane. No effects were observed in 

the test using the fathead minnow. 
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The following analytes were reported by IPC to be present in effluent samples from Outfall 

008: ammonia (nd to 1.7 ppm) , total chromium (nd to 0.40 ppm) , hexavalent chromium (nd 
to 0.05 pprn), copper (0.12 to 2.14 pprn), nickel (nd to 0.13 pprn), zinc (nd to 0.01 pprn), 
chloroform (0.007 ppm) and 1 , 1 , 1 -trichloroethane (0.019 pprn). Toxicity was evaluated 

using mysid shrimp and the sheepshead minnow. Some degree of toxicity was observed for 
both of the organisms. The IPC report suggested that the toxic effects may have been 

associated with copper concentrations in the effluent. Since the time of the IPC Corporation 
report, toxicity testing was added to Textron's NPDES permit monitoring requirements. The 

first Aquatic Toxicity Monitoring Report (dated November, 1991) documented toxicity and 
analytical results which were within permitted limits. 

2.3.4 Tank Farm Near Building B-34 

Soil and groundwater conditions in the area near the tank farm at B-34 (Figure 2-2) were 
evaluated in a subsurface investigation by Zecco, Inc. (1990). Seven test borings were 
drilled and soil samples were collected at 5-foot intervals. One soil sample from each boring 

j u l ) t  was composited from all the depths sampled, and was analyzed for total petroleum 

hydrocarbons (TPH). Four of the borings were converted to monitoring wells, which were 
sampled and analyzed for volatile organic compounds and TPH. 

Analytical results for the composite soil samples show that six of the seven borings contain 
measurable levels of TPH, ranging from 43 to 5500 ppm. The highest concentrations were 
in the borings adjacent to B-16 (MW-2 and MW-3 on Figure 2-2). Groundwater from MW- 
1 contained no detectable TPH or volatile organic compounds. The remaining three wells 

contained the indicated ranges of the following analytes: TPH (2.9 to 15.0 pprn), benzene 

(0.017 to 0.620 pprn), ethylbenzene (0.017 to 0.077 pprn), and xylenes (0.009 to 0.086 

pprn). The overall highest concentrations of these analytes were in MW-2. 
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2.3.5 Groundwater Assessment Monitoring Program 

Prior to 1989, four lagoons (one equalization lagoon and three sludge storage lagoons) 

existed on site and were regulated under the Resource Conservation and Recovery Act 

(RCRA). Spent plating baths were discharged to the equalization lagoon. Wastewater from 

this lagoon was pumped to a chemical waste treatment plant, converted to a metal hydroxide 

sludge, and finally pumped to the sludge storage lagoons. Groundwater monitoring wells 

were installed and sampled beginning in 1981, although changes in the requested analytical 

parameters resulted in the consideration of the 1983-1984 data as the "first year" of record. 

Metcalf and Eddy, Inc. (1987) reported the monitoring results. The lagoons were closed in 

1989, but the monitoring program continued as required under RCRA closure. ESE 
completed the most recent monitoring report, the "seventh year" annual summary for 1990. 

This section summarizes the conclusions of the two groundwater assessment monitoring 
reports: Metcalf and Eddy, Inc, 1987, and ESE, Inc, 1991. 

Metcalf and Eddy, Inc. (1987) reported that five monitoring wells were installed in 1981, 

two were installed in 1983, and six were installed in 1985, for a total of thirteen monitoring 

wells in the lagoon area. The Connecticut Department of Environmental Protection (CDEP) 

specified the following analytical parameters for the monitoring program: cadmium, 

hexavalent chromium, total chromium, copper, mercury, nickel, zinc, amenable cyanide, 

total cyanide, pH, halogenated volatile organics, aromatic volatile organics, specific 

conductivity, total organic carbon, and total organic halogens. The "first year" results 

(1983-1984) indicated that Connecticut Public Drinking Water Code (CPDWC) standards 

were exceeded in samples from MW-1 through MW-5 for total chromium, hexavalent 

chromium, total cyanide, trichloroethylene, and tetrachloroethylene. In "second year" 

samples (1984-1985), the CPDWC standards at these five wells were exceeded for total 
chromium and total cyanide. Metcalf and Eddy, Inc. installed six additional monitoring 

wells in 1985. The "third year" analytical results (1985-1986) showed that CPDWC 

standards were exceeded for total chromium, hexavalent chromium, total cyanide, 

trichloroethylene, and tetrachloroethylene at MW-1, MW-2, MW-3, and MW-5. 

Lagoon closure was completed in 1989, and ESE (1991) presented results for the "seventh 

year" of monitoring (1989- 1990). In 1990, an upgradient well (MW-10) contained cadmium 
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in exceedance of CPDWC standards. The following analytes were above CPDWC standards 

in at least one of several wells (MW-1 through MW-5, MW-7, MW-9 through MW-10, and 
MW-12) in 1990, and have varied over the indicated concentrations over the entire period 

of record: cadmium (4-70 ppb), vinyl chloride, 1, l-dichloroethene, 1,2 -trans-dichloroethene 

(2-6500 ppb) , and trichloroethene (2- 150 ppb) . (Concentration ranges for vinyl chloride and 

1, l-dichloroethelie were not reported.) ESE's statistical analysis of the data indicated that 

the following analytes showed a statistically significant increase in the downgradient wells 

(MW-1 through MW-5, and MW-13) as compared to the upgradient well (MW-10): 1,2 
trans-dichloroethene, tetrachloroethene, trichloroethene, total organic carbon (TOC), specific 

conductance, and pH. Note that these results assume that the source of contamination is the 

closed lagoons; and no further conclusions regarding alternative sources of contamination 

were made in either of the assessment monitoring reports. 
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3.0 
FIELD SAMPLING PROGRAM 

3.1 SAMPLING PROGRAM 

The SAEP is a government-owned contractor-operated facility located in Stratford, 

Connecticut. The USDA owns the land, the buildings, and much of the production 

equipment at the SAEP. The U.S. Army Aviation Systems and Troup Command (ATCOM, 

formerly AVSCOM) has responsibility for the jurisdiction, control, and accountability of the 

SAEP. Allidsignal Engines, a unit of AUiedSignal Aerospace, operates the SAEP under 

a facilities contract with ATCOM. AlliedSignal manufactures and tests turbine engines at 

the SAEP, primarily for the USDA. Wedsignal also produces turbine engines for the U.S. 

Navy, for foreign military sale, and for commercial use. 

The USDA is currently considering the lease or sale of government-owned property at the 

SAEP to AUiedSignal. USDA regulations require that an environmental investigation of the 
property &e performed. 

USACE has been tasked by ATCOM to prepare a Phase I1 Remedial Investigation Work Plan 

for the SAEP. The USACE has contracted the preparation of this Work Plan to W-C under 

Indefinite Delivery Contract No. DACW45-93-D-0005. 

3.2 SAMPLING OBJECTIVES 

The sampling described herein is designed to determine the extent of contamination identified 

in Phase I of this Remedial Investigation. In addition to investigating contamination, the 

investigation will include a study of the site hydrogeology. 
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3.3 SAMPLING AND ANALYSIS PROGRAM 

A brief discussion of the planned sampling and analytical program is provided in this section. 

A more detailed discussion, with maps and tables, is given in the Field Sampling Plan. 

Sampling locations are shown in a set of figures described in more detail within the Field 

Sampling Plan. In addition, the Project Schedule for the Remedial Investigation at SAEP 

is contained in the Work Plan. 

3.3.1 Introduction 

The primary objective of Phase I of this RI was to evaluate the presence or absence of 

contamination at the site. The primary objectives of Phase 11 of this RI are to delineate 

contamination and obtain the additional information needed for developing a Risk Assessment 

for the site. The overall approach to Phase I1 field sampling will be to evaluate the extent 

and biological effects of contamination which was identified in Phase I. The data from Phase 

I and Phase 11 will form part of the data set for the Baseline Risk Assessment. 

As with the Phase I investigation, sampling will focus on the two major exposure pathways 

identified in the PAS: 

releases to sediment potentially resulting from discharge from outfalls in 

Areas 1 and 8; and, 

releases to subsurface soils from disposal, spills, or leaks with potential for 

leaching to groundwater and subsequent migration of groundwater to sediment 

in the Housatonic River. 

The environmental media. of concern to be sampled are: 

sediment and biota in the intertidal flats and the Housatonic River and 

connected waterways adjacent to the site; 

groundwater beneath the site; and, 
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subsurface soils in on-shore areas. 

Environmental data from the Phase I and Phase I1 investigations will be used to develop a 

Baseline Risk Assessment (BRA). The Assessment will evaluate site-related risks to human 

health and biota. 

The overall approaches to sampling each medium and to developing the Baseline Risk 
Assessment are summarized in the following sections. Specific details regarding sampling 

are contained in the Field Sampling Plan (FSP) and Chemical Data Acquisition Plan 

(CDAP) . 

3.3.1.1 - Overall A ~ ~ r o a c h  to Sediment and Benthos Sam~ling 

Sediment chemistry, toxicity testing, tissue analysis and benthic community analyses will be 

performed to evaluate sediment contamination in the vicinity of SAW. 

w Sediment samples will be collected from four areas as follows: intertidal flats, drainage 

ditch, downstream and upstream of SAEP. The vertical extent of contamination will be 

determined by collecting samples at two depth intervals (0-6 inches and 2 to 4 feet) at each 

location. Sediment samples will be collected from the intertidal flats adjacent to the site 

along transects extending away from the potential sources of contamination (i.e. outfalls) to 

determine the lateral extent of contamination identified in Phase I investigations. Sediment 
samples will also be collected from drainageways in Area 8. Because of potential for 

sediment movement from tidal action, sediment samples will also be collected from one 

location downstream from SAEP, in the Housatonic River. Because of the potential for 

sediment contamination from upstream sources, sediment samples will be collected from two 

upstream locations which are presumed to be unaffected by SAEP activities. 

Sediment samples will be analyzed for PAHs, PCBs, and Priority Pollutant Metals. These 

parameters were selected based on the results of Phase I sediment analyses. 

In order to determine the effects of sediment contamination on organisms living on or in the 

sediment, sediment will be tested for toxicological effects. Biota tissue will be analyzed for 
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contaminant content, and the distribution of the benthic macroinvertebrate community will 
be studied. 

Sediment toxicity testing will be performed using the amphipod Ampelisca abdita following 

ASTM method E 1367-90. Using this protocol, the amphipods are directly exposed to the 
sediment, allowed to bury themselves and consume whatever foodstuffs are available. At 

the end of the testing period the organisms are assessed for any toxic response. 

To determine whether organisms living adjacent to the site are accumulating site related 
contaminants in their tissues, biological tissues (if available) will be sampled and analyzed 
for mercury, cadmium, chromium, nickel, lead, PCBs, percent moisture and percent lipids. 
These parameters were selected based on their bioaccumulation potential, apparent relation 
to previous site activities, and detection in sediment samples during the Phase I investigation. 
Should they occur in suff~cient numbers in the intertidal flats, sedentary species such as blue 

mussel (Mytilus edulis), hard clam (Mercenaria), or Eastern oyster (Crassosm virginica) 

will be collected for tissue analysis. Because these organisms are consumed by other aquatic 
organisms as well as humans, these data can be used in both the Human Health and 
Environmental Evaluation portions of the BRA. 

To determine whether the sediments adjacent to SAEP are negatively affecting the resident 
benthic macroinvertebrate community, benthic sampling will be conducted at the same 

locations where samples for solid phase toxicity testing are collected, including the three 
background locations. The samples will be taken to the laboratory and sorted. The data will 
provide an estimation of density (number of individuals per unit area) and species richness 

(number of different types of organisms) at each location, which will be compared to the 

reference locations and any other available benthic invertebrate data for nearby areas (if 

any). 

3.3.1.2 Overall Amroach to Groundwater Sam~ling 

Chemicals that have entered groundwater tend to travel horizontally away from the source 
in a downgradient direction. In the Phase I site investigations, groundwater monitoring wells 
were positioned downgradient of a number of potential sources to evaluate the effect of these 
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individual sources on groundwater quality, and upgradient to monitor the quality of 

groundwater entering the area (background conditions). The results of the Phase I 

investigations indicated that shallow and deep groundwater at one of the presumed upgradient 

locations was contaminated. Phase I1 groundwater investigations will focus on delineating 

the contamination by installing and sampling additional wells in that area. In addition, The 

Phase II investigations will include a complete round of samples from all of the wells on site 

to con f i i  previous results and supply additional data for the BRA. 

Samples from all monitoring wells will be analyzed for TCL VOs plus a 10 compound 

library search, and total metals. The library search is used to tentatively identify the 10 

highest chromatogram peaks, other than those peaks for TCL compounds. The computer 

library used for the search contains approximately 50,000 compounds. 

Shallow (water table) overburden, intermediate overburden, and deep overburden ground 

water monitoring wells will be installed. Shallow overburden wells will be installed so that 

their screened portions intersect the water table. Intermediate overburden wells will be 
w screened at depths of approximately 40 to 50 feet. This depth corresponds to approximately 

the middle of the overburden materials. Deep overburden well will be screened in the 10- 

foot interval above the top of bedrock. The top of bedrock is expected to be encountered 

between 100 and 150 feet below ground surface. 

All new monitoring wells will be surveyed for location and elevation. Slug testing and/or 
single-well pumping tests will be completed on all newly installed monitoring wells to 

estimate aquifer c:haracteristics. 

3.3.1.3 Overall Aqqroach to Soil Sam~ling 

Soil samples will be collected from pilot boreholes for the installation of monitoring wells 

for the purposes of chemical analysis, geotechnical analysis, and/or visual classification. 

Soil samples for chemical analysis will be obtained from a depth of 2 to 4 ft from one 

borehole at each new well cluster location. Soil samples for geotechnical analysis will be 

collected from screened intervals and as appropriate to characterize subsurface stratigraphic 
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units. Soil samples for visual classification will be collected every 2.5 ft  for the fmt 10 ft  

and every 5 ft  for the remaining depth of each boring. 

Soil samples will be obtained from split spoon samplers in borings advanced by a truck 

mounted drilling rig. Split spoon samplers to be used to collect samples for chemical 

analysis will be stainless steel. Other samples will be collected with non-stainless steel split 

spoon samplers or thin-wall sampler (Shelby tube) as appropriate. 

Soil samples for chemical analysis will be analyzed for TCL VOs + 10 and Priority Pollutant 

Metals. These parameters were selected based on the types of contaminants detected in 

groundwater on site. Soil samples for geotechnical analysis will be analyzed for grain size 

distribution, Atterberg Limits, and moisture content. 

This SSHP does not cover any site activities other than those listed above. Other possible 

work activities not described in this section may only be conducted after approval of an 

appropriate addendum to this SSHP by the Project Manager, Corporate Health and Safety 
AdministratorIEastern Operating Group Health and Safety Officer, and the New York Metro 

Business Unit Health and Safety Officer. 

This SSHP must be reviewed and reauthorized by January 3, 1995. Use of this SSHP after 

this date to perform the work activities described herein, or other activities in addition to 

those described herein, is not permitted and constitutes a violation of W-C's health and safety 

protocols. If work is to be performed after this date, the SSHP must be reviewed and 

modified, if necessary, by the New York Metro Business Unit Health and Safety Officer. 
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4.0 
ON-SITE HAZARDS 

4.1 HAZARD ASSESSMENT 

An assessment of the hazards has been made for the sampling activities to be conducted 

under the SSHP by reviewing the SAEP's historical and current operations and data compiled 

in the Environmental Baseline Study. The hazards which were assessed include: 

Biological hazards: poison ivy, mosquitoes, ticks, micetrats, and snakes 

Chemical hazards: inhalation, ingestion and contact with the contaminants of 

concern 

Physical hazards: use of excavating, drilling, sampling and support equipment 

e 

Racliological hazards 

4.1.1 Biological Hazards 

The surface debris, particularly the standing water and general industrial waste, and the 

presence of natural marshes, provides a breeding ground for numerous types of pest 
organisms, including mosquitoes. The use of insect repellents before donning personal 

protective equipment (PPE) will be encouraged. To avoid bites from rodents and snakes, 

personnel will check carefully for these animals before walking through grassy or debris 

strewn areas. A first aid kit, snake bite kit and insect repellent will be available for use in 

the field. In many parts of the northeast United States, tick-borne diseases pose a significant 

health risk during warm months. Attachment 1 presents a discussion of Ticks and 

Tick-Borne Diseases. Lyme disease, a bacterial (Borrelia Burgdorferi) infection carried by 

ticks and some species of mosquitoes, is of particular concern. Tick repellant will be 

available at the field office. 
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Poison ivy may be present at site. Appropriate clothing should be worn to prevent exposure 
to poison ivy and a protective barrier lotion should be worn on exposed skin. Tubes of the 
barrier lotion will be available at the field office. 

4.1.2 Chemical Hazards 

Some of the areas in which drilling and well installation will be performed are suspected of 
containing petroleum based materials; halogenated solvents, organic solvents, aromatic 
compounds, fuels, lubricating oils, cutting oils and greases. The majority of these 
contaminants may be released either by volatilization from their liquid form or by 
volatilization from contaminated soil, cement and asphalt. The majority of these organic 
compounds and mixtures have generally low boiling points and high vapor pressures, thus 

evaporation/volatilization of these compounds and mixtures may occur readily. Other 
nonvolatile compounds that have been positively identified in the sediments are PCB 

(polychlorinated byphenyls). These compounds are considered immediate dermal hazards 
with the potential of long-term chronic effects. The air concentration of the volatile 
compounds may increase during hot and dry days. In addition, the sampling activities 
described in Section 3.0 may increase the exposure of workers to these chemicals since 

ground disrupting activities may facilitate the volatilization of the volatile compounds and 
the risk of coming in contact with the nonvolatile compounds such as PCBs is greatly 
increased. 

Other chemicals of concern are inorganic compounds and metals that could be found in the 

pavement, asphalt, soil, sediment in tidal marshes and flats, and water. These compounds 
include cyanides, nickel, chromium, bromine, and lead. 

A summary of personal exposure information for the chemicals of concern is contained in 
Table 4-1. Table 4-2 presents a summary of chemical and physical properties of the 

chemicals of concern. 

The primary exposure pathways of concern for these contaminants are inhalation and skin 

absorption (particularly for some of the chromium and bromine compounds). 
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rill 
In addition to the chemicals that may be potentially found mixed in with the soil and water, 

the field personnel should be cognizant of the chemicals that are handled during the day to 

day operations in the plant. A full inventory of these chemicals may be found within the 

Hazard Communication Plan, as per 29 CFR 1910.1200 for SAEP. The Material Safety 

Data Sheets (MSIIS) may be found in the SAEP's security office and medical station. 

Inhalation 

Volatile organic compounds (VOs) and other organic compounds that have high vapor 

pressures and low boiling points may vaporize readily upon exposure to air during excavation 

and drilling through asphalt pavement and concrete slabs, floors and sub-floors since these 

structures may have acted as shields or caps, preventing volatilization. The extent and rate 

of volatilization will increase with increasing temperature and decreasing soil moisture levels. 

As a result, on-site workers will be exposed to the highest levels of organic vapors during 

dry, hot periods and when the air exchange or wind speed is low. 

Particulate solids containing inorganic crystals, arsenic-based compounds, asbestos, cyanides 

and metallic compounds such as nickel, chromium and thorium may be generated during 

intrusive operations. The majority of the sampling activities have the potential for generating 

dust since they will involve breaking through concrete, asphalt and compact soil and rock 

(as found at the dike). 

Most of the VOs can cause irritation of the mucous membrane at the nasal cavities, trachea 

and lungs. Dust-containing inorganic compounds may cause inflammation and irritation of 

the mucous membrane at the nasal cavities, trachea and lungs and may become permanently 

deposited in the lung cavities (especially asbestos and silica-based compounds). 

Since exposure may occur at any time when the field personnel are near or within the SAEP, 

a constant response to risk must be enforced. Ingestion of the contaminants of concern will 

be controlled by prohibiting eating and smoking during any field activity within the SAEP 
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property and by requiring all field personnel to decontaminate themselves upon leaving the 

sampling areas. 

Dermal Contact 

Skin and eye contact with most of the volatile and nonvolatile contaminants can cause skin 

or mucous membrane irritation and inflammation. Many of these contaminants can be 
absorbed into the bloodstream through the skin or eyes. 

Many of the inorganic contaminants and metals can cause allergic reactions to the skin and 

eye, thus causing irritation, inflammation, and ulcers. They may also permeate through the 

skin and eyes and be absorbed into the bloodstream affecting the liver, kidneys, digestive 

system, as well as the nervous system. 

4.1.3 Physical Hazards 

Possible physical hazards during sampling activities include flying debris during concrete and 

asphalt breaking operations. Physical hazards associated with drilling are identified and 

safety procedures presented in Attachment 2, Safety Guidelines for Drilling. Also, there is 

a risk of scalding during decon procedures where steam cleanerslpower washers are used, 

thus the workers should avoid contact with the steam by power washing away from the user 

and by standing upwind of the spray. Hearing protection will be required whenever sound- 

pressure levels exceed 85 dB steady-state or 140 dB impulse. 

In addition, high noise levels are expected during the ground breaking operations. Field 

workers should be aware of the slippery conditions existing at the tidal flats and tidal 

conditions since they can hinder sampling activities and create loose footing conditions, thus 

increasing the risk of falling. 

A summary of the physical hazards which may be encountered while working at the SAEP 
is provided in Table 4-3. 
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TABLE 4-1 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

Page 1 of 8 

VOLATILE ORGANIC 
COMPOUNDS 

Vinyl chloride 

Methylene chloride 

Trans-1,2-Dichloroethene 

Chloroform 

l,l,l-TricEloroethme 

Trichloroethene 

I Benzene I I I lo I Irritation, nausea respiratory system I -- I Eye & nose I Blood, CNS, I Suspected 

1 

500 

200 

2 

350 

50 

5 

20006 

-- 

-- 

-- 

20O6 

5 

1000 

-- 

-- 

:0008 

200 

5 

50 

200 

10 

350 

50 

-- 

-- 

-- 

-- 

450 

200 

Weakness, 
abdominal pain 

Nausea, eye & skin 
irritation, fatigue, 
weakness, 
sleeplessness, limbs 
numb 

Skin irritation, CNS 
depressant, eye 
irritation 

Dizziness, skin & eye 
irritation, nausea, 
disorientation, heat 
fatigue 

Irritation, ZKS 
depressant 

Irritation, CNS 
depressant 

Liver, blood, CNS7 

Skin, eyes, CNS, 
cardiovascular 
system 

Liver, kidneys, 
heart, eyes 

Liver, kidneys, 
heart, eyes, skin 

CNS, eyes, nose, 
kidneys 

CNS, eyes, nose, 
kidneys 

Confirmed 

Suspected 

Suspected 

Suspected 

Suspected 



TABLE 4-1, Continued . 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

i 
Page 2 of 8 

COMPOUNDS, continued 

Phenol 

1,2-Dichlorobenzene 

1,2,4-Trichlorobenzene 

1,l-dichloroethane 

5 

50 

5 

100 

. 

15.6 

-- 

-- 

-- 

15.6 

50 

5 

40008 

5 

50 

5 

200 

-- 

-- 

-- 

250 

Eye, nose, & throat 
irritation, dermatitis 

Eye & nose irrita- 
tion, skin blisters 

Eye & skin irritation 

CNS depressant, 
skin irritation 

Liver, kidneys, skin 

Liver, kidneys, skin, 
eyes 

Liver, kidneys, skin, 
eyes 

Kidneys, liver, skin 



TABLE 4-1, Continued 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 
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PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 
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TABLE 4-1, Continued 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

pneumonia, impaired 

Nickel 1 mg/m3 -- -- -- Allergic asthma, eye Lungs, skin, Suspected 
(metal dust) 
0.1 mg/m3 

(soluble 
ccmpomds) 

and respiratory 
system irritation, 
vertigo, nausea, 
v~ffiitiilg 

nasal cavities, CNS 



TABLE 4-1, Continued 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

a Page 6 of 8 

Chemical 

METALS, Continued 

Chromium 

Bromine 

Thorium 

INORGANIC COMPOUNDS 

Cyanides 

Arsenic trioxide 

TLV-WA 

0.5 mg/m3 
(metal dust) 

0.05 mg/m3 
Hexavalent 

Cr(VI) 

0.1 ppm 

-- 

ACGIH 
' 

TLV-STEL 

-- 

-- 

0.3 ppm 

N/A 

5 mg/m3 

-- 

Ceiling 

N/A 

-- 

10 PPm 

N/A 

50 mg/m3 

0.002~ 
mg/m3 

TWA 

1 mg/m3 
(metal dust) 

0.05 mg/m3 
Hexavalent 

Cr(VI) 

0.1 ppm 
(metallic 

dust) 

N/A 
(metallic 

dust) 

5 mg/m3 

0.010 mg/m3 

Carcinogen 

Suspected 

Suspected 

Suspected 

Confirmed 

Acute Symptoms 

Irritation, derma- 
titis 

Irritation, derma- 
titis 

Irritation, headaches, 
dizziness, 
pneumonia, diarrhea, 
eye burns, skin burns 

Asphyxia, weakness, 
headache, confusion, 
nausea, incoherence, 
eye & skin irritation 

Ulceration of nasal 
septum, dermatitis, 
GI(") disturbances, 
respiratory irritation, 
peripheral 
neuropathy, hyper- 
pigmentation of skin 

OSHA 

STEL 

-- 

-- 

0.3 ppm 

0.0024 
mg/m3 

Target Organs 

Lungs, skin 

Lungs, skin 

Lungs, CNS, eyes 

Liver, kidneys, 
blood, bone 
marrow, respiratory 
system 

Liver, kidneys, skin, 
lungs, cardio- 
vascular system, 
CNS 

Liver, kidneys, skin, 
lungs, lymphatic 
system 



TABLE 4-1, Continued 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

ACTION LEVELS WILL BE A MAXIMUM OF ONE-HALF OF THE OSHA AND/OR ACGIH. IN THE EVENT THAT THE OSHA PELS DIFFER FROM ACGIH TLVs, 
THE MORE RESTRICTIVE SHALL PREVAIL. 

REFERENCES: 

Threshold Limit Values and Biological Emosure Indices for 1991-1992 American Conference of Governmental Industrial Hygienists (ACGIH). 
Air Contaminants - Permissible Ex~osure Limits (Title 29 CFlR Part 1910.1000) Occupational Safety and Health Administration (OSHA), 1989. 

NOTES. 

(')OSHA TWA - Occupational Safety and Health Administration Time-Weighted Average: the employee's average airborne exposure in any &hour work shift ~f a 40-hour 
work week which shall not be exceeded, as established by OSHA. 

( 2 ) 0 ~ H A  STEL - Occupational Safety and Health Administration Short-Term Exposure Limit: the employee's 15-minute time-weighted average exposure which shall not be 
exceeded at any time during a work day unless another time limit is specified in a parenthetical notation below the limit. If another time period is specified, 
the time-weighted average exposure over that time limit shall not be exceeded at any time during the working day. These limits are established by OSHA. 

(3 )0~HA Ceiling - Occupational Safety and Health Administration Ceiling: the employee's exposure which shall not be exceeded during any part of the work day. If instantaneous 
monitoring is not feasible, then the ceiling shall be assessed as a 15-minute time weighted average exposure which shall not be exceeded at any time over a 
working day. 

( 4 ) ~ ~ ~ - ~ ~ ~  - Threshold Limit Value - Time-Weighted Average: the time-weighted average concentration for a normal &hour workday and a 40-hour workweek, to which 
nearly all workers may be repeatedly exposed, day after day, without adverse effect (ACGIH). These values are updated annually by the ACGIH and represent 
guidelines based on the latest toxicological data. 

Q ~ ~ ~ - ~ ~ ~ ~  - Threshold Limit Value - Short Term Exposure Limit: the concentration to which workers can he exposed conthnously for a short period of time without 
suffering from 1) irritation, 2) chronic or irreversible tissue damage, or 3) narcosis of sufficient degree to increase the likelihood of accidental injury, impair 
self-rescue or materially reduce work efficiency, and provided that the daily TLV-TWA is not exceeded. It is not a separate independent exposure limit; rather, 
it supplements the time-weighted average (TWA) limit where there are recognized acute effects from a substance whose toxic effects are primarily of a chronic 
nature. STELs are recommended only where toxic effects have been reported from high short-term exposures in either humans or animals. A STE IS defined 
as a 15-minute TWA exposure which should not be exceeded at any time during a workday even if the &hour TWA is within the TLV-TWA. Exposures above 
the TLV-TWA up to the STEL should not be longer than 15 minutes and should not occur more than four times per day. There should be at least 60 minutes 
between successive exposures in this range. An averaging period other than 15 minutes may be recommended when this is warranted by observed biological 
effects (ACGIH). These values are updated annually by the ACGIH and represent guidelines based on the latest toxicological data. 
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TABLE 4-1, Continued 
PERSONAL EXPOSURE INFORMATION 

CHEMICALS OF CONCERN 
STRATFORD ARMY ENGINE PLANT 

- Maximum peak duration of 5 minutes in any 2 hours 

- Central Nervous System 

- IDLH - Immediately Dangerous to Life or Health 

- Maximum peak duration of 5 minutes in any 3 hours 

- Red Blood Cell Count 

- Gastrointestinal 

s:\3mllU\d001t4.w51 
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CHEMICAL AND PHYSICAL PROPERTIES 
CHEMICALS OF CONCERN 

STRATFORD ARMY ENGINE PLANT 
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TABLE 4-2, Continued 

CHEMICAL AND PHYSICAL PROPERTIES 

CHEMICALS OF CONCERN 

STRATFORD ARMY ENGINE PLANT 
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TABLE 4 Lontinued 

CHEMICAL AND PHYSICAL PROPERTIES 

CHEMICALS OF CONCERN 

STRATFORD ARMY ENGINE PLANT 

Oxidizable Material 
Aqueous Ammonia. 
Anhydrous Br, reacts with 
Aluminum Titanium 
Mercury Potassium, Wet 
Br, reacts with other 

Strong Oxidizers such as 
Nitrates, Chlorates, Acids, 

Phase II RI Work Plan 
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4.1.4 Heat Stress and Cold Exmsure 

The PPE required for some activities (coveralls and respirators) places a physical strain on 
the wearer. The Heat Stress Casualty Prevention Plan as specified in Attachment 3 will be 

implemented to deal with this health hazard during warm weather. The Plan outlines heat 

stress identification, treatment, prevention intervals during the work periods in order to 

maintain adequate body fluid levels for the field personnel. Attachment 4 presents the Cold 

Exposure Casualty Prevention Plan for this project. 
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TABLE 4-3 

PHYSICAL HAZARDS 
STRATFORD ARMY ENGINE PLANT 

NOTES: 

Construction Machinery Personnel mziintain eye contact with operators; 
hard hats, safety shoes, and eye protection worn 

Refuse and Materials Construction refuse and Maintain clean work areas; dispose of refuse 
construction materials 

(1) Heat stress monitoring protocols shall be implemented, as appropriate. Work/rest schedules s h d  be d e t m k e d  based apon zbizot tcmpcraiure, huidity, wind 
speed, solar radiation intensity, duration and intensity of work, and protective equipment ensembles. In cases where impervious clothing is worn (full-body), the 
NIOSH/OSHA/USCG/EPA "Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities" protocol for prevention of heat stress shall be 
followed, and heat stress monitoring shall commence at temperatures of 70 degrees Fahrenheit and above. Where impervious clothing is not worn, the most current 
published ACGIH heat stress standard shall be used. Both of these guidance documents are contained in Attachment 3. 

Heat Producing/Electrical Equipment 

Heat ~tress( ' ) /~old Exposure(2) 

(2) Cold stress monitoring protocols shall be implemented, as appropriate. Work/rest schedules shall be determined based upon ambient temperature, humidity, wind speed 
(wind chill), solar radiation intensity, duration and intensity of work, and protective equipment ensembles. For cold stress monitoring to help prevent frostbite and 
hypothermia, the ACGIH cold stress standard contained in Attachment 4 must be followed. 
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Generators, Construction 
Equipment and Steam Cleaners 
Power Washing Equipment 

Personnel working under extreme 
temperature are subject to adverse 
temperature-related effects. 

Throughout Site 

Throughout Site 

Operate equipment away from vegetation and 
other materials that may ignite. Maintain fire- 
fighting equipment in the vicinity of operating 
equipment. Personnel should position themselves 
upwind of steam cleaning activities. 

Employ buddy system. Each worker is 
responsible for visually monitoring his/her partner 
for signs of heat stress/cold exposure. Site safety 
personnel will also monitor worker's conditions 
and establish work/rest regimens. 





5.0 
ENVIRONMENTAL MONITORING, PERSONAL MONITORING, PERIMETER 

MONITORING, AND HAZARD MITIGATION 

5.1 ENVIRONMENTAL MONITORING 

During field activities at the SAEP, environmental monitoring will be performed by the 

SSHO and other appropriately trained W-C personnel and recorded on forms provided in 

Attachment 6 and summarized in the Daily Health and Safety Reports. Several instruments, 

as discussed below, will be utilized to monitor the environment in the work zones. 

5.1.1 Organic Vapor Monitoring 

An organic vapor monitor will be used to detect concentrations of certain vapors in the air. 
Specifically, an HNu Model PI 101 photoionization detector (HNu PID) with an 11.7 eV 

probe or OVA flame ionization detector (OVA FID) will be used to monitor organic vapors. 
wv' Readings will be taken in the employee breathing zone during all work activities. It should 

be kept in mind that the organic vapor monitor detects mixtures of compounds 

simultaneously and readings do not indicate concentrations of any individual compound when 

a mixture of compounds are present. 

Organic vapors will be monitored a minimum of every 15 minutes in the breathing zone of 
workers deemed to be subjected to the greatest exposure. 

If more than one work zone is active at the same time, additional air quality monitoring will 

be performed by qufied personnel assigned to each operation. 

Air purifying respirators are not effective in environments containing vinyl chloride, 

methylene chloritle, and chloroform. These compounds exhibit poor absorption qualities or 

poor warning properties. It will be necessary to monitor the concentrations of these 

chemicals individually. Draeger colorimetric tubes will be used to analyze the presence of 

these chemicals as well as for benzene, during periods of HNu PID or OVA FID readings 

above 1 ppm. 
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5.1.2 Combustible Gas Monitoring 

A Combustible Gas Indicator (CGI) will be used to monitor the release of explosive gases 

and vapors. A Gas Tech Triple Range Monitor, or similar instrument, will be used. 

5.1.3 Airborne Dust Monitoring 

Because there is concern for contaminated dusts being generated by vehicular travel on the 

access roads and other areas within the SAEP, work areas will be initially monitored for 

total airborne dusts with a MIE, Inc. MINIRAM PDM-3. 

5.1.4 Noise Level Monitoring 

Noise levels around drilling operations will be monitored and logged. A sound level meter 

will be used to determine levels of noise to which personnel are exposed. 

5.1.5 Instrument Calibration 

The OVA mD, HNu PID and CGI monitors will be calibrated twice daily (before the start 

of any activities and at the end of the work day) in accordance with the manufacturers' 

specifications for calibration. Calibration procedures are described in Attachment 6 .  Daily 

instrument calibrations will be documented in an instrument calibration log book which will 

be kept at the S A W .  The MIMRAM will be calibrated in accordance with manufacturer's 

instructions. All equipment calibrations will be performed by the SSHO and other 

appropriately trained W-C personnel. 
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5.2 PERSONAL EXPOSURE MONITORING 

Personal exposure monitoring for selected chemicals of concern will be performed to c o n f i i  
actual employee exposures. Chemicals of concern previously found in high concentrations 

will be targeted (eg. tetrachloroethene, 1, l  dichloroethane, trichloroethene, 1 , 1 ,I- 

trichloroethane, asbestos and lead) as well as contaminants with low PELS (benzene, 
chloroform, carbon tetrachloride, and vinyl chloride). 

Attachment 5 presents a summary of Personal Exposure Sampling Methods and applicable 

National Institute for Occupational Safety and Health (NIOSH) analytical methods. Personal 

exposure monitoring samples will be analyzed only by laboratories successfully participating 

in and meeting the requirements of the American Industrial Hygiene Association's (AMA) 
Proficiency Analytical Testing (PAT) or Laboratory Accreditation programs. Galson 

Laboratories of Fast Syracuse, New York will be performing analytical testing for the 

personal exposure monitoring program. The results of these analyses will be used to indicate 
the relative response of the HNu PID and/or OVA HD and evaluate the efficacy of the 

environmental monitoring program. 

Copies of all sample test results will be submitted to the SAEP Safety Office. 

Personal exposure monitoring will be performed during the first two weeks of field work for 
employees of highest expected exposure. Sampling will be performed by the Site Safety and 

Health Officer (SSHO) under the direction of a Certified Industrial Hygienist. (CIH) The 

need for additional personal exposure monitoring will be evaluated by the SSHO and a CIH. 

5.3 PERIMETER MONITORING 

The SSHO and other appropriately trained W-C personnel will conduct periodic perimeter 

air monitoring at frequencies no longer than 1 hour if air quality measurements 20 ft 

downwind of any work area or in any work area accessible to non-project personnel 

(whichever is closer) exceed 50% of the maximum levels permissible under Level D PPE 

to document that personnel in the Support Zone, off-site populations, and the environment 

are not adversely exposed as a result of field activities. If the perimeter monitoring reveals 
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sustained levels greater than 25% of these action levels, work will be stopped in the work 

area causing these elevated readings and corrective measures will be implemented on-site. 

The location and type of monitoring will be determined in the field by the SSHO based on 

the nature of the work being performed on-site, the results of the air quality monitoring 

program, and the type of exposure being experienced at the perimeter of the work area. 

Meteorological monitoring shall be performed on-site as needed and used as an adjunct in 

determining perimeter and any off-site monitoring or air sampling locations. 

5.4 HAZARD MITIGATION 

5.4.1 Mitigation of Organic Vapors 

Any wash water used in drilling and purge water will be collected into chemical resistant 
containers that can be readily sealed for future disposal andlor treatment upon proper 

chemical and physical classification. 

An explosion-proof fan or blower may be used to dissipate fumes emanating from the soil 

and/or water surface in areas where the air exchange is inadequate, where the sampling area 

falls below the surface grade, or if the area is surrounded by buildings or structures high 

enough to prevent any air circulation. 

Engineering controls, such as the use of vapor suppressant foams, wetting of the ground 

surface and plastic sheeting, will be used to reduce the volatilization of organic vapors. 

5.4.2 Mitigation of Airborne Dust 

Water mists and sprays may be used during ground disrupting activities to reduce the 

emission of any contaminated fugitive dust. They may be applied by using portable pump 

sprayers as the ones used for the application of herbicides and pesticides with a Liquid 

capacity of 3 gallons. 
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'w' 
5.4.3 Mitigation of Noise 

Hearing protection, such as foam earplugs or earmuffs, will be worn when noise levels 
maintain an intensity of over 85 dBA. 
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6.0 
ACTION LEVELS BY TASK 

The action levels presented herein are based on the chemicals of concern (Table 4-I), their 

respective exposure limits (OSHA PELs and ACGIH TLVs), and the relative response of the 

instruments to the contaminants. The PELs for the compounds with the highest 

concentrations (chlorinated solvents and aromatics) are in the range of 50 to 350 ppm. 

However, some contaminants found at the SAEP at lower concentrations have PELs of 1 

PPm. 

The selected action level of 5 pprn for a 1 minute average sustained reading is chosen 

because the estimate of the 5 pprn is from any constituent with published exposure levels of 

1 ppm. It is expected that the highest airborne concentrations will be tetrachloroethene and 
1,1,1-trichloroethane, which have PELS of 25 pprn and 350 ppm, respectively, with 1,1,1- 

trichloroethane expected in higher concentrations than tetrachloroethene. 

lYlp A C T I O ~  LEVELS WILL BE A MAXIMUM OF ONE-HALF OF THE OSHA PELS 
AND/OR ACGM TLVS. IN THE EVENT THAT OSHA PELS DIFFER FROM 
ACGIH TLVS, THE MORE RESTRICTIVE SHALL PREVAIL. 

In the event that work must be stopped, personnel will vacate the work area and proceed to 

a predetermined location, as selected by the SAEP's Manager of Health, Safety and Loss 
Control and the SSHO. This location will be chosen and discussed each morning, and will 
not have concentrations of airborne contaminants above the SAEP background levels. The 

maximum working levels (with appropriate PPE) are 50 pprn for total volatile organic 

compounds and 20 percent LEL for combustible gases and 10 percent if airflow is restricted 

in the work area (i-e., confined spaces, underground installations, etc.). If either of these 

levels are measured, the work area will be vacated, allowed to vent, and be monitored for 

organic compounds and combustible gases every 15 minutes by the SSHO. 

The following action levels will be used for sampling activities conducted at the SAEP. 
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Soil Boring. Samplin~ and monitor in^ Well Installation 

Total VOCs 

Background level to 5 pprn 
5 pprn to 50 pprn 
> 50 pprn 

Vinyl Chloride 

< 0.5 pprn 
>0.5 pprn 

Chloroform 

< 1 PPm 
> 1 P P ~  

Benzene 

< 0.5 pprn 
0.5 ppm to 10 ppm 
> 10 pprn 
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Level of Protection 

Level D 

Level C 

Evacuate work area and allow area to 

ventilate. Return only after total VOC 

levels are less than 50 pprn 

Level of Protection 

Level D 
Evacuate work area and allow area to 

ventilate. Return only after vinyl chloride 

levels are less than 1 pprn 

Level of Protection 

Level D 

Evacuate work area and allow area to 

ventilate. Return only after chloroform 

levels are less than 2 pprn 

Level of Protection 

Level D 

Level C 

Evacuate work area and allow area to 

ventilate. Return only after benzene levels 

are less than 10 ppm. 
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Combustible Gases qu < 20 Percent LEL 
< 10 Percent LEL for 
confiied spaces 

> 20 Percent LEL 
> 10 Percent LEL for 
confined spaces 

Action 

Perform work 

Stop work, remove ignition sources, 
evacuate work area and allow area to 
ventilate. Return only after gases return to 
less than 20 percent LE% or less than 10 

percent LEL in confined spaces 

Drilling Through Paved Areas and Excavating 

(in addition to previously discussed action levels) 

Total Dust Concentration Level of Protection 
< 5 mg/m3 Level D 

5 mg/m3 to 10 mg/m3 Level C 
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after dust concentrations return to less 
than 10 mg/m3 
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7.0 

KEY HEALTH AND SAFETY PERSONNEL 

W-C's health and safety responsibilities lie in a chain of command headed by the Corporate 

Health and Safety Administrator (CHSA) and the Eastern Operating Group Corporate Health 

and Safety Officer (EOG CHSO). Consultation, internal review, and approval of SSHPs are 

provided by the CHSA, EOG CHSO and the New York Metro Business Unit Health and 

Safety Officer (New York Metro BUHSO). The New York Metro BUHSO assists the 

Project Manager in matters of health and safety but does not have everyday on-site 

responsibilities. Site safety is maintained in the field by the Site Safety and Health Officer 

(SSHO). The SSHO reports to the Project Manager. The Project Manager coordinates all 

operations and reports to the Program Director. 

The health and safety chain of command is shown in Figure 7-1. Resumes of key health and 

safety personnel ;ire presented in Attachment 7. 

7.1 PROJECT MANAGER: MARION E. CRAIG 

The Project Manager has the following responsibilities: 

To see that the project is performed in a manner consistent with W-C's Health 
and Safety Program 

To have a SSHP prepared and approved 

To provide the New York Metro BUHSO with project information related to 

health and safety matters and development of the SSHP 

To implement the SSHP 

To monitor the compliance with the SSHP by W-C personnel 
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The Project Manager has the authority to take the following actions: 

To determine personnel assignments on this project 

To temporarily suspend field activities if the health and safety of personnel are 

endangered, pending further consideration by the New York Metro BUHSO. 

To temporarily suspend an individual from field activities for infractions of the 

SSHP pending further consideration by the New York Metro BUHSO. 

7.2 CORPORATE HEALTH AND SAFETY ADMINISTRATOR: 
PHILLIP L. JONES, CIH 

The Corporate Health and Safety Administrator and Safety Officer have the following 

responsibilities: 

To develop, implement and oversee W-C's Health and Safety Program and 

provide recommendations for improvement of the program 

To coordinate health and safety activities of the business units 

To develop, implement and oversee SSHPs 

To investigate reports of incidents or accidents 

To determine whether an accidental exposure or injury merits a change in the 

affected individual's work assignments and whether changes in work practices 

are required. 

To perform site audits. 
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The CHSA have the authority to take the following actions: 

To approve or disapprove SSHPs 

To access project files 

To direct changes in personnel work practices to improve health and safety of 

employees involved in hazardous waste management projects 

To remove individuals from projects, if their conduct jeopardizes their health 

and safety or that of co-workers 

To suspend work on any project which jeopardizes the health and safety of 

personnel involved. 

7.3 NEW YORK METRO BUSINESS UNIT HEALTH AND SAFETY OFFICER: 
ERICK SEPULVEDA 

The New York Metro Business Unit Health and Safety Officer has the following 

responsibilities: 

To interface with the Project Manager in matters of health and safety 

To develop a SSHP for the project and to submit it to the CHSA for approval 

To monitor compliance with the approved SSHP 

To assist the Project Manager in seeing that proper health and safety 

equipment is available for the project 

To approve personnel to work on this site with regard to medical examination 

and health and safety training 
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To report safety-related incidents or accidents to the CHSA 

The New York Metro BUHSO will not have everyday on-site responsibilities 

The New York Metro BUHSO has the authority to take the following actions: 

To suspend work or otherwise limit exposures to personnel if the SSHP 

appears to be unsuitable or inadequate. 

To direct workers to change work practices if they are deemed to be hazardous 

to the health and safety of personnel. 

To remove personnel from the project if their actions or conditions endanger 
their health and safety or the health and safety of co-workers. 

7.4 SITE SAFETY AND HEALTH OFFICER: MARC E. JACOBSON 

The Site Safety and Health Officer has the following responsibilities: 

To implement and continually enforce W-C's Health and Safety Program 

To report safety-related incidents or accidents to the Project Manager and New 

York Metro BUHSO 

To implement and continually enforce the SSHP 

To maintain health and safety equipment on-site, as specified in the SSHP 

To inspect health and safety activities on-site, as specified in the SSHP, and 

report results to the Project Manager and the New York Metro BUHSO 
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The SSHO has the authority to take the following actions: 

To temporarily suspend field activities, if health and safety of personnel are 

endangered, pending further consideration by the New York Metro BUHSO. 

To temporarily suspend an individual from field activities for infractions of the 

SSHP, pending further consideration by the New York Metro BUHSO. 

To designate an alternate SSHO in his absence. 

7.5 ALTERNATE SITE SAFETY AND HEALTH OFFICER: 

The Alternate Site Safety Officer assumes the responsibilities and authorities of the SSHO 

in the absence of the assigned SSHO. 
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8.0 
ANTICIPATED PERSONAL PROTECTIVE EQUIPMENT 

LEVELS FOR SITE ACTIVITIES 

The initial level of protection assigned to each work task, except where noted below, covered 

by this SSHP is I ~ v e l  D. Level D represents W-C's best estimate of the PPE necessary to 

reduce the potential for exposure of field personnel to potential hazards to acceptable levels. 

This level of protection may be upgraded based on visual observations or the results of air 
monitoring. 

8.1 PERSONAL PROTECTIVE EQUIPMENT 

The personal protective equipment specified in this SSHP will be provided for all field 

personnel. The following requirements are in accordance with OSHA regulations: 

Facial hair that interferes with proper fit of respirators must not be worn 

Contact lenses must not be worn 

Eyeglasses that interfere with proper fit to full-face respirators rnust not be worn 

The following descriptions of personal protective equipment ensembles shall constitute the 

cited Levels of Protection as used in this SSHP for the sampling activities at the SAEP: 

Modified Level D Personal Protective Equipment 

- Hard hat using the SAEP recommended colors 
- Safety glasses, goggles, or face shield") 
- Chemical-resistant steel-toed and steel shank work boots 
- Overboots or disposable "booties" (dark color p refer red)'^) 
- Outer gloveso) 
- Latex surgical gloves (to be worn underneath outer gloves)(2) 
- Gray or dark blue Tyvek coveralls(4) 
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(I) if splash or dust hazard exists 
(2) personnel should wear neoprene overboots or "booties" in Areas containing PCBs; 

rubber overboots or "booties" may be worn, as required, in other areas of the facility. 
(3) personnel should wear neoprene outer gloves in Areas identiiled as containing PCBs; 

nitrile rubber outer gloves may be worn, as required, in other areas of the facility. 
(4) polycoated Tyvek or Saranex impregnated coveralls should be worn in areas identified 

as containing PCBs. 

Level C Personal Protective Equipment 

- Hard hat using the SAEP's recommended colors 
- Full-face air purifying respirator with GMC-H combination cartridges 
- Chemical-resistant steel-toed and steel shank work boots 
- Nitrile rubber outer gloves or a material compatible with the suspected 

chemicals 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Rubber overboots or disposable "booties" (dark color preferred) 
- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek coveralls 

0 

(taped at cuffs) 

Level B Personal Protective Equipment 

- Positive pressure-demand full-facepiece self-contained breathing apparatus 

(SCBA), or positive pressure-demand supplied air respirator with a 15 minute 

escape SCBA 
- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek coveralls 

(taped at cuffs, seams and facepiece) 
- Nitrile rubber outer gloves or a material compatible with the expected chemicals 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Chemical-resistant steel-toed and steel shank work boots 
- Rubber overboots or disposable "booties" (dark color preferred) 

In addition to this equipment, a fnst aid kit, snakebite kit, emergency eyewash in accordance 

with ANSI 2-35 8.1, and multi-purpose dry chemical UL Class 10A- 1OB-C fm extinguisher 

must be maintained at each work site. 
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The anticipated levels of protection for the planned field activities at the Stratford Army 

Engine Plant (SAFS) are documented in Table 8-1. 

A list of required personal protective equipment is provided in Attachment 8. 
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I Activity 

Installation of 
Monitoring Wells 

Soil Sampling 

LEVELS OF PROTECTION FOR FIELD ACTIVITIES 
AT THE STRATFORD ARMY ENGRVE PLANT (SAEP) 

Potential Hazards 

Metals, VOCs, 
Semi-Volatile Organic 
Compounds, 'riaiogenated 
Organic Compounds 

Metals, VOCs, 
Semi-Volatile Organic 
Compounds, Halogenated 
Organic Compounds 

- -  

I 
Metals, VOCs, 
Semi-Volatile Organic 
Compounds, Halogenated 

I Organic Compounds 

. 

S : \ C ~ M I  lLL\table81 Page 1 of 2 

Initial 
Level of 

Protection 

Level D 

Level D 

p--- 

Level D 

Monitoring Requirements*") 

Explosive Gases (CGI) 
Hydrogen Sulfide (H,S) (CGI) 
Total VOCs (HNu PID, OVA 
FID or Draeger T~bes*'~)) 

Hydrogen Sulfide (CGI) 
Total VOCs (HNu PID, OVA 
FID or Draeger T~bes*'~)) 

Total VOCs (HNu PID, OVA 
FID or Draeger ~ubes*'~') 
Hydrogen Sulfide (CGI) 

Action Levels 

Total VOCs*'": 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
> 50 ppm - Evacuate 

Explosive gases: 
< 20% - Modified Level D 
> 20% - Evacuate 

H2S : 
< 1 Sppm - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 

Total VOCS*'~': 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
> 50 pprn - Evacuate 

Explosive gases: 
<20% - Modified Level D 
> 20% - Evacuate 

H2S : 
< 1.5 pprn - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 

Total VOCs*"): 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
> 50 pprn - Evacuate 

H2S : 
< 1 Sppm - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 





TABLE 8-1 $ 'ontinued) 
LEVELS OF PROTECTION FOR FIELD ACTIVITIES 
AT THE STRATFORD ARMY ENGINE PLANT (SAEP) 

Note: 
* ( I )  The frequency of air quality monitoring for worker protection will be at the discretion of the SSHO and will be based on the likelihood of changes in air quality, the 
nature of the work heing performed, and the previous measurements. Initially,air quality measurements with the HNu PID or OVA FID will be made at 30-minute in 
the breathing zone of the most highly exposed worker(s) (i.e., closest to sources) at the Site. Air quality monitoring will initially be performed using a CGI at least each 
30 minutes in areas where flammable conditions, oxygen deprivation or enrichment, andlor elevated levels of hydrogen sulfide may develop. 
*"' Individual(s) involved in these field activities should wear polycoated Tyvek or Saranex impregnated coveralls. 
*"' Draeger tubes shall be used if the Total VOC readings are detected above background airborne concentrations. 
*(4) Monitoring will take place near individuals with the greatest potential for exposure in all work zones. 

S: \C~MI ILL\table81 Page 2 of 2 

Initial 
Level of 

Protection 

Level E*!" 

Level D*") 

Level D*"' 

Monitoring Requirements*"' 

Total VOCs (HNu PID, OVA 
FID or Draeger ~ubes* '~))  
Hydrogen Sulfide (CGI) 
Draeger Tubes *(') 

Total VOCs (HNu PID, OVA 
FID or Draeger 
Hydrogen Sulfide (CGI) 

None 

Activity 

Sediment Sampling 

Benthic 
Macroinvertebrate 
Community 
Characterization 

Biological Tissue 
Samples 

i 

Action Levels 

Total VOCs*";: 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
> 50 ppm - Evacuate 

H2S : 
< 1.5ppm - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 

Total VOCS*'~': 
< 5 ppm - Modified Level D 
5-50 ppm - Level C 
> 50 ppm - Evacuate 

H2S: 
< 1.5ppm - Modified Level D 
1.5-5 pprn - Level C 
> 5 pprn - Evacuate 

None 

Potential Hazards 

PCBs, Semi-Voiatile 
Organic Compounds, VOCs 

PCBs, Semi-Volatile 
Organic Compounds, VOCs 

PCBs, Semi-Volatile 
Organic Compounds 





9.0 
GENEXAL HEALTH AND SAFETY REQUIREMENTS 

9.1 MEDICAL EXAMINATION 

Before entering ariy Contamination Reduction Zone (CRZ) or Exclusion Zone all W-C and 

subcontractor personnel and visitors (i.e., non-project personnel) must take a medical 

examination as part of a medical surveillance program. W-C's medical surveillance program 
is specified in Section 3 of W-C's Hazardous Waste Management Practice Health and Safety 

Manual, dated November 1990, and meets the requirements of OSHA Regulations 29 CFR 

1910.120(f)and ANSI 2-88.2. A description of this program is provided in Attachment 9 

of this SSHP. 

Before working on-site, written certification for each W-C and subcontractor employee 

expected to enter either the CRZ or Exclusion Zone of participation in a Medical 

Surveillance Program, ability to wear a respirator and the date of last medical examination 

will be c'ompiled by the SSHO. These documents will be provided to the SAEP Manager 

of Health, Safety and Loss Control prior to that individual engaging in field work. 

Additional copies of this documentation will be kept on-site by the SSHO. The written 

medical opinion from the reviewing physician concerning fitness to work on-site and ability 

to wear a respirator required by OSHA Regulations 29 CFR 1910.120 (f)(7) shall be made 

available upon request to the Contracting Officer's Representative. 

9.2 TRAINING 

All W-C personnel and subcontractor exposed to hazardous substances, health hazards or 

safety hazards must be thoroughly trained as specified in OSHA Regulations 

29 CFR 19 10.120(e). Training includes attendance at an initial 40-hr basic health and safety 

training course, annual health and safety refresher courses, a minimum of three days of 

actual field experience under the direct supervision of a trained, experienced supervisor, and 

on-site, site-specific training. On-site supervisors must have completed the Management and 

Supervisor Trainirig course as specified in OSHA Regulations 29 CFR 1910.120(e)(4). At 
least two First Aid and CPR trained and currently ceflied person must be present on-site 
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at all times when fieldwork is being performed. In addition, these individuals shall be 

trained and thoroughly familiar with bloodborne pathogens, hazard control and isolation 

during first aid cases, as documented in 29 CFR 1910.1030. Documentation concerning the 

type, duration and dates of training, including fit-test certificates, for all W-C and 

subcontractor on-site personnel and visitors will be provided to the SAEP Manager of 

Health, Safety and Loss Control prior to that individual entering any CRZ or Exclusion 

Zone. Additional copies of this documentation will be kept at the site by the SSHO. The 

SSHO shall conduct site-specific training covering site hazards, procedures, and all contents 

of the SSHP for W-C and subcontractor on-site personnel and visitors to the site prior to 

entering any CRZ or Exclusion Zone. Documentation of appropriate training for all W-C 

and subcontractor site personnel and site visitors shall be maintained on-site and submitted 

to the Contracting Officer's Representative at the conclusion of the site work. 

9.3 INCIDENT REPORTING 

In the event of fire, explosion, illness, andlor injuries occurring on site at SAEP, SAEP 
Security Headquarters, (Extension 2767 (2SOS)) will be notified at the time of 
occurrence. 

Any incident or accident involving W-C field personnel or W-C subcontractors will require 

that a Hazardous Waste Incident Report be filed. Situations covered by this policy include, 

but are not limited to, fires, explosions, illnesses injuries, and automobile accidents. Those 

reports must be sent to the New York Metro BUHSO within 24-hours of the 

incidentlaccident. Worker's Compensation Insurance reports should be filed with the 

individual's employer within 48-hours of each accident or illness which results from work 

related activities and requires medical attention. See Attachment 10 for a copy of the 

Hazardous Waste Incident Report Form. The SSHO will complete this form in case of an 
accident or incident. 

The USACE requires the following to be reported on ENG Form 3394 in cases of an 

incident or accident: 

1) Notify USACE within 24 hours of the event 
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2) Report within two working days sufficient information to allow completion of 

ENG 3394 in accordance with AR 385-40 and USACE Supplement 1 to that 
regulation, Attachment 18. 

a) First aid 
b) Lost-time 

c) Property damage: $1,000 or more to government or contractor pqm@ 

d) $50,000 or more damage to government or contractor property, q k s  
immediate board of investigation 

e) Questionable property damage 

f) Fatalities; 5 or more people sent to a hospital 

The SSHO will be responsible for completing ENG Form 3394. 

Incidents or accidents requiring immediate reporting required by OSHA Regulation 29 CFR 
1904) : 

1) Fatalities or catastrophe (5 or more people sent to a hospital) 

All other personal injuries requiring first aid or resulting in lost time must be recorded on 

OSHA Form 200. OSHA does not require this to be sent in, but W-C is required to keep 
this Fom for the purpose of inspections by OSHA. 

Accidents will be investigated in-depth to identify all causes and to recommend hazardous 

control measures. Except for rescue and emergency measures, the accident scene shall not 
be disturbed until it has been released by the investigating official. The consequences 
requiring an in-depth investigation are: 

Fatal Injury 
Five or more persons admitted to a hospital 
Property damage in an amount specified by the designated authority 
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The Project Manager must be notified as soon as possible of all accidents or incidents which 

require either a ENG Form 3394 or OSHA Form 200 to be completed. 

9.4 ILLUMINATION AND SANITATION 

If practical, all major work tasks will occur during daylight hours. The illumination 

requirements set forth in OSHA Regulation 29 CFR 1910.120(m) will be met when these 

tasks are performed. Needs for artificial illumination are primarily expected to be limited 

to work inside buildings. An electric lamp will be used in these areas. In compliance with 

OSHA Regulation 29 CFR 1926.56, the minimum intensity of lighting in work areas will be 

5 foot candles. 

The sanitation requirements regarding potable and non-potable waters, toilet facilities and 

washing facilities will be followed as set forth in OSHA Regulation 29 CFR 1910.120(n). 

Food handling areas and temporary sleeping quarters requirements are not applicable to the 

work covered by this SSHP. 

Attachment 15 contains OSHA Regulations on Illumination and Sanitation at Temporary 

Work Places. 

9.5 COMPLIANCE AGREEMENT 

The Site Manager and/or the SSHO will hold meetings with W-C and subcontractor field 

personnel before work commences. During the meetings, all personnel will be provided with 

a copy of this SSHP; the SSHP will be reviewed and discussed and questions answered; fit 

testing and care of respirators will be reviewed. Signed Compliance Agreement Forms will 

be collected by the Site Manager and filed. Individuals refusing to sign the Compliance 

Agreement will not be allowed to work at the SAEP. A copy of the Compliance Agreement 

Form is contained in Attachment 11. 
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9.6 RESPIRA'I'OR MAINTENANCE 

Each person is responsible for their own respirator. Respirators, if used, will be cleaned 

daily according to procedures prescribed by the manufacturer. GMC-H combination 

cartridges will be used and replaced either daily or if breakthrough is detected at any time 

while is use. Reuse of cartridges from one day to another is prohibited; care will be taken 

to ensure that cartridges are not damaged or exposed to chemicals which might affect their 

efficiency when masks are stored during the work day (eg., during lunch). Cartridges will 

be stored in their original manufacturer's boxes (sealed individually in factory plastic bags) 

in a secure area of the project trailer. Use of other cartridges must be approved by the New 

York Metro BUHSO. The following checks will be performed on a daily basis on each 
individual respirator in use: 

Exhalation valve - pull off plastic cover and check valve for debris or tears in 

the neoprene valve which could cause leakage. 

Inhalation valves (two) - screw off cartridges and visually inspect neoprene 

valves for tears. Make sure that the inhalation valves and cartridge receptacle 

gaskets are in place. 

Make sure a protective lens cover is attached to the lens. Lenses are 

expensive to replace and must be protected at all times. 

Make sure you have the right cartridge (use GMC-H). 

Make sure that the face piece harness is not damaged. 'I'he serrated portion 

of the harness can fragment which will prevent proper face seal adjustment. 

Make sure the speaking diaphragm retainer ring is hand tight. 

Additional information on respirator inspection, care, maintenance and storage is provided 

in Attachment 12. 
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9.7 PROJECT MANAGEX NOTIFICATION 

All field personnel must inform the Project Manager or designated representative before 

entering the SAEP. 

IF ANY UNEXPECTED POTENTIAL HAZARDS ARE DISCOVERED DURING 

FIELD WORK, LEAVE THE AREA OF CONCERN IMMEDIATELY AND CALL 

THE SITE SAFETY AND HEALTH OFFICER FOR FURTHER INSTRUCTIONS. 

The SAEP Manager of Health, Safety and Loss Control, extension 3278, and the Contracting 

Officer's Representative will be notified as soon as possible by the SSHO if unexpected 

potential hazards which were not addressed in this SSHP are discovered during field work. 
Field activities in such areas shall be halted until the SSHP has been modified to reflect these 

changed conditions and reviewedlapproved by the SAEP Manager of Health, Safety and Loss 

Control and the Contracting Officer's Representative. 

9.8 DAILY HEALTH AND SAFETY SUMMARY REPORT 

A Daily Health and Safety Summary Report will be used to record entry and exit times of 

all W-C and subcontractor personnel and work area visitors; accidents, injuries, and 

illnesses; incidences of safety infractions by field personnel; air quality and personal 

exposure monitoring data; and other information related to safety matters. Daily health and 

safety inspections shall be conducted by the SSHO to determine if opemtions are being 

performed in accordance with the SSHP; results of these inspections will be documented in 

the Daily Health and Safety Summary Report. All accidents, illnesses, or other incidents 

will be reported to the Project Manager, the New York Metro BUHSO, and SAEP Manager 

of Health, Safety and Loss Control. A copy of the form for the Daily Health and Safety 

Summary Report for this project is presented in Attachment 13. The Daily Health and 

Safety Summary Reports, including personnelfvisitor logs and results of environmental and 

personal exposure monitoringlsampling shall be completed and maintained on-site by the 

SSHO and submitted to the Contracting Officer's Representative at the conclusion of the site 

work. 
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9.9 OSHA JOB SAFETY AND HEALTH PROTECTION POSTER 

In accordance with the Occupation Safety and Health Act of 1970, a copy of the OSHA Job 

Safety and Health Protection poster must be present on all sites. This poster is appended as 

Attachment 14. It should be posted at its full size (11 inches x 17 inches) on-site. 

9.10 PROHIBITIONS 

Smoking, eating, drinking, chewing tobacco or toothpicks, application of 

cosmetics, storing food or food containers, or having open fires will not be 

permitted in the Exclusion Zone and the Contamination Reduction Zone and 

any manufacturing and/or storage areas. Good personal hygiene will be 

practiced by field personnel to avoid ingestion of contaminants. Washing the 

face and hands will be performed after personal decontamination. 

Approach or entry into areas or confined spaces where toxic or explosive 

concentrations of gases or dusts may exist is prohibited. 

9.11 WORK PROCEDURES 

Whenever possible, field personnel will work from a position upwind of work activities. 

All operations conducted on the intertidal flats including collection of surface water and 

sediment samples, must be performed with a dedicated "watcher" on-shore. If working from 

a boat, all personnel on the boat must wear U.S. Coast Guard approved flotation jackets 

while on the boat and suitable slip resistant footwear. 

9.12 UNDERGROUND STRUCTURES 

Extreme caution will be exercised whenever possibility of encountering buried utilities, (i.e., 

tanks) exists. Prior to commencement of intrusive activities, all available sources of 

information such as site utility drawings, public utility drawings, and construction drawings 
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will be reviewed. If underground obstructions are unexpectedly encountered, the area will 

be manually excavated until the nature of the obstruction is discerned. 

9.13 SITE SAFETY MEETINGS 

During field operations, an initial size orientation meeting and daily safety meetings will be 

held by the SSHO to review and plan specific health and safety aspects of scheduled work. 

Potential subjects to be discussed are presented here: 

1. Preliminary 

Medical clearances for all on-site personnel 

Written SSHP availability (copies provided to all participants) 

Personal protective equipment availability, demonstration and fit testing 

(if necessary) 

General construction protocols. 

2. Training Topics 

Delineation of responsibilities of on-site personnel. 

Review of SSHP including: 

- types of hazards; 

- pathways of exposure; 

- levels of protection; 

- contamination avoidance; 

- physical hazards; 

- decontamination; 
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- emergency procedures; and, 
- specific on-site arealwork tasks of concern 

Decontamination review including: 

- delineation of work zones; and 
- set-up and dry run of decontamination equipment. 

Personnel protective clothing - use and dress out procedures 

Monitoring equipment review 

Questions and answers 

Completion of SSHP Compliance Agreement 

9.14 WORK ZONES 

To minimize the movement of contaminants from contaminated areas of the SAEP to 
uncontaminated areas, work zones will be set up. The work zones will include, at a 
minimum, the following: 

Zone 1 : Exclusion Zone 

Zone 2: Contamination Reduction Zone 
Zone 3: Support Zone 

The Exclusion Zone is the zone where contamination does or could occur. All persons 

entering this zone must wear the Level of Protection set forth in Section 8. These levels of 
protection guidelines are based on the different types of field activities. 

Because work at several areas may be performed concurrently, an Exclusion Zone and 
Contamination Reduction Zone will be established at each area of work. These 
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Contamination Reduction Zones will be in addition to the Contamination Reduction Zone 

located near the support trailers. All personnel must decontaminate after leaving 

Exclusion Zones. 

All work zone entrances and exits will be clearly marked or displayed in accordance with 

the SAEP Requirements and Standard Operating Procedures. Yellow and black striped 

caution tape will be used to demark the zones. Exclusion Zones will be established using 

the back of the drilling rig as the center of the zone by delineating a circle (see Figure 9-1). 

The radius can vary, depending on wind direction and speed, physical obstructions, and the 

minimum space requirements for safe and effective work. Typically the minimum radius is 

25 feet. Monitoring equipment will be used to aid in delineating these zones. A wind 

direction indicator (i.e. wind sock) will be deployed at each work site. 

9.15 WORKING FROM BOATS OR NEAR WATER 

The following precautions should be taken when working from boats or near water: 

All work in a boat or near the water shall be performed by at least a two-person team. 

Type III, Type V or better U.S. Coast Guard approval personal flotation devices shall 

be worn at all times. 

If the work requires reaching, stretching, etc., from the boat or bank, the worker 

shall be equipped with a harness and lifeline. The lifeline shall be attached to the 

boat (if boat work) or a sturdy object on the bank (if bank work). 

The sampling area of the boat shall be lined with plastic to reduce contamination of 

the boat. 
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10.0 
SITE ACCESS AND SITE CONTROL 

10.1 SITE ACCESS 

All access to the SAEP must be cleared through the SAEP security and administrative 

personnel and the USDA. 

Access to the SAEP will be limited to authorized personnel. Such personnel may include 

W-C employees, subcontractors, and designated client, state and federal agencies. 

10.2 SITE CONTROL 

Certain procedures must be followed to ensure suitable site control and limitation of access 

so that those persons who may be unaware of site conditions are not exposed to inherent 

hazards. 

All machinery and equipment shall be stored in an on-site area designated by AlliedSignal's 

personnel upon completion of daily activities. All potentially contaminated materials, such 

as bottles, containers and soil will be stored in an on-site area to prevent unauthorized 

tampering. 

Anyone from the general public, AlliedSignal personnel and/or media requesting information 

about site activities should be referred to the Site Manager or the SAEP Manager of 

Communications. Do not give vour opinion or information to anyone asking auestions about 

this project. 

Communications will be maintained at the SAEP with two-way radios operating on a 
I 

designated channel whenever work groups are not within a reasonable proximity of each 

other. The buddy system will be used when working in any Exclusion Zone. 
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A telephone at the SAEP will be used to communicate with others off-site. All emergency 

services will be addressed by SAEP's Security Headquarters, Extension 2767. Cellular 

telephones are not permitted at the SAEP. 

10.3 SITE SECURITY 

Areas within the SAEP will be provided for the office trailers, parking of drilling equipment 

and storage of supplies. These areas are surrounded by a chain link fence. Access to these 

areas is controlled by security guards 24 hours per day. 

Controlled access to the site will be established. This controlled access will be through the 

main access road and the SAEP gates. 

Only authorized personnel (AlliedSignal personnel, USDA personnel and ID visitors (by 

SAEP security)) shall be permitted to enter the SAEP. No one shall enter the SAEP without 

appropriate authorization from SAEP's security personnel. All individuals entering the site 

will signethe daily log and be given SAEP identification (visitors) badges. 

All persons entering the sampling areas at the SAEP shall be equipped with appropriate 

personal protective equipment. Documentation of ability to work on hazardous waste sites, 

wear respiratory protection, and training must be provided to the SSHO. 

All persons entering the sampling areas at the site must be familiar with and abide by the 

SSHP and the SAEP's HAZCOM Program, Emergency Response Plan and Standard 

Operating Procedures. 
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11.0 

DECONTAMINATION 

11.1 GENERArJ INFORMATION 

Personnel involved with hazardous substances may be exposed to contaminants in a number 

of ways, despite the most stringent protective procedures. Personnel may come in contact 

with vapors, gases, mists, or particulates in the air. Use of monitoring instruments and 

construction equipment can also result in exposure to hazardous substances. This 

contamination must be removed before leaving any contaminated area. 

In general, decontamination involves scrubbing or spraying with a non-phosphate soaplwater 

solution followed by clean water rinses. All disposable items will be disposed of in a dry 

container. Certain parts of contaminated respirators, such as harness assemblies, are difficult 

to decontaminate. These components can be soaked in soap and water and scrubbed with 

a brush. In addition to being decontaminated, all respirators, non-disposable protective 

clothing, and other personal articles must be sanitized before they can be used again. The 

manufacturer's instructions should be followed in sanitizing the respirators. The SSHO will 

be responsible for ensuring that personal protective equipment is used properly. 

11.2 DECONTAMINATION AREA 

A decontamination pad will be set up near the support trailers. This pad will be for 
decontaminating heavy equipment leaving the SAEP. A high-pressure hot water "steam- 

type" cleaner for cleaning tires and undercarriages of drilling rigs and other vehicles and 

down-hole equipment will be kept on-site. 

Each work zone will also have decontamination facilities. Personal decontamination 

equipment will be near each work zone. All field personnel will thoroughly decontaminate 

before leaving the Contamination Reduction Zone and entering the Support Zone. 
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Decontamination water will be allowed to evaporate. All decontamination water remaining 
at the end of the field effort will be collected in drums for analysis and appropriate disposal. 
All used disposable PPE will be placed in heavy gauge plastic bags for proper disposal. 

11.3 PERSONAL DECONTAMINATION PROCEDURES 

The following steps must be taken for personnel decontamination when leaving Exclusion 
Zones (subject to modification by SSHO) for PPE Levels C and D: 

Deposit equipment that needs to be decontaminated on plastic drop cloths. 
Wash boots and outer gloves with long handled brushes in wash tub 
containing detergent and water. 

Rinse boots and outer gloves with long handled brush in a wash tub oonQitlig 
clean water or use a sprayer to rinse off boots and gloves. 
Rinse suit with portable spray bottle if it is water resistant 
Remove tape and place in plastic bag 
Remove outer gloves and place in plastic bag 

Remove coveralls and place in plastic bag 

When applicable, remove air purifying respirator, SCBA or positive pressure- 
demand supplied air respirator and place in a separate area to be 
decontaminated1. 

Remove inner gloves and place in plastic bag 
Wash hands and face 

Decontamination procedures to be used in case of an emergency are described in Section 12. 

This step is for work activities performed in Level C Personal Protective 
Equipment and Level B Personal Protective Equipment. rn 
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11.4 EQIJIPMEN DECONTAMINATION PROCEDURES 

11.4.1 Small Sampling Equipment Decontamination 

The following steps must be taken for decontaminating small sampling equipment when 
removing such equipment from the Exclusion Zone (subject to modification by the SSHO): 

After use, small equipment such as that associated with sampling (split tube 
samplers, trowels, shovels, picks, chisels, hammers, other specific samplers, 
etc.) will be transported from the Exclusion Zone to the decontamination pad 

in the adjacent Contamination Reduction Zone. 

Equipment will first be washed with a hot water high-pressure hot water 

"steam-type" cleaner. 

Equipment will then be scrubbed down with soapy water using brushes and a 

phosphate-free soap. 

Equipment will then be rinsed, by hose, with water. 

Equipment will then be placed on the plastic sheet covered area on the 
decontamination pad to air dry. 

11.4.2 Large Sampling Equipment Decontamination 

The following steps must be taken for decontaminating large sampling equipment when such 
equipment leaves the Exclusion Zone (subject to modification by the SSHO): 

Large sampling equipment such as drill rigs, hollow-stem augers, etc., shall 

be driven or carted from the Exclusion Zone to the decontamination pad. 

Equipment will first be washed with a high-pressure hot water "steam-type" 

cleaner. 
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Equipment will then be scrubbed down with soapy water using brushes and a 

phosphate-free soap. 

Equipment will then be rinsed, by hose, with water. 

Equipment will then be placed on the plastic sheet covered area on the 

decontamination pad to air dry. 

11.4.3 Respirator Care, Maintenance and Storage 

Respirator care, maintenance and storage are discussed in Attachment 12. 
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12.0 
EMERGENCY PROCEDURES 

12.1 GENERAL 

The purpose of this section of SSHP is to address how site personnel will respond to 

emergencies. The types of potential emergencies that are addressed by this SSHP include: 

Fire and explosion 

Metlical (chemical exposures and physical injuries) 

Chemical spills 

It is policy at the SAEP that: 

Industrial Security and Loss Control Department Personnel will respond to all 

emergency situations. 

a Qualified professional medical personnel will be on duty in the Medical 

Department from 0700 to 2330 hours, Monday through Friday. Medical 

Department personnel will respond to an accident scene involving injury or 

illness to personnel upon notification from Security Headquarters. 

In instances when the Medical Department is closed, the Security Department 

will assume the First Aid responsibility for the affected personnel. 

Plant Engineering, Maintenance and Environmental Personnel will respond to 

accident scenes, and/or chemical spilllrelease scenes when notified by Security 

Headquarters. 

Emergency Medical Technicians (EMTs) will respond to an accident scene 

involving personnel injury or illness when notified by Security Headquarters. 
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12.2 EMERGENCY RECOGNITION AND PREVENTION 

12.2.1 Fires and Explosion 

Fires and explosions are possible whenever flammable gases, vapors, or contaminants are 
present in proper concentrations and an ignition source is present. While flammable gases 

or vapors are not expected to be a concern during the activities covered by this SSHP, there 
is need to protect against potential explosive situations. A CGI will be on-site for monitoring 

any activity that may lead to the release of explosive gases or vapors. This is especially 

relevant when drilling. 

12.2.2 Medical 

l2.2.2.1 Chemical Ex~osure 

Work will be performed in such a manner that exposure to contaminants through skin or eye 

contact, halation or ingestion is minimized. Work practices that will be followed to reduce 

chemical exposures include: 

PPE, as specified in Section 8, for the appropriate work activities and areas 

as defined by the SSHO, will be used by all personnel. A formal revision to 

the SSHP must be made by the New York Metro BUHSO in order to modlfy 

the PPE requirements. 

Keep hands away from face during work activities. 

Minimize all skin and eye contact with contaminants. 

Early recognition of chemical exposure symptoms is essential to the prevention of serious 

chemical exposure incidents. Symptoms of exposure to the type of compounds potentially 

present at the SAEP include the following: fatigue, weakness; eye, nose, throat irritation; 

headache; dizziness; nausea; vomiting; malaise; tremors; aggressive confusion; cyanosis 

(blue color to skin); anemia; and muscle spasms, 
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If a person experiences any of these symptoms, or others recognize any of the symptoms in 

a fellow worker, the person experiencing the symptoms will stop work and report his or her 

symptoms to the SSHO. All work shall stop. The SSHO shall increase monitoring and 

make a decision whether upgrading will be necessary. If the symptoms persist or appear to 

be damaging in any way, the SSHO will make arrangements to take the individual to a 

hospital for medical treatment. If symptoms are serious, work activities in the area where 

the person was exposed will be discontinued until more is known about the incident. 

Incident reporting procedures as specified in Section 9.3 will be initiated. 

12.2.2.2 Phvsical Injurv 

Site personnel should constantly look for potential safety hazards such as holes or ditches; 

precariously positioned objects, such as drums, on-site tires, or equipment that may fall; 

sharp objects, such as nails, metal shards, and broken glass; protruding objects at eye or 

head level; slippery surfaces; steep grades; uneven terrain or unstable surfaces. Site 

personnel should inform the SSHO of any potential hazards identified so that mitigative 

action can be taken. 

12.3 EMERGENCY ALEXTING PROCEDURES 

The SSHO will alert the appropriate work groups when and if an emergency occurs relating 

to the site investigation activities through the use of radios or by directly contacting the work 

group. The SSHO and any isolated work group will carry radios if reasonable contact 

cannot be maintairied. If radios fail, repeated short blasts from an alarm horn will be used 

to signal workers to stop work and assemble in the contamination Reduction Zone. Workers 

will become familiar with emergency hand signals during the site briefing. 

12.4 EMERGENCY NOTIFICATION PROCEDURES 

All Emergency Calls will be directed to Security Headquarters, Extension 2SOS (2767). 
Upon receipt of an emergency notification call, the Security Officer will request the 

following information: 
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1. Type of Accident/Illness/Emergency. 
2. Specific Location of the PatientIIncident, (By Column Number, Floor, Building 

Number and Telephone Extension). 

3. Description of the emergency and circumstances of illnesslinjury. 

4. Nameofthecaller. 

Upon receipt of an Aim Signal, the Security Officer will dispatchlnotify the appropriate 

personnel to respond to the incident as indicated. 

Written record (documentation) of all incidents shall be prepared by Security Headquarters 

and copies distributed to the Loss Control and other departments as applicable. 

Table 12-1 presents a Summary of Emergency Telephone Numbers. 

12.5 EMERGENCY RESPONSE PROCEDURES 

The following procedures will be followed in the notification of accidents, illnesses, fire 

conditions, chemical spills, natural disasters, etc., which occur at the SAEP. 

12.5.1 Medical 

Security Headquarters will contact the Medical Department by direct phone and will 

contact the EMT Captain for that Zone via radio. Information will include the nature 

of the incident and location. 

Based upon the Medical Department's or EMT's evaluation of the injured, the 

Emergency Medical Service (EMS) will be contacted by phone (911) by Security 

Headquarters. 

Medical Department personnel may request/require transportation to the injury scene. 

If transportation is required, a Security Officer will respond with vehicle. 
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TABLE 12-1 

EMERGENCY TELEPHONE NUMBERS 
STRATFORD ARMY ENGINE PLANT 

SAEP Security Headquarters . 2SOS 

Barnert Memorial Hospital Center (201) 977-6764 

(Dr. Cronin/Dr. Wilkenfeld) 

Poison Control Center (800) 962-1253 

WCC Wayne Office (201) 785-0700 

WCC Plymouth Meeting Office (215) 825-3000 





qw 
Security, Fire, Safety and Medical personnel will be notified, according to need, and 

will form the Response Team. 

The Duty Lieutenant will remain in the Security Control Center to act as coordinator 

and maintain a level of continuity. A Security or Safety Supervisor will act as 

"Incident Commander" at the scene during normal duty hours. After hours, the Duty 

Lieutenant will perform "Incident Commander" responsibilities while a fellow 

Security Officer remains in the Security Control Center to coordinate communications, 

etc. 

At the scene, the "Incident Commander" will assume responsibility for the direction 

and coordination of all necessary actions and support personnel. The Incident 

Commander will then notlfy Security Headquarters of the actual situation (via radio). 

If EMS is required, the Duty Officer will initiate the phone call, and give EMS a l l  

of the necessary information, i.e., which gate to respond to, nature of the 

injurylillness, etc. 

Should EMS be required, the Duty Lieutenant will be responsible to dispatch Security 

Officers to meet the EMS at the gate and direct them to the scene. 

Should the on-scene situation be of sufficient magnitude (multiple injurieslillnesses), 

with the concurrence of on-scene medical personnel, additional AUiedSignal EMT 
Personnel would be called from adjacent zones to assist. 

EMS will assume Medical Control for the injured upon arrival. The Incident 

CommanderlDuty LieutenantIMedical Representative (as applicable) will advise the 

EMS representative of the circumstances and the nature of illnesslinjury along with 

current medical status. 
I 

The Incident Commander or Medical Representative will secure the injured's 

identification badge prior to transportation with EMS. A report shall be forwarded 

to the Medical Department on the appropriate form (AL734). 
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All information pertaining to the emergency will be recorded in the Daily Health and 

Safety Summary Report and the Incident Report. 

12.5.2 Fire 

The Duty Lieutenant upon receipt of a Fire Alarm notification call or alarm will 

immediately dispatch a Security Officer to the scene. A Security or Safety Supervisor 

will also be notified for the purpose of performing as Incident Commander if 

required. 

Fire Protection Specialists will be directed to the fire location via radio 

communications. 

Fire Squad members for the Emergency Zone where the fire alarm was reported will 

also be notified via the EMT radio system to report to the location. 

~ a s e d  on on-scene situation reports received from the Security Officer or Fire 
Protection Specialist sent to the reported location - the Duty Lieutenant will determine 

whether the fire is in the incipient stage or larger. 

Incipient stage fires will be controlled and extinguished by in-plant resources. 

In the event the incipient stage fire intensifies or the actual fire is of greater intensity 

than can be handled internally - the Duty Lieutenant will immediately notify the 

Stratford Fire Department. 

The Duty Lieutenant will advise the Stratford Fire Department of the location, 

intensity and point of entry to the plant, etc. 

A Security Officer will be dispatched to the plant perimeter entrance that the 

responding equipment will use to direct them to the fire location. 
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The Duty Lieutenant will activate the Fire Alarm in the affected Emergency Zone 

where the fire is located, and also provide voice evacuation directions to the 

employees working in the Zone. 

Security Officers and Fire Squad members will provide area control and evacuation 

duties as required. 

The Duty Lieutenant will notify Plant Engineering and Plant Maintenance 

representatives to remove electrical power, provide ventilation fans, other equipment 

or cleanup as required. 

When the Duty LieutenantIIncident Commander have determined that the danger is 

no longer present and the fire has been extinguished, will direct employees to return 
to work and will notify senior management of the details. 

An Incident Report will be prepared which summarizes the event and the actions taken 

to neutralize the frre. 

12.5.3 Chemical Spill 

The Duty Lieutenant, when notified that a chemical spill has occurred on plant 

property, will request the following information: 

(1) Description of the emergency. 

(2) Extent of injuries/exposure. 

(3) Name of chemical involved and quantity spilled. 

(4) Location of the spill. 

(5) Name of the Caller. 

Upon receipt of the above information, the Duty Lieutenant will dispatch a Security 

Officer, Fire Prevention Specialist, Safety Specialist and Environmental Engineer to 

the scene. 
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The Duty Lieutenant will immediately contact the Primary and Alternate Emergency 

Coordinator for Chemical Spills. 

All visitors or workers not engaged in cleanup of the chemical spill will be evacuated 

immediately. 

The Emergency Coordinator will identify the severity of the incident and determine 

if the Emergency Response Plant and emergency evacuation procedures need to be 

implemented. 

The Emergency Coordinator will identify the chemicals or hazardous wastes involved, 

the origin of the problem, the amount of materials involved, and the proximity of 

other material or wastes. He or she should assess possible hazards to human health 
or the environment that may occur. 

The Emergency Coordinator will indicate the appropriate protective clothing and 

breathing apparatus, the use of materials and equipment which are appropriate for the 

characteristics of the hazardous release. 

If the chemical spill can be handled by in-plant resources then routine clean-up 

procedures will be followed. 

The Duty Lieutenant will provide support to the Emergency Coordinator as requested. 

Plant Maintenance and Engineering representatives will be notified to provide logistics 

support, clean-up and repair (if required) to the spill scene. 

12.6 EMERGENCY RESPONSE PERSONNEL 

The SSHO will have the primary role in responding to all W-C on-site emergencies. All site 

personnel will contact the SSHO in case of emergency. The SSHO, or designee, must be 

present on-site during all site work. If reasonable contact cannot be maintained, the SSHO 
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will carry a two-way radio and the work group will also have a two-way radio. If any 

emergency such as a fire, chemical exposure, or physical injury occurs, the SSHO will be 

immediately contacted. The SSHO and any designees performing in this capacity will have 
current certification in First Aid and Cardiopulmonary Resuscitation (CPR). All W-C site 

personnel will take direction from the SSHO and all SAEP emergency response personnel 

in cases of emergency response. If the SSHO or designee is not present, the Site Manager 

will respond to emergencies. Coordination with the SAEP Manager of Health, Safety and 

Loss Control will be made before work recommences. 

12.7 EMERGENCY DECONTAMINATION PROCEDURES 

Decontamination of an injured or exposed worker will be performed only if decontamination 

does not interfere with essential treatment. 

If decontamination can be done: wash, rinse, and/or cut off protective clothing and 

equipment. 

If decontamination cannot be done: 

Wrap the victim in blankets, plastic or rubber to reduce contamination of other 

personnel 

Alert emergency and off-site medical personnel to potential contamination 

The SSHO or other personnel familiar with the incident and site contarnha& 

will accompany the victim to the hospital 
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12.8 PHYSICAL IN- 

On-site First Aid or CPR may be administered by the SSHO and/or other personnel who 

have been appropriately certified. General medical treatment procedures include: 

- Remove the injured or exposed person(s) from immediate danger. 

Render First Aid, if necessary, and decontaminate affected personnel, if 

necessary. 

Evacuate other personnel in the work area on-site to a safe place until the Site 

Manager (assisted by the SSHO) determines that it is safe for work to resume. 

ALL PHYSICAL INJURIES, EVEN IF TREATED BY THE SSHO OR OTHER W-C 

PERSONNEL, MIJST BE REPORTED TO THE SECURITY HEADQUARTERS AND 
THE MEDICAL DEPARTMENT IN ACCORDANCE WITH SECTION 2.5.1. 

Additional information on Emergency First Aid Procedures is presented in Attachment 15. 
Charts providing information on medical procedures for artificial respiration, choking and 

emergency fvst aid are presented in Attachment 16. 
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13.0 

PERSONNEL ASSIGNMENTS 

13.1 PROJECT PERSONNEL 

W-C personnel authorized to enter the site and work on this project subject to compliance 

with provisions of the SSHP are: 

Project Manager Marion E. Craig 

Site Safety and Health Officer Marc E. Jacobson 

New York Metro Business Unit 

Health and Safety Officer Erick Sepulveda 

Corporate Health and Safety Administrator Phillip L. Jones, C M  

13.2 PROJECT SAFETY PERSONNEL 

Personnel responsible for implementing this SSHP are the Project Manager and the SSHO. 

Their specific responsibilities and authority are described in W-C's Health and Safety Manual 

(November, 1990). 
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14.0 

SITE SAFETY AND HEALTH PLAN APPROVALS 

Marion E. Craig 
Project Manager 

Date 

Date 

Health and Safety Officer 

a+ Date 
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ATTACHMENT 1 

TICKS AND TICK-BORNE DISEASES 
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ATTACHMENT 1 
TICKS AND TICK-BORNE DISEASES 

Field personnel should be aware of an increased occurrence of tick-borne disease in the 
United States. In the northeast, the most likely carriers are the white-footed mouse and 
the white-tailed deer. These animals are most prevalent in areas where suburban 
environments abut open fields or woodlands. Although exposure is increased in these 

areas, other carriers, such as dogs and horses, can be found in a variety of 
environments. 

All field personnel should take proper precautions to limit exposure to ticks and tick- 
borne diseases. These include: 

Cinching and taping clothing at the ankles and wrists, especially the ankles. Ticks lie low 

on grass blades and shrubs. They encounter your feet, ankles or lower legs and then 
crawl upward. When checking for ticks, pay special attention to the neck, groin, arm pits 

and scalp. 

Wear light-colored clothing to facilitate spotting the ticks, and check your clothing 

periodically. Be especially careful in terrain with tall grass, bushes or woods. 

Use a tick repellant on skin or clothing. Always read the labels before using. Clothing 

repellents should never be used on the skin. 

Recognize the signs of a bite or an infection. It takes several hours for a tick to attach 
and feed; removing it promptly lessens the chance of being infected. 

Seal field clothes in plastic bags until cleaned. Do not take them into the house as a 
tick may be attached. 

Pregnant women should be particularly careful since the effects of the most common 

tick-borne disease in the northeast, Lyme disease, upon the fetus is unknown. 
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If a tick is discovered on the skin, it is important to remove the entire insect as soon as 

possible. The most effective method is to grasp the tick as close as possible to the 
mouth with tweezers or thin, curved forceps. Then, without jerking, pull it upward 
steadily (a small amount of skin may be removed in the process). 

After removing the tick, disinfect the bite with rubbing alcohol or povidone iodine 
(Betadine). Don't handle the tick; spirochetes could enter the body through breaks in 
the skin. Dispose of it in alcohol or flush it down the drain. And check the bite 
occasionally for at least two weeks to see if a rash forms. If it does, you've been infected 

and should seek treatment promptly. 

The rash appears at the bite location from two days to a few weeks after the bite. It 
usually starts as a small red spot that expands as the spirochetes spread beyond the bite. 
Most commonly, the rash develops into a reddish circle or oval about two to three inches 
in diameter. It fades with or without treatment after a few weeks. 

Much larger rashes - anywhere from 6 to 20 inches in diameters - may also occur, 
especially on the back. Despite their size, large rashes may be easy to miss because 

they're often very faint. 

Other variants include a rash with a red perimeter and a clear center and the so-called 
bull's-eye rash, which consists of several concentric red rings. Rashes may vary in shape, 
depending on where they occur on the body. Frequent sites are the thigh, groin, and 

armpits. People often develop a rash in more than one place. 

Early symptoms may include profound fatigue, a stiff neck, and flu-like symptoms such 
as headache, chills, fever, and muscle aches. Since tick bites don't always produce a 
rash, those symptoms alone may warrant a medical check for possible Lyme infection - 
especially if they occur in summer and you live in an area that is endemic for Lyme 

disease. 
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Without treatment, the spirochetes usually multiply and the disease progressively 

worsens. The second stage, occurring within weeks to months of the bite, may affect the 

heart and nervous system. Third is the chronic arthritic stage, which begins up to a year 

or more after the bite. 
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SAFETY GUIDELINES FOR DRILLING 

Drill rig maintenance and safety is the responsibility of the drill rig operator. The 

following is provided as a general guideline for safe drilling practices on-site. 

OFF-ROAD MOVEMENT O F  DRILL RIGS 

The following safety guidelines related to off-road movement: 

Before moving a drill rig, first walk the route of travel, inspecting for depressions, 
slumps, gulleys, ruts and similar obstacles. 

Always check the brakes of a drill rig camer before traveling, particularly on 
rough, uneven or hilly ground. 

Discharge all passengers before moving a drill rig on rough or hilly terrain. 

Engage the front axle (for 4x4, 6x6, etc., vehicles or carriers) when traveling off 

highway on hilly terrain. 

Use caution when traveling side-hill. Conservatively evaluate side-hill capability 
of drill rigs, because the arbitrary addition of drilling tools may raise the center of 

mass. When possible, travel directly uphill or downhill. 

Attempt to cross obstacles such as small logs and small erosion channel or ditches 
squarely, not at an angle. 

8 Use the assistance of someone on the ground as a guide when lateral or overhead 
clearance is close. 

After the tlrill rig has been moved to a new drilling site, set all brakes and/or 

locks. When grades are steep, block the wheels. 

Remedial Investigation Work Plan - SSHP 
Stratford Army Engine Plant 

Stratford, Connecticut 

amb\89~114cc\d003mis.~Sl 



Never travel off-road with the mast (derrick) of the drill rig in the raised or 

partially raised position. 

Tie down loads on the drill rig and support trucks during transport. 

OVERHEAD AND BURIED UTIllTlES 

The use of a drill rig near electrical power lines and other utilities requires that special 

precautions be taken by both supervisors and members of the exploration crew. 

electricity can shock, it can bum, and it can cause death. 

Overhead and buried utilities should be located, noted and emphasized on all boring 
location plans and boring assignment sheets. 

Before raising the drill rig mast (derrick) on a site in the vicinity of power lines, walk 

completely around the drill rig. Determine what the minimum distance from any point 

on the drill rig to the nearest power line will be when the mast is raised and/or being 

raised. Do not raise the mast or operate the drill rig if this distance is less than 20 feet. 

In general, the distance between the overhead power line and the boom should be no 

less than the height of the boom. 

Keep in mind that both hoist and overhead power lines can be moved toward each other 

by the wind. 

Drilling personnel should double-check any side underground electrical and piping 

drawings prior to initiating drilling. If an obstruction is encountered during drilling, 

proceed with extreme caution until the possibility of an exposed electrical line or 

combustible product pipeline is excluded. 
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CLEARING THE WORK AREA 

Prior to drilling, adequate site cleaning and leveling should be performed to 
accommodate the drill rig and supplies and provide a safe working area. Drilling should 
not be commenced when tree limbs, protruding objects, unstable ground or site 
obstructions or debris cause unsafe tool handling conditions andlor limited, awkward 
work spaces. An area clear of obstructions or debris should be maintained 180 degrees 
around the drilling or sampling activities, where practical. 

NOTE: In coordination with the Drilling Crew, the Site Safety Officer will review the 
precautions taken to insure that the drill rig is leveled and stabilized. 

HOUSEKEEPING ON AND AROUND THE DEULL RIG 

The first requirement for safe field operations is that the drilling crew safety supervisor 

understands and fi~lfills the responsibilit-y for maintenance and "housekeeping" on and 
qu the drill rig. 

Suitable storage locations should be provided for all tools, materials and supplies so that 

they can be conveniently and safety handled without hitting or falling on a member of 
the drill crew or a visitor, without creating tripping hazards, and without protruding at 

eye or head level. 

Avoid storing or transporting tools, materials or supplies within or on the mast (derrick) 
of the drill rig. 

Pipe, drill rods, bit casings, augers and similar drilling tools should be orderly stacked 

on racks or sills to prevent spreading, rolling or sliding. 

Penetration of other driving hammers should be placed at a safe location on the ground 

or be secured to prevent movement when not in use. 
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Work areas, platforms, walkways, scaffolding and other accessways should be kept free 
of materials, obstructions and substances such as ice, excess grease or oil that could 

cause a surface to become slick or otherwise hazardous. 

Keep all controls, control linkages, warning and operation lights and lenses free of oil, 

grease and/or ice. 

Do not store gasoline in any portable container other than a non-sparking, red container 
with a flame arrester in the fill spout and having the word "gasoline" easily visible. 

Welding gas cylinders should be stored in an upright position to avoid gas leaks. 

SAFE USE OF HAND TOOLS 

There are almost an infinite number of hand tools that can be used on or around a drill 

rig. "Use the tool for its intended purpose" is the most important rule. The following 
are a few specific and some general suggestions which apply to safe use of several hand 

tools that are often used on and around drill rigs. 

When a tool becomes damaged, either repair it before using it again or get rid of 

it. 

When using a hammer, any kind of hammer, for any purpose, wear safety glasses 

and require all others near you to wear safety glasses. 

When using a chisel, any kind of chisel, for any purpose, wear safety glasses and 
require all others around you to wear safety glasses. 

Keep all tools cleaned and orderly stored when not in use. 

Replace hook and heel jaws when they become visibly worn. 
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When breaking tool joints on the ground or on a drilling platform, position your 

hands so that your fingers will not be smashed between the wrench handle and the 

ground or the platform, should the wrench slip or the joint suddenly let go. 

SAFE USE OF WIRE LINE HOISTS, WIRE ROPE AND HOISTING HARDWARE 

The use of wire line hoists, wire rope and hoisting hardware should be as stipulated by 

the American Iron and Steel Institute's Wire Rope Users Manual. 

All wire ropes and fittings should be visually inspected during use and thoroughly 

inspected at least once a week for: abrasion, broken wires, wear, reduction in rope 

diameter, reduction in wire diameter, fatigue, corrosion, damage from heat, improper 

weaving, jamming, crushing, bird caging, kinking, core protrusion and damage to lifting 

hardware and any other feature that would lead to failure. Wire ropes should be 

replaced when inspection indicates excessive damage according to the wire rope users 

manual. 

qw 
If a ball-bearing type hoisting swivel is used to hoist drill rods, swivel bearings should be 

inspected and lubricated daily to assure that the swivel freely rotates under load. 

If a rod slipping device is used to hoist drill rods, do not drill through or rotate drill rods 

through the slipping device, do not hoist more than 1-foot (0.3 m) of the drill rod 
column above the top of the mast (derrick), do not hoist a rod column with loose tool 

joints and do not make up, tighten or loosen tool joints while the rod column is being 

supported by a slipping device. If drill rods should slip back into the borehole, do not 

attempt to brake the fall of the rods with your hands. 

Most sheaves on drill rigs are stationary with a single part line. The number of parts of 

line should not ever be increased without first consulting with the manufacturer of the 

drill rig. Wire ropes must be properly matched with each sheave. 
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The following procedures and precautions must be understood and implemented for safe 
use of wire ropes and rigging hardware. 

Use tool handling hoists only for vertical lifting of tools (except when angle hole 
drilling). Do not use tool handling hoists to pull on objects away from the drill rig; 
however, drills may be moved using the main hoist as the wire rope is pulled through 
proper sheaves according to the manufacturer's recommendations. 

When stuck tools or similar loads cannot be raised with a hoist, disconnect the hoist line 
and connect the stuck tools directly to the feed mechanisms of the drill. Do not use 
hydraulic leveling jacks for added pull to the hoist line or the feed mechanisms of the 
drill. 

When attempting to pull out a mired down vehicle or drill rig carrier, only use a winch 
or the front or rear of the vehicle or drill rig carrier and stay as far as possible away 
from the wire rope. Do not attempt to use tool hoists to pull out a mired down vehicle 

or drill rig carrier. 

Minimize shock loading of a wire rope - apply loads smoothly and steadily. 

Protect wire rope from sharp corners or edges. 

Replace faulty guides and rollers. 

Replace worn sheaves or worn sheave bearings. 

Replace damaged safety latches on safety hooks before using. 

Know the safe working load of the equipment and tackle being used. Never 
exceed this limit. 

, 
Clutches and brakes of hoists should be periodically inspected and tested. 
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Know and do not exceed the rated capacity of hooks, rings, links, swivels, shackles 

and other lifting aids. 

Always wear gloves when handling wire ropes. 

Do not guide wire ropes or hoist drums with your hands. 

Follow the installation of a new wire rope, first lift a light load to allow the wire 

rope to adjust. 

Never carry out any hoisting operations when the weather conditions are such that 

hazards to personnel, the public, or property are created. 

Never leave a load suspended in the air when the hoist is una.ttended. 

Keep your hands away from hoists, wire rope, hoisting hooks, sheaves and pinch 

points as slack is being taken up and when the load is being hoisted. 

Safety rules described in OSHA Regulations 29 CFR 1926.552 and guidelines 

contained in the Wire Rope User's Manual published by the American Iron and 

Steel Institute shall be used whenever wire line hoists, wire rope, or hoisting 
hardware are used. 

Never hoist loads over anyone's head. 

The operator and tool handler should establish a system of responsibility for the 

series of various activities required for auger drilling, such as connecting and 

disconnecting auger sections, and inserting and removing the auger fork. The 

operator must insure that the tool handler is well away from the, auger column and 

that the auger fork is removed before starting rotation. 
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Only use the manufacturer's recommended method of securing the auger to the 

power coupling. Do not touch the coupling or the auger with your hands, a 

wrench or any other tool during rotation. 

Whenever possible, use tool hoists to handle auger sections. 

Never place hands or fingers under the bottom of an auger section when hoisting 

the auger over the top of the auger section in the ground or other hard surfaces 

such as the drill rig platform. 

Never allow feet to get under the auger section that is being hoisted. 

When rotating augers, stay clear of the rotating auger and other rotating 

components of the drill rig. Never reach behind or around a rotating auger for 

any reason whatsoever. 

Never place your hands between the drill rig and an auger, even when attempting 

to free a damaged or bound Shelby tube from the auger. 

Never use your hands or feet to move cuttings away from the auger. 

Augers should be cleaned only when the drill rig is in neutral and the augers are 

stopped from rotating. 

SAFETY DURING ROTARY AND CORE DRILLING 

Rotary drilling tools should be safety checked prior to drilling: 

Water swivels and hoisting plugs should be lubricated and checked for "frozen" 

bearings before use. 

Drill rod chuck jaws should be checked periodically and replaced when necessary. 
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The capacities of hoists and sheaves should be checked against the anticipated 

weight of the drill rod string plus other expected hoisting loads. All cables should 

be inspected daily. 

Special precautions that should be taken for safety rotary or core drilling involve 

chucking, joint break, hoisting and lowering of drill rods: 

Drill rods should not be braked during lowering into the hole with drill rod chuck 

jaws. 

Drill rods should not be held or lowered into the hole with pipe wrenches. 

If a string of drill rods are accidentally or inadvertently released into the hole, do 

not attempt to grab the falling rods with your hands or a wrench. 

In the event of a plugged bit or other circulations blockage, the high pressure in 

the piping and hose between the pump and the obstruction should be relieved or 

bled down before breaking the first tool joint. 

When drill rods are hoisted from the hole, they should be cleaned for safe 

handling with a rubber or other suitable rod wiper. Do not use your hands to 

clean drilling fluids from drill rods. 

If work must progress over a portable drilling fluid (mud) pit, do not attempt to 

stand on narrow sides or cross members. The mud pit should be equipped with 

a rough surface, fitted cover panels of adequate strength to hold drill rig 

personnel. 

Drill rods should not be lifted and leaned unsecured against the mast. Either 

provide some method of securing the upper ends of the drill rod sections for safe 

vertical storage or lay the rods down. 
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All hydraulic lines should be periodically inspected for integrity and replaced as 

needed. 

START UP 

All drill rig personnel and visitors should be instructed to "stand clear" of the drill rig 

immediately prior to and during starting of an engine. 

Make sure all gear boxes are in neutral, all hoist levers are disengaged, all hydraulic 

levers are in the correct non-actuating positions and the cathead rope is not on the 

cathead before starting a drill rig engine. 

GENERAL SAFETY DURING DRILLING OPERATIONS 

Safety requires the attention and cooperation of every worker and site visitor. 

Do not drive the drill rig from hole to hole with the mast (derrick) in the raised position. 

Before raising the mast (derrick) look up to check for overhead obstructions. (Refer to 

previous Section on overhead and buried utilities). 

Before raising the mast (derrick), all drill rig personnel and visitors (with exception of 

the operator) should be cleared from the areas immediately to the rear and the sides of 

the mast. All drill rig personnel and visitors should be informed that the mast is being 

raised prior to raising it. 

Before the mast (derrick) of a drill rig is raised and drilling is commenced, the drill rig 

must be first leveled and stabilized with leveling jacks andlor solid cribbing. The drill 

rig should be re-leveled if it settles after initial set up. Lower the mast (derrick) only 

when leveling jacks are down and do not raise the leveling jack pads until the mast 

(derrick) is lowered completely. 
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Before starting drilling operations, secure and/or lock the mast (derrick) if required 

according to the drill manufacturer's recommendations. 

The operator of a drill rig should only operate a drill rig from the position of the 

controls. The operator should shut down the drill engine before leaving the vicinity of 

the drill rig. 

Do not consume alcoholic beverages or other depressants or chemical stimulants prior 

to starting work on a drill rig or while on the job. 

Watch for slippery ground when mounting and dismounting from the platform. 

All unattended boreholes must be adequately covered or otherwise protected to prevent 

drill rig personnel, site visitors or animals from stepping or falling into the hole. All 

open boreholes should be covered, protected or backfilled adequat.ely and according to 

local or state regulations on completion of the drilling project. 

qw 
"Horsing around" within the vicinity of the drill rig and tool and supply storage areas 

should never be allowed, even when the drill rig is shut down. 

Be careful when lifting heavy objects. Before lifting a relatively heavy object, approach 

the object by bending at the knees, keeping your back vertical and unarched while 
obtaining a firm footing. Grasp the object firmly with both hands and stand slowly and 

squarely while keeping your back vertical and unarched. In other words, perform the 

lifting with the muscles in your legs, not the muscles in your lower back. 

Drilling operations should be terminated during an electrical storm. 

The minimum number of personnel necessary to achieve the objectives shall be within 

25 feet of the drilling or sampling activity. Back-up personnel should remain at  least 

25 feet from the drilling or sampling activity, where practical. 

'IrW Remedial Investigation Work Plan - SSHP 
Stratford Army Engine Plant 

Stratford, Connecticut 

arnb\89cl14cc\d003mis.w51 



Hardhats and steel boots are to be worn by all personnel in the vicinity of the drilling 

activities. Drilling personnel should not wear loose-fitting or baggy clothing which may 

be awkward or get caught on equipment. Jewelry, including rings and necklaces, should 

not be worn around electrical wires or rotating equipment. 
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HEAT STRESS PLAN 
(IF NOT WEARING IMPERVIOUS FULGBODY CLOTHING) 
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HEAT STRESS 

Note: Materials on the Notice of Intended Changes have been in- 
corporated into the text and are indicated by a t preceding the 
revision/addition and by a vertical tule in the margin. 

The heat stress TLVs specified in Table 1 and Figure 1 refer 
to heat stress conditions under which it is believed that nearly all 
workers may be repeatedly exposed without adverse heatth effects. 
These TLVs are based on the assumption that nearly all acclima- 
tized, fully clothed (e.g., lightweight pants and shirt) workers with 
adequate water and salt intake should be able to function effec- 
tively under the given working conditions without exceeding a deep 
body temperature of 38OC (100.4OF). 

Since measurement of deep body temperature is impractical 
for monitoring the workers' heat load, the measurement of environ- 
mental factors is required which most nearly correlate with deep 
body temperature and other physiological responses to heat. At 
the present time, the Wet Bulb Globe Temperature Index (WBGT) 
is the simplest and most suitable technique to measure the 
environmental factors. WBGT values are calculated by the following 
equations: 

1. Outdoors with solar load: 
WBGT = 0.7 NX'B + 0.2 GT + 0.1 DB 

2. Indoors or Outdoors with no solar load: 
WBGT = 0.7 NwB + 0.3 GT * w h y i G T  = Wet Bulb Globe Temperature Index 

NWB I. Natural Wet-Bulb Temperature 
DB = Dry-Bulb Temperature 
GT = Globe Temperature 

The determination of WBGT requires the use of a black globe ther- 
mometer, a natural (static) wet-bulb thermometer, and a dry-bulb 
thermometer. 

Higher heat exposures than those shown in Table 1 and Figure 
1 are permissible if the workers have been undergoing medical 
su~eillance and it has been established that they are more toler- 
ant to work in heat than the average worker. Workers should not 
be permitted to continue their work when their deep body temper- 
ature exceeds 38OC (1 00.4OF). 

Evaluation and Control 

L Measurement of the Environment 
The instruments required are a dry-bulb, a natural wet-bulb, 

8 globe thermometer, and a stand. The measurement of the 
environmental facton should be performed as follows: 

TABLE 1. Permissible Heat Exposure Threshold L im i t  
Values I\'slues are given in OC and ( O F )  \VBGT] 

Work Load 

Work -Rest Regimen Light Moderate Heavy 

Continuous work 30.0 (86) 26.7 (80) 25.0 (77) 

75% Work - 
25% Rest, each hour 30.6 (87) 28.0 (82) 25.9 (78) 

505% Work - 
50% Rest, each hour 31.4 (89) 29.4 (85) 27.9 (82) 

25 !% Work - 
75% Rest, each hour 32.2 (90) 31.1 (88) 30.0 (86) 

A. The range of the dry and the natural wet bulb thermometer 
should be -5OC to +50°C (23OF to 122OF) with an accuracy of 

0.5OC. The dry bulb thermometer must be shielded from the 
sun and the other radiant surfaces of the environment without re- 
stricting the airflow around the bulb. The wick of the natural wet- 
bulb thermometer should be kept wet with distilled water for at least 
112 hour before the temperature reading is made. It is not enough 
to immerse the other end of the wick into a reservoir of distilled 
water and wait until the whole wick becomes wet by capillarity.. 
The wick should be wetted by direct application of water from a 
syringe 112 hour before each reading. The wick should extend over 
the bulb of the thermometer, covering the stem about one addi- 
tional bulb length. The wick should always be clean and new wicks 
should be washed before using. 

8. A globe thermometer, consisting of a 15-cm (cinch) diameter 
hollow copper sphere painted on the outside with a matte black 
finish or equivalent, should be used. The bulb or sensor of a ther- 
mometer (range -S°C to + lOO0C [23OF to 212OFJ with an accuracy 
of 0.5OC) must be fixed in the center of the sphere. The globe 
thermometer should be exposed at least 25 minutes before it is 
read. 

C. A stand should be used to suspend the three thermometers so 
that they do not restrict free air flow around the bulbs, and the wet- 
bulb and globe thermometer are not shaded. 

0. It is permissible to use any other type of temperature sensor 
that gives a reading identical to that of a mercury thermometer 
under the same conditions. 



Acclimatized 
.--------- Unacclimatized 

E. The thermometers must be placed so that the readings are 
representative of the conditions under which the employees work 
or rest, respectively. 

11. Work Load Categories I 
Heat produced by the body and the environmental heat 

together determine the total heat load. Therefore, if work is to be 
performed under hot environmental' conditions, the workload 
category of each job should be established and the heat exposure 
limit pertinent to the workload evaluated against the applicable 
standard in order to protect the worker exposure beyond the per- 
missible limit. 

A. The work load category may be established by ranking each 
job into light, medium, or heavy categories on the basis of type 
of operation: 

(1) light work (up to 200 kcallhr or 800 Btulhr): e.g., sitting or 
standing to control machines, performing light hand or arm 
work, 

(2) moderate work (200-350 kcallhr or 800-1400 Btulhr): e.g., 
walking about with moderate litling and pushing, or 

(3) heavy work (350-500 kcaVhr or 1400-2000 Btulhr): e.g., pick 
and shovel work. 

Where the work load is ranked into one of said three categories, 
the permissible heat exposure TLV for each workload can be esti- 
mated from Table 1 or calculated using Tables 2 and 3. 

0. The ranking of the job may be performed either by measuring 
the worker's metabolic rate while performing a job or by estimat- 
ing the worker's metabolic rate with the use of Tables 2 and 3. 
Additional tables available in the literaturd'-') may be utilized also. 
When this method is used, the permissible heat exposure TLV can 
be determined by Figure 1. 

Ill. Work-Rest Regimen 

100 200 300 400 500 kcallhr 

400 800 12m 1600 2000 Btulhr 

116 233 349 465 580 watts 

METABOLIC HEAT . 
tFigun 1 -Permissible hsat exposure Threshold Limit Values for heat ac- 
climatized and unacclimatized worken. 

The T LVs specified in Table 1 and Figure 1 are based on the 
assumption that the WBGT value of the resting place is the same 
or very close to that of the workplace. Where the WBGT of the 
work area is different from that of the rest area, a time-weighted 
average value should be used for both environmental and meta- 
bolic heat. 

The time-weighted average metabolic rate (M) should be de- 
termined by the equation: 

Av. M = MI x t1 + M2 x + ... + M, x f 

t, + 6 + ... + t, 
where M,, M, ... and M, are estimated or measured metabolic 
rates for the various activities and rest periods of the worker dur- 
ing the time periods t,, 4...and t,, (in minutes) as determined by 



,"* 

TABLE 2. Assessment of Work Load TABLE 3. Activity Examples 

Average values of metabolic rate during different activities. 

A. Body position and moven~ent kcal/min 

Sitting 0.3 
Standing 0.6 
Walking . 2.0-3.0 
Walking up hill add 0.8 

per meter (yard) rise 

Average Range 
B. Type of Work kcallrnin kcallmin 

- 

Hand work light 
h e a y  

Work with one arm lighr 
heaky 

Work with both arms light 
heat? 

Work with body light 
modemre 

heat? 
v e q  h e a y  

a time study. 
The timeweighted average WBGT should be determined by 

the equation: 
Av. WGBT = 

WBGT, X 1, + WBGT, x t, + ... + WBGT, X t,, 

where WBGT,, WBGT, ... and WBGT,, are calculated values of 
WBGT for the various work and rest areas occupied during total 
time periods; t,, t, ... and 1, are the elapsed times in minutes 
spent in the corresponding areas which are determined by a time 
study. Where exposure to hot environmental conditions is continu- 
ous for several hours or the entire work day, the time-weighted 
averages should be calculated as an hourly timeweighted average, 
i.e., 1, + 1, + ... t,, = 60 minutes. Where the exposure is inter- 
mittent, the time-weighted averages should be calculated as t w e  

- - - -  - 

Light hand work: writing, hand knitting 

Heavy hand work: typewriting 

Heavy work with one arm: hammering in nails (shoemaker, 
upholsterer) 

Light work with two arms: filing metal, planing wood, raking 
of a garden 

Moderate work with the M y :  cleaning a floor, beating a 
carpet 

Heavy work with the body: railroad track laying, digging, 
barking trees 

Sample Calculation 

Assembly line work using a heavy hand tool. 

A. Walking along 2.0 kcallmin 

B. Intermediate value between heavy work 
with two arms and light work with 
the body 3.0 kcallmin 

Subtotal: 5.0 kcalfrnin 

C. Add for basal metabolism 1.0 kcallmin 

Total: 6.0 kcallmin 

hour time-weighted averages, i.e., t, + 1, + ... + 1, .: I20 
minutes. 

The TLVs for continuous work are applicable where there is 
a work-rest regimen of a M a y  work week and an &hour work 
day with a short morning and afternoon break (approximately 15 
minutes) and a longer lunch break (approximately 30 minutes). 
Higher exposure values are permitted if additional resting time is 
allowed. All breaks, including unscheduled pauses and adminis- 
trative or operational waiting periods during work, may be count- 
ed as red time when additional rest allowance must be given 
because of high environmental temperatures. 

IV. Water end Safi Supplementation 

During the hot season or when the worker is exposed to ar- 
tificially generated heat, drinking water should be made available 



to the workers in such a way that they are stimulated to frequently 
drink small amounts, i.e., one cup every 15-20 minutes (about 150 
ml or 114 pint). 

The water should be kept reasonably cool, 10°C to lS°C 
(50°F to 60°F) and should be placed close to the workplace so 
that the worker can reach it without abandoning the work area. 

The workers should be encouraged to salt their food abun- 
dantly during the hot season and particularly during hot spells. If 
the workers are unacclimatized, salted drinking water should be 
made available in a concentration of 0.1 010 (1 g NaCl to 1.0 liter 
or 1 level tablespoon of salt to 15 quarts of water). The added salt 
should be completely dissolved before the water is distributed, and 
the water should be kept reasonably cool. 

V. Other Considerations 

A. Clothing: The permissible heat exposure TLVs are valid for light 
summer clothing as customarily worn by workers when working 
under hot environmental conditions. If special clothing is required 
for performing a particular job and this clothing is heavier or it im- 
pedes sweat evaporation or has higher insulation value, the wor- 
ker's heat tolerance is reduced, and the permissible heat exposure 
TLVs indicated in Table 1 and Figure 1 are not applicable. For each 
job category where special clothing is required, the permissible 
heat exposure TLV should be established by an expert. 

tTable 4 identifies TLV WBGT correction factors for represek 
tative types of clothing. 

B. Acclimatization and Fitness: Acclimatization to heat involves a 
series of physiological and psychological adjustments that occur 
in an individual during the first week of exposure to hot environ- 
mental conditions. The recommended heat stress TLVs are valid 

tTABLE 4. TLV MBGT Correction Factors for Clothing 

Clothing Type Clo W'BGT 
Value* Correction 

Summer work uniform 0.6 0 
Cotton coveralls 1 .O -2 
Winter work uniform 1.4 4 
Gonex* I .2 4 

(water barrier) 
Tyvtk@ 1.2 -10 

(vapor barrier) 
(fully encapsulating suit. 
gloves, boots & hood) 

*ao: Insulation value of clorhmg. Om do  unit = 5.55 kdlm?lhr  of h u t  ex- 
change by radiation ud m\ecrion fa each .C of tnnpcruurr diffucncr brnvaen 
chc skin ud d j d  dry bulb ampmUm. 

for acclimated workers who are physically fit. Extra caution must 
be employed when unacclimated or physically unfit workers must 
be exposed to heat stress conditions. 

tC. A&erse Heatth Effects: The most serious of heat-indked ill- 
nesses is heat stroke because of its potential to be life threaten- 
ing or result in irreversible damage. Other heat-induced illnesses 
include heat exhaustion which in its most serious form leads to 
prostration and can cause serious injuries as well. Heat cramps, 
while debilitating, are easily reversible if properly and promptly treat- 
ed. Heat disorders due to excessive heat exposure include elec- ' trolyte imbalance, dehydration, skin rashes, heat edema, and loss 
of physical and mental work capacity. 

If during the firs trimester of pregnancy, a female worker's 
core temperature exceeds 3g°C (102.2OF) for extended periods, 
there is an increased risk of malformation to the unborn fetus. A d  

I ditionally, core temperatures above 38OC (100.4OF) may be as- 
sociated with temporary infertility in both females and males. 
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Heat Stress and Other Physiological 
Factors 
Wearing PPE puts a hazardous waste worker at consid- 
erable risk of developing heat stress. This can result i~ 
health effects ranging from transient heat fatigue to seri- 
ous illness or death. Heat stress is caused by a number of 
interacting factors, including environmental conditions, 
clothing, workload, and the individual characteristics of . 
the worker. Because heat stress is probably one of the 
most common (and potentially serious) illnesses at haz- 
ardous waste sites, regular monitoring and other preven- 
tive precautions we vital. 

Individuals vary in their susceptibility to heat stress. Fac- 
t o n  that may predispose someone to heat stress include: 

Lack of physical fitness. 

b c k  of acclimatization. 

Dehydration. 

Obesity. 

Alcohol and drug usa 

Infection. 

Sunburn. 

Diarrhea. 

Chronic diseasa 

Reduced work tolerance and the increased risk of exces- 
sive heat stress is directly influenced by the amount and 
type of PPE worn. PPE adds weight and bulk, severely 
reduces the body's access to normal heat exchange qw mechanisms (evaporation, convection, and radiation), and 
increases energy expenditure. Therefore, when selecting 
PPE, each item's benefit should be carefully evaluated in 
relation to its potential for increasing the risk of heat 
stress. Once PPE is selected, the safe duration of work1 
rest periods should be determined based on the: 

Anticipated work rats 

Ambient temperature and other environmental 
factors. 

Type of protective ensembla 

Individual worker characteristics and fitness. 

Monitoring 

Because the incidence of heat stress depends on a wri- 
ety of factors, all worken, even those not wearing protec- 
tive equipment, should be monitored. 

For workers wearing permeable clothing (ag., stan- 
dard conon or synthetic work clothes), follow 
recommendations for monitoring requirements and 
suggested worklrest schedules in the current 
American Conference of Governmental Industrial 
Hygienists' (ACGIH) Threshold Limit Values for 
Heat Stress (111. If the actual clothing,worn differs 
from the ACGIH standard ensemble in insulation 
value andlor wind and vapor permeability, change 
the monitoring requirements and worklrest sched- 
ules accordingly (121. 

For workers wearing semipermeable or imper- 
meable' encapsulating ensembles, the ACGIH 
standard cannot be used. For these situations, 
workers should be monitored when the tempera- 
ture in the work area is above 70°F (21 OC) 161. 

To monitor the worker, measure: 

Heart rats Count the radial pulse during a 
30-second period as early as possible in the rest 
period. 

If the heart rate exceeds 110 beats per minute at 
the beginning of the rest period, shorten the next 
work cycle by one-third and keep the rest period 
the soma 
If the heart rate still exceeds 110 beats per minute 
at the next rest period, shorten the following work 
cycle by one-third 1121. 

Oral temperatura Use a clinical thermometer 
(3 minutes under the tongue) or similar device to 
measure the oral temperature at the end of the 
work period (before drinking). 

If oral temperature exceeds 99.6OF (37.6OC1, 
shorten the next work cycle by one-third without 
changing the rest period. 
If oral temperature still exceeds 99.6 OF (37.6 OCI at 
the beginning of the next rest period, shorten the 
following work cycle by one-third 1121. 
Do not permit a worker to wear a semipermeable or 
impermeable garment when hislher oral tempera- 
ture exceeds 100.6 OF (38.1 0C)[121. 

Body water loss, if possibla Measure weight on a 
scale accurate to i 0 . 25  Ib at the beginning and 
end of each work day to see if enough fluids are 
being taken to prevent dehydration. Weights 
should be taken while the employee wears similar 
clothing or, ideally, is nude. The body water loss 
should not exceed 1.5 percent total body weight 
loss in 8 work day 1121. 

Initially, the frequency of physiological monitoring 
depends on the air temperature adjusted for solar rrdia- 
tion and the level of physical work (see Table 8-10). The 
length of the work cycle will be governed by the fre- 
quency of the required physiological monitoring. 

Proper training and preventive measures will help overt 
serious illness and loss of work productivity. Preventing 
heat stress is particularly important because once some- 
one suffers from heat stroke or heat exhaustion, that per- 
son may be predisposed to additional heat injuries. To 
m i d  heat stress, management should take the following 
mops: 

Adjust work rchodules: 

Modify worklrest schedules according to monitor- 
ing requirements. 
Mandate work slowdowns as needed. 

'Although no protective rnremble is "completely" impomwrbh 
for practical purposes an outfit may be conridar.d impermablr 
when cslculrting heat nmss risk. 



Rotate personnel: alternate job functions to mini- 
mize overstress or overexertion at one task. 
Add additional personnel to work teams. 
hrform work during cooler hours of the day if pos- 
sible or at night if adequate lighting can be 
provided. 

Prwide shetter (air-conditioned, H possible) or 
shaded areas to protect personnel during rest 
periods. 

Maintain workers' body fluids at normal levels. 
This is necessary to ensure that the cardiwascular 
system functions adequately. Daily fluid intake 
must approximately equal the amount of water 
lost in sweat, ia, 8 fluid ounces (0.23 liters) of 
water must be ingested for approximatdy every 
8 ounces (0.23 kg) of weight lost. The normal 
thirst mechanism is not sensitive enough to 
ensun that enough water will be drunk to replace 
tost sweat 1141. When heavy sweating occurs, 
encourage the worker to drink mora The following 
strategies may be useful: 

Maintain water temperature at 50° to 60°F 
(lo0 to 15.6OC). 
Provide small disposable cups that hold about 
4 ounces (0.1 liter). 
Have workers drink 16 ounces (0.5 liters) of fluid 
(preferably water or dilute drinks) before beginning 
work. 
Urge workers to drink a cup or two .very 15 to 20  
minutes, or at each monitoring break. A total of 
1 to 1.6 gallons (4 to 6 liters) of fluid per day are 
recommended, but more mry be necessary to 
maintain body weight. 
Weigh workers before and after work to determine 
if fluid replacement is adequata 

Encourage worken to maintain an optimal level of 
physical fitness: 

Where indicated, acclimatize worken to site work 
conditions: temperature, protective clothing, and 
workload (see Level o f  Acclimatir.tion at the end of 
this chapter). 
Urge workers to maintain normal w igh t  levels. 

Prwide cooling devices to aid natural body heat 
exchange during prolonged work or severe heat 
exposure Cooling devices include: 

Field showers or hosrdown areas to reduce body 
temperature andlor to cool off protective clothing. 
Cooling jackets, vests, or suits [see Table 8-5 for 
details). 

Train workers to recognize and treat heat stress. 
As pas of training, identify the signs m d  symp- 
toms of heat stress (see Table 8-11). 

PPE decreases worker pedormance as compared to an 
unequipped individual. The magnitude of this effect varies 
considerably, depending on both the individual and the 
PPE ensemble used. This section discusset the demon- 
strated physiological responses to PPE, the individual 
human characteristics that play a factor in there 

responses, and some of the precau?ionary and training 
measures that need to be taken to avoid PPE-induced 
injury. 

The physiological factors may affect worker ability to 
function using PPE include: 

Physical condition. 

Lswl of acclimatization. 

Aa* 
Gender. 

Weight. 

Physical Condition 
Physical fitness is a major factor influencing a person's 
ability to perform work under hbat stress. The more fit , 

someone is, the more work they can safely perform. At a 
given Ievel of work, a fit person, relative to an unfit 
person, will haw [5,8,15,161: 

b s s  physiological strain. 

A lower heart rate 

A lower body temperature, which indicates less 
retained body heat (a rise in internal temperature 
precipitates heat injury). 

A more efficient swarting mechanism. 

Slightly lower oxygen consumption. 

Slightly lower carbon dioxide production. 

h l  of Acclimatization 
The degree to which a worker's body has physiologically 
adjusted or acclimatized to working under hot conditions 
affects his or her ability to do work. Acclimatized indi- 
viduals generally have lower hean rates and body temper- 
atures than unacclimatized individuals [17], and sweat 
sooner and more profusely. This enables them to maintain 
lower skin and body temperatures at a given level of 
environmental heat and work loads than unacclimatized 
workers 1181. Sweat composition also becomes more 
dilute with acclimatization, which reduces salt loss 181. 

Accli~atization can occur after just a few days of 
exporure to a hot environment 115,161. NlOSH recom- 
mends a progressive 6day acclimatization period for the 
unacclimatized worker before allowing himiher to do full 
work on a hot job 1161. Under this regimen, the first day 
of work on site is begun using only 50 percent of the 
anticipated workload and exposure tima and 10 percent 
is added each day through day 6 1161. Wlth fit or trained 
individuals, the acclimatization period m y  be shortened 
2 or 3 days. However, workers can lose acclimitization in 
a manor of days, and work regimens ohould be adjusted 
to account for this. 

When enclosed in m impermeable suit, fn acclimatized 
individuals sweat mom profusely than unfit or unacclima- 
tized individuals and may therefore actually face a greater 
danger of heet exhaustion due to rapid dehydration: This 
can be prevented by consuming adequate quantities of 
water. See previous section on Prevention for additional 
information. 
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COLD STRESS 

The cold stress TLVs are intended to protect workers from 
the severest effects of coid stress (hypothermia) and cold injury 
and to describe exposures to cold working conditions under which 
it is believed that nearly all workers can be repeatedly exposed 
without adverse health effects. The TLV objective is to prevent 
the deep body temperature from falling below 36OC (96.E°F) and 
to prevent cold injury to body extremities (deep body tempera- 
ture is the core temperature of the body determined by conven- 
tional methods for rectal temperature measurements). For a 
single, occasional exposure to a cold environment, a drop in core 
temperature to no lower that 35% (95OF) should be permitted. 
In addition to provisions for total body protection, the TLV objec- 
tive is to protect all parts of the body with emphasis on hands, 
feet, and head from cold injury. 

Introduction 
Fatal exposures to cold among workers have almost always 

resulted from accidental exposures involving failure to escape 
from low environmental air temperatures or from immersion in 
low temperature water. The single most important aspect of life- 
threatening hypothermia is the fall in the deep core temperature 
of the body. The clinical presentations of victims of hypothermia 
are shown in Table 1. Workers should be protected from exposure 
to cold so that the deep core temperature does not fall below 36OC 
(96 8OF); lower body temperatures will very likely result in reduced 
mental alertness, reduction in rational decision making, or loss 
of consciousness with the threat of fatal consequences. 

Pain in the extremities may be the first early warning of 
danger to cold stress. During exposure to cold, maximum severe 
shivering develops when the body temperature has fallen to 35OC 
(9S°F). This must be taken as a slgn of danger to the workers 
and exposure to cold should be immediately terminated for any 
workers when severe shivering becomes evident. Useful physi- 
cal or mental work is llmited when severe shivering occurs. 

Since prolonged exposure to cold air, or to immersion in cold 
water, at temperatures well above freezing can lead to danger- 
ous hypothermia, whole body protection must be provided. 

1. Adequate insulating dry clothing to maintain core tempera- 
tures above 36OC (96.EDF) must be provided to workers if work 
is performed in air temperatures below 4OC (40°F). Wind chill 
cooling rate and the cooling power of air are critical factors. 
[Wind chill cooling rate is defined as heat loss from a body 
expressed in watts per meter squared which is a function of 
the air temperature and wind velocity upon the exposed body.] 
The higher the wind speed and the lower the temperature in 
the work area, the greater the insulation value of the protec- 
tive clothing required. An equivalent chill temperature chart 
relating the actual dry bulb air temperature and the wind ve- 

TABLE 1. Progressive Clinical hesentations of Hypotherrnia* 

Core 
Temperature 

O C  O F  Clinical Signs 

37.6 99.6 "Normal" rectal temperature 

37 98.6 "Normal" oral temperature 
36 96.8 Metabolic rate increases i n  an anempt to com- 

pensate for heat loss 

35 95.0 Maximum shivering 

34 93.2 Victim conscious and responsive, with normal 
blood pressure 

33 91.4 Severe hypothermia below this temperature 

32 89.6 Consciousness clouded; blood pressure be- 
3 1 87.8 comes difficult to obtain; pupils dilated but m a  

to light; shivering ceases 

30 86.0 Progressive loss of consciousness; muscular 
29 84.2 rigidity increases; pulse and blood pressure 

difficult to obtain; respiratory rate decreases 

Ventricular fibrillation possible with myocardial 
irritability 

Voluntary motion ceases; pupils nonreactive to 
light; deep tendon and superficial reflexes 
absent 
Victim seldom conscious 

Ventricular fibrillation may occur spon- 
taneously 

Pulmonary edema 

Maximum risk o f  ventricular fibrilation 

Cardiac standstill 

18 64.4 Lowest accidental hypothermia victim to 
recover 

17 62.6 Isoelectric electroencephalogram 
9 48.2 Lowest anificially cooled hypothermia patient 

to recover 

Prexnfations approximately related to core temperature. Reprinted 
from the January 1982 issue of Amrrican Family Physician, published 
by the American Academy of Family Physicians. 



locity is presented in Table 2. The equivalent chill tempera- 
ture should be used when estimating the combined cooling 
effect of wind and low air temperatures on exposed skin or 
when determining clothing insulation requirements to main- 
tain the deep body core temperature. 

2. Unless there are unusual or extenuating circumstances, cold 
injury to other than hands, feet, and head is not likely to occur 
without the development of the initial signs of hypothermia. 
Older workers or workers with circulatory problems require 
special precautionary protection against cold injury. The use 
of extra insulating clothing andlor a reduction in the duration 
of the exposure period are among the special precautions 
which should be considered. The precautionary actions to be 
taken will depend upon the physical condition of the worker 
and should be determined with the advice of a physician with 
knowledge of the cold stress factors and the medical condi- 
tion of the worker. 

Evaluafion and Control 
For exposed skin, continuous exposure should not be per- 

mined when the air speed and temperature results in an equiva- 
lent chill temperature of -32OC (25.6OF). Superficial or deep local 
tissue freezing will occur only at temperatures below - l °C 
(30.2OF) regardless of wind speed. 

At air temperatures of 2OC (35.6OF) or less, it is imperative 
that workers who become immersed in water or whose clothing 
becomes wet be immediately provided a change of clothing and 
be treated for hypothermia. 

Recommended limits for properly clothed workers for periods 
of work at temperatures below freezing are shown in Table 3. 

Special protection of the hands is required to maintain 
manual dexterity for the prevention of accidents: 
1. If fine work is to be performed with bare hands for more than 

10-20 minutes in an environment below 16OC (60.B0F), spe- 
cial provisions should be established for keeping the workers' 
hands warm. For this purpose, warm air jets, radiant heaters 
(fuel burner or electric radiator), or contact warm plates may 
be utilized. Metal handles of tools and control bars should be 
covered by thermal insulating material at temperatures be- 
low -1 OC (30.2OF). 

2. If the air temperature falls below 16OC (60.8*F) for sedentary, 
4% (39.2OF) for light, -7% (19.4OF) for moderate work and 
fine manual dexterity is not required, then gloves should be 
used by the workers. 
To prevent contact frostbite, the workers should wear rnti- 

contact gloves. 
1. When cold surfaces below -7OC (19.4OF) are within reach, 

a warning should be given to each worker by the supervisor 
to prevent inadvertent contact by bare skin. 



hqw 

TABLE 3. Threshold Limit Values Workwarm-up  Schedule for Four-Hour Shift* 

'w Notes for fable 3.- 

1. Schedule applies to moderate to heavy work activity with warm-up breaks of ten (10) minutes in a warm location. For Light-- 
to-Moderate Work (limited physical movement): apply the schedule one step lower. For example, at -35OC (-30°F) with 
no noticeable wind (Step 4), a worker at a job with little physical movement should have a mximum work period of 40 
minutes with 4 breaks in a 4-hour period (Step 5). - 

2. The following is suggested as a guide for estimating wind velocity if accurate informatior) is not available: 
5 mph: light flag moves; 10 mph: light flag fully extended; 15 mph: raises newspaper shee~; 21) mph: blowing and 
drifting snow. 

3. If only the wind chill cooling rate is available, a rough rule of thumb for applying it rather than the temperature and wind 
velocity factors given above would be: 1) special warm-up breaks should be initiated at a wind chill cooling rate of about 
1750 Wlm?; 2) all non-emergency work should have ceased at or before a wind chill of 2250 Wlm?. In general the warm- 
up schedule provided above slightly under-compensates for the wind at the warmer temperatures, assuming acclimatization 
and clothing appropriate for winter work. On the other hand, the chan slightly over-compensates for the actual temperatures 
in the colder ranges, since windy conditions rarely prevail at extremely low temperatures. 

Air Temperature-Sunny Sky 

4. TLVs apply only for wo~kers in dry clothing. 

IS rnph Wind 

O C  (appmx.) 

-26' to -28' 

- - -- 

Adapted from Occupational Health & Safety Divisirm. Sashtchewan Department of Labour. 

Max. 
Work 
Period 

55 min 

O F  (apprax.) 

-15' to -19' 

-29' to -31 ' 
-32' to -34' 

-35' to -37O 

-38' to -39' 

-40' to 4 2 '  

4 3  ' & below 

No Noticeable W i d  20 rnph Wind 

No. of 
Breaks 

3 

-20' to -24' 

-25 ' to -29' 

-30' to -34' 

-35 O to -39 O 

-40' to -44' 

4 5 '  & below 

Max. 
Work 
Period 

Max. 
Work 
Period 

40 min 

5 rnph Wind 

No. of 
Breaks 

No. of 
Breaks 

4 

(Norm. Breaks) 1 

Max, 
Work 
Period 

(Norm. Breaks) 1 

10 rnph Wind 

75 min 

55 min 

40 min 

30 min 

No. of 
Breaks 

Max. 
Work 
Period 

75 min 

75min 

55min 

40 nlin 

2 

3 

4 

5 

(Norm. Breaks) 1 

No. of 
Breaks 

2 

2 

3 

4 

Noncmergency 
work should cease 

3Omin 1 5 

Non+rnergcncy 
work shwld cease 

I 
55min 

30min 

40min 3 4 

40 min 

30 min 

5 N~~~~~~~~~~ work should cease 

1 
4 1 30 min I 5 

Noncmergency work should cease 

5 

work should case 

& 

Non-emcrgency 

1 



2. If  the air temperature is -17.5OC (O°F) or less, the hands 
should be protected by mittens. Machine controls and tools 
for use in cold conditions should be designed so that they can 
be handled without removing the mittens. 

Provisions for additional total body protection are required 
Hwork is performed in an environment at or below 4OC (39.2OF). 
The workers should wear cold protective clothing appropriate for 
the level of cold and physical activity: 
1. If the air velocity at the job site is increased by wind, draft, 

or artificial ventilating equipment, the coding effect of the wind 
should be reduced by shielding the work area or by wearing 
an easily removable windbreak garment. 

2. If only light work is involved and if the clothing on the worker 
may become wet on the job site, the outer layer of the cloth- 
ing in use may be of a type impermeable to water. With more 
severe work under such conditions, the outer layer should be 
water repellent, and the outerwear should be changed as it 
becomes wened. The outer garments should include provi- 
sions for easy ventilation in order to prevent wetting of inner 
layers by sweat. If work is done at normal temperatures or 
in a hot environment before entering the cold area, the em- 
ployee should make sure that clothing is not wet as a conse- 
quence of sweating. If clothing is wet, the employee should 
change into dry clothes before entering the cold area. The 
workers should change socks and any removable felt insoles 
at regular daily intervals or use vapor barrier boots. The o p  
timal frequency of change should be determined empirically 
and will vary individually and according to the type of shoe 
worn and how much the individual's feet sweat. 

3. If exposed areas of the body cannot be protected sufficiently 
to prevent sensation of excessive cold or frostbite, protective 
items should be supplied in auxiliary heated versions. 

4. If the available clothing does not give adequate protection to 
prevent hypothermia or frostbite, work should be modified or 
suspended until adequate clothing is made available or until 
weather conditions improve. 

5. Workers handling evaporative liquid (gasoline, alcohol or 
cleaning fluids) at air temperatures below 4OC (39.2OF) should 
take special precautions to avoid soaking of clothing or gloves 
with the liquids because of the added danger of cold injury 
due to evaporative cooling. Special note should be taken of 
the particularly acute effects of splashes of "cryogenic fluids" 
or those liquids with a boiling point that is just above ambient 
temperature. 

Work- Warming Regimen 
If work is performed continuously in the cold at an equiva- 

lent chill temperature (ECT) or below -7OC (19.4OF), heated warm 
ing shelters (tents, cabins, rest rooms, etc.) should be made 
mailable nearby. The workers should be encouraged to use these 

shelters at regular intervals, the frequency depending on the 
severity of the environmental exposure. The onset of heavy shiver- 
ing, frostnip, the feeling of excessive fatigue, drowsiness, irrita- 
bility, or euphoria are indications for immediate return to the 
shelter. When entering the heated shelter, the outer layer of cloth- 
ing should be removed and the remainder of the clothing loosened 
to permit sweat evaporation or a change of dry work clothing 
provided. A change of dry work clothing should be provided as 
necessary to prevent workers from returning to work with wet 
clothing. Dehydration, or the loss of body fluids, occurs insidiously 
in the cold environment and may increase the susceptibility of 
the worker to cold injury due to a significant change in blood flow 
to the extremities. Warm sweet drinks and soups should be provid- 
ed at the work site to provide caloric intake and fluid volume. The 
intake of coffee should be limited because of the diuretic and cir- 
culatory effects. 

For work practices at or below -12OC (10.4OF) ECT, the fol- 
lowing should apply: 

1. The worker should be under constant protective observation 
(buddy system or supervision). 

2. The work rate should not be so high as to cause heavy sweat- 
ing that will result in wet clothing; if heavy work must be done, 
rest periods must be taken in heated shelters and opportunity 
for changing into dry clothing should be provided. 

3. New employees should not be required to work fulltime in the 
cold during the first days of employment until they become 
accustomed to the working conditions and required protec- 
tive clothing. 

4. The weight and bulkiness of clothing should be included in 
estimating the required work performance and weights to be - 
lifted by the worker. 1 

5. The work should be arranged in such a way that sitting still 
or standing still for long periods is minimized. Unprotected 
metal chair seats should not be used. The worker should be 
protected from dratts to the greatest extent possible. 

6. The workers should be instructed in safety and health pro- 
cedures. The training program should include as a minimum 
instruction in: 

a. Proper rewarming procedures and appropriate first aid 
treatment. 

b. Proper clothing practices. 
c. Proper eating and drinking habits. 
d. Recognition of impending frostbite. 
e. Recognition of signs and symptoms of impending hypo- 

thermia or excessive cooling of the body even when shiver- 
ing does not occur. 

1. Safe work practices. 



Special Workplace Recommendations 

Special design requirements for refrigerator rooms include 
the following: 

1. In refrigerator rooms, the air velocity should be minimized as 
much as possible and should not excwd 1 meterlsec (200 
fpm) at the job site. Tnis can be achieved by properly designed 
air distribution systems. 

2. Special wind protective clothing should be provided based 
upon existing air velocities to which workers are exposed. 

Special caution should be exercised when working with tox- 
ic substances and when workers are exposed to vibration. Cold 
exposure may require reduced exposure limits. 

Eye protection for workers employed out-of-doors in a snow 
andlor ice-covered terrain should be supplied. Special safety 
goggles to protect against ultraviolet light and glare (which can 
produce temporary conjunctivitis andlor temporary loss of vision) 
and blowir~g ice crystals should be required when there is an ex- 
panse of snow coverage causing a potential eye exposure hazard.' 

Workplace monitoring is required as follows: 

1. Suitable the:mometry should be arranged at any workplace 
where the environmental tamperature is below 16OC (60.E°F) 
so that overall compliarlce with the requirements of the TLV 
can be maintained. 

2. Whenever the air temperature at a workplace falls below -1 OC 4w (30.Z°F), the dry bulb temperature should be measured and 
recorded at least every 4 hours. 

3. In indoor workplaces, the wirid speed should also be recorded 
at least every 4 hours whenever the rate of air movement 
exceeds 2 meters per second (5 mph). 

4. In outdoor work situations, the wind speed should be meas- 
ured and recorded together with the air temperature whenever 
the air tsmpe:ature is below -1 OC (30.2OF). 

5. The equivalent chill temperature should be obtained from 
Table 2 in all cases where air movement measurements are 
required; it should be recorded with the other data whenever 
the equivalent chill tempereture is below -7% (19.4OF). 

kers who are routinely exposed to temperatures below -24OC 
(1 1.2OF) with wind speeds less than five miles per hour, or air 
temperatures below -lS°C (O°F) with wind speeds above five 
miles per hour, should be medically certified as suitable for such 
exposures. 

Trauma sustained in freezing or subzero conditions lequires 
special attention because an injured worker is predisposed to cold 
injury. Speciel provisions should be made to prevent hypother- 
mia and freezing of damaged tissues In addition !o providing for 
first aid treatment. 

Employees should be excluded from work in cold at -1 OC 
(30.2OF) or below if they are suffering from diseases or taking 
medication which interferes with normal body temperature regu- 
lation or reduces tolerance to work in cold environments. Wor- 
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PERSONAL EXPOSURE SAMPLING METHODS 

1.0 APPLICABILITY 

This document applies to monitoring programs employing low volume air sampling 
devices including those manufactured by Gilian and SKC and the Dawson air sampling 
pump. Procedures are provided for routine operations, calibration and maintenance of 
these systems. 

20 FEFERENCES AND SUPPORTING DO(TUMEN?S 

a Operating Manual for the HFS 513 Air Sampling System - Gilian 
a Operating Manual for SKC Sample Pump Model 224-PCXR3 
a Operating Manual for Dawson Sampling Pump 

3.0 EQUIPMENT REQUIRED 

System Com~onents 

Gilian Sampling Pump, Model # HFS 513A 
SKC Sampling Pump, Model # 224-PCXR3 

a Dawson Air Sampling Pump (AC power) 
Rotameter Calibrator Cases Model MCP-KG300 
Rotameters include 10-70 ml, 20-200 ml, 50-800 ml, and 500-5000 ml 
ranges 
Gilian Battery Chargers 

a SKC 224 Battery Chargers 
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3.2 Accessorv Items 

Multiple flow controller manifolds with 1,2,3,4&5 sampling points 
"Small" sorbent tube holders (THH-S-225) 
"Large" sorbent tube holders (THHL247) 
"Large" sorbent tube holder modifiers (ie, # 800138) 
Connectors for joining tube holders in series end nozzles 
Screw driver (phillips and slots) for flow adjustment 
Sampling Tripods 
Glass impingers - liquid media sampling 
Cartridge adapters 

4.0 FORMS REQUIRED 

Form AQ-500.1: Personal Air Sample Data Sheet 
Form AQ-500.2: Low Volume Ambient Sample Data Sheet 

5.0 DISPOSITION OF -ATION 

All calibration documents called for in this SOP will be distributed as follows: 

One copy remains with the instrument and is placed in the instrument's 
Calibration and Maintenance File at the field site 

One copy is submitted to the Program Manager at the Wayne, NJ office 

One copy is submitted to the Data Processing and Validation Department 
at the Wayne, NJ office 
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6.0 PERSONAL SAMPLING OPERATION 

The low volume pumps are designed to sample a broad category of contaminants at a 
range of flow rates utilizing a variety of sorbent and collection media. The setup and 
monitoring procedures for personal sampling are provided in the following sections. 

6.1 Chartzing the Sam~line P u m ~ s  

Before use, it is necessary to properly charge the Gilian and SKC pump's internal 
battery. Pumps require 16 hours to recharge from a completely discharged state. It is 

not advisable to charge the pumps at the high (standard) rate for more than 24 hours. 
If the batteries are to charge for more than 24 hours, the charger should be switched to 
low (trickle) rate. When charging pumps, check the charger to make sure it is the 
correct charger for the pumps to be charged. This is VERY IMPORTANT before 
departing for the field or sending pumps to other offices. When preparing a pump for 
sampling check battery charge by pressing the "bat c k  switch. 

After the pumps are charged, test each pump for correct operation using the following 
procedures: 

1) Remove the pump from the charger and using the slot screwdriver 
supplied with the unit, turn the pump on by flipping the switch located 

near the bottom right of the pump's face. The pump should begin running 
immediately. If it does not, repeat the step. 

If the pump will not run, it may require further charging. If a red light 
appears at the center of the face of the pump, then a problem exists with 
the flow stream within the pump. Do not use this pump. Turn it off, and 
call the Wayne office. 
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2) The flow controller adjustment screw is located just to the right of the 
on/off switch. Use the screwdriver to adjust the flow up and down several 
times. You should hear the pump volume and speed change with the 
movement, and see the flowmeter located on the right of the pump react. 

If the pump will not react to flow adjustment, do not use this pump. Turn 
it off and contact the Wayne office. 

3) Return the pump flowrate to approximately 2 to 3 Ijters/rnin using the 
unit's flowmeter. Using the screwdriver press lightly the smaU blue button 
located at the bottom of the unit's face, between the onloff switch and the 
adjustment screw. As you hold this button down the LCD clock face 
located in the center of the pump will light up. The amount of time (in 
minutes) that has passed since you first turned the pump on will appear, 

along with a blinking dot representing seconds. 

If the clock does not appear, do not use the pump. 

4) If the pump passes all the above tests, it is ready for use. 

6.2 Adiustine the Flowrate 

After testing the pumps, begin to set them up for sampling. The first step is to perform 
a rough flow rate adjustment using the following procedures. Note: Personal sampling 
for Health and Safety requires higher accuracy, hence a gilibrator or a bubblemeter 
should be used in place of a rotameter to adjust the flowrate. 

1) Place the calibration case onto a flat and level surface. Open the case and 
pull the top fully into its upright position. To adjust the pump to the 
proper flowrate for arsenic sampling use the rotameter marked High Flow, 

FM 1. The second rotameter and the vacuum gauge will not be require 
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for this application. The rotameter should be calibrated against an NBS 
traceable device (bubblemeter), at 5-points within the last 3 months. 

2) Various lengths of tygon tubing have been supplied with the unit, remove 
the one that is 2 feet long, and has no nozzles or clips attached to it. 
Attach one end of this tube to the inlet nozzle on the pump (the pump 
should not be running at this time). The inlet is the clear plastic 

attachment located on the right side of the pump. Attach the other end 
onto the calibration case nozzle marked B1, Pump Suction. 

3) Place the pump down next to the case and turn it on using the screwdriver. 
Make sure the pump outlet (at the top of the pump) and the calibration 
case nozzle marked B2 are not covered or blocked .in any way. 

4) The high flow rotameter should immediately react to the suction being 
applied. Give the pump several seconds to produce a steady flowrate, 
then using the screwdriver, adjust the flowrate to 2-3 liters/minute on the 
rotameter. Hold the pump still on the level surface during adjustment. 
Do not pick it up and hold it in the air! 

I'he rotameter should not be fluctuating more than plus or minus 0.1 after 
the adjustment. If the rotameter is showing a wide fluctuation in readings, 
then check the tygon tube connections. If the con~lections are tight, be 
sure the case B2 nozzle and the pump's outlet are clear. If the rotameter 
continued to fluctuate, do not use the pump. 

5 )  After adjustment, turn the pump off and remove it from the calibration 
case. Repeat the steps for the other pumps. 

Remedial Investigation Work Plan - SSHP 

Stratford Army Engine Plant 
Stratford, Connecticut 

cmm\86c2317b\d001 r500.wSl 



6.3 Preuaration for Sampling 

The next procedure is to install the sample filter and make the final adjustments for 
sampling using the following procedures. Note: Personal sampling for Health and 
Safety requires higher accuracy, hence a gilibrator or bubblemeter should be used in 
place of a rotameter to make the final adjustments to flow rates. 

1) First complete the Personal Sample Data Sheet (Form AQJOO.1) with the 
following information. 

1. Date 
2. Name of the person to be sampled. 
3. Name of the person's company. 
4. The person's job description. 
5. The filter number. 

2) Remove one of the preassembled sample filter cassettes and place a label 

on it containing the same information. 

3) Remove one of the supplied tubes (tygon or teflon) which have a nozzle 

and metal clip attached. Connect this tube to the pump. Remove the 

short tygon tube that has only a nozzle, and attach it to the calibration 
case B 1 nozzle. 

4) Remove the two protective plugs from the filter cassette. Do not throw 
these away or lose them. They will be needed again. Connect the end of 
the cassette nearest to the sample filter to the tubing from the pump by 
pushing it onto the nozzle with a slight twisting action. Do not force it on 
too tightly. Use wide masking or cellophane tape to secure the cassette 

onto the tube. 
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5) Next place the pump next to the calibration case and connect the other 

end of the filter cassette to the tubing from the case's nozzle B 1. 

6) You are now ready to make the h a 1  adjustment to the pump flow rate. 
As before, turn the pump on as it sits on a level surface. While reading 
the rotameter adjust the flow rate until you achieve 2.0 liters/minute. If 
a steady flow rate cannot be achieved, check all connections for tightness. 

7) Once you have the proper flow, turn the pump off, wait a moment and 
then turn it back on. You should again have a reading of 2.0 on the 
rotameter. If it is off by 0.2 literslminute or more, readjust the flowrate, 
and repeat this step. Record your initial flowrate on Form AQ-500.1. 

8) It is the preferred method to leave the pump running, disconnect it from 
the calibration case, and immediately place it on the person to be 
sampled. If this is not possible, then turn the pump off, disconnect it from 
the case, and seal the end of the filter cassette with one of the plugs. 

9) Once you are ready to sample, attach the pump to the person's belt or 
place in a pocket if they are wearing overalls. Make sure that the outlet 
is not blocked, or covered by his clothing. Bring the filter cassette over 

the person's shoulder and clip it as near the person's face as is convenient. 
Have the open end of the cassette facing downwards, to limit the amount 

of dirt falling in, rather than being drawn in with air. Remove the plug 
from the cassette, and turn the pump on. Record the start time of the 

sampling in Form AQ-500.1 

6.4 S a m ~ l e  Collection 

During the monitoring, check the pump as often as possible for correct operation. 
Check the following items: 
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1. Is the filter cassette secured? 

2. Is the pump running? 
3. Is the red light showing on the pump face? 
4. Does the running time show when the button is pressed? 

Also check the condition of the cassette itself, how much dust has entered, have mud or 
chemicals been splashed on it, etc. 

If the pump has stopped during the run and the red light is showing then the outlet or 
inlet has been blocked. Change the pump's position to prevent this, record the elapsed 
time, turn the pump off to reset, and begin sampling again. 

Once sampling has begun it should never be stopped, even if the person is to leave the 
site temporarily. Average running times should be between 6 and 8 hours. A second 

sample filter should be used to replace the first filter after 2 or 3 hours if very heavy 
dust conditions exist and the pump flow rate is difficult to maintain. 

6.5 Sample Removal 

When monitoring is complete, the wearing the unit should return to the area with 
the calibration case. Without turning off the pump, remove the unit and cassette from 
the person. Immediately connect the filter cassette to the rotameter. Record the final 
flow rate and the time on the sample data sheet. a: Personal sampling for Health 

and Safety requires higher accuracy, hence a gilibrator or bubblemeter should be used 

in place of a rotameter to check the final flow rates. 

Turn the pump off, and remove the cassette £rom the calibration case. Remove the 
cassette from the pump tubing, and immediately seal the open ends of the cassette with 
the plugs. Use tape to secure the plugs, and place the cassette into a clean zip lock bag 
for storage. Record any problems or unusual events that occurred during sampling in 
the Remarks section of Form AQ-500.1. Record the average temperature and 
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'W barometric pressure during the run. This can be taken from the closest meteorological 
or NWS station. 

Clean off any dirt from the pump and tubing, and connect it to the charger for reuse, 
later. 
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FORM AQ-500.2 
LOVOLUME AMBIENT SAMPLE DATA SHEET 

DATE 
WOODWARD - CLYDE CONSULTANTS 

OPERATOR'S WAYNE, NEW JERSEY 'w NAME Page 1 of 2 

GlLlAN 1 DAWSON MULTI SAMPLE DATA SHEET 

PROJECT NAME ; 

PROJECT NO. 

SAMPLER LOCATION ID 

ROTOMETERS SERIAL NOS. 1 CALIBRATION DATE 

SAMPLER WCC SERIAL NO. 

SAMPLE IDENTIFICATION NUMBERS 

VO - CHARCOAL 

AMMONIA - SILICA GEL 

HCN - IMPINGERiFILTER 

HS - IMPINGER 

WEATHER CONDITIONS DURING RUN 

TEMPERATURE RANGE 

WINDS 

VlSlBlUTY 

SKY CONDITION 

PRECIP. 

SOIL CONDITION 

MlSC 

SAMPLER LOCATION AND ACTIVITY DESCRIPTION 



FORM AQ-500.2 
LOVOLUME AMBIENT SAMPLE DATA SHEET 

WOODWARD - CLYDE CONSULTANTS 
WAYNE, NEW JERSEY 
Page 2 of 2 

FLOWRAT E AND ENVIRONMENTAL DATA 

SAMPLING START TIME 

TlME 

AVER 

FLOW 

SAMPLING STOP TlME 

FLOWRATES FOR SAMPLE NO. 
1 2 3 

AIR TEMP 

TOTAL RUN TIME AVERAGE TEMPERATURE 

OPERATIONAL CHECKLIST 
YES NO 

1. WERE SAMPLES AND GlLlAN 
CORRECTLY IMPLACED? 

2. WERE FLOWRATES WIT HlN 10% OF 
ESTABLISHED RATE ? (200 ML / MIN) 

3. ALL CONNECTIONS SECURED 3 
4. GlLlANS OPERATED CORRECTLY? 
5. ROTOMETER OPERATED 

CORRECTLY? 
6. SAMPLES INTACT AND NON - 

CONTAMINATED? 

( IF ANY ANSWER IS 'NO',OR ANY VARIATION IN NORMAL OPERATION IS 
FOUND, DESCRIBE IT IN THE REMARKS SECTION ) 

REMARKS; 

SAMPLES WAS COLLECTED IN ACCORDANCE WITH QUALITY ASSURANCE 
GUIDELINES ? YES NO 

SIGNATURE 
REVIEWI? BY: 
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W U :  various organic-wlthle ampounds 
COAL TAR PITCH VOLATILES 

(1 $2.31 MTKJO: 5023 
R.W.: various 

05M: 0.2 mg/m8 (knzwm-sallJbln) PIIOQUITIES: liquid; d -1.06 QIlnl 0 38 .C; 
YIOSH: 0.1 nq/m8/10 Ar 60 to E S  dlstills Q 9 s  .C [S]; 

( cyc lohexm-~lub l~)  [2,3] creosote dfstills Q 210 to 395 .C [ t ]  
=In: 0.2 mg/m8 ( knzew soluble) (4) 

SrrrOmr5: knzm-rolubles, cycldwun-sal&les, coal t r r  pitch volr t i ln  (W rB00145-21, 
c-te frm corl trr. 

SACQLIWC -1 
8 

SWPLER: FILTER ! TEO(Y1QLIE: GRAVWTRIC 
(2-m, 37- PTFE nrrbr-1 I 

!ANALYE: orgmic-rol&lrr (!fUlu&s mthrrcene, 
FLW RATE: 1 to 4 L h i n  ! bmunthracm, k n ~ o ( a ) p y n n ,  

! urbrmle, c h y u n ,  p)munthref~e, 
VOL-C~IW: 1 # 0.2 ng/m8 I p y m w  ud 0th- (1,2,3,41) 
w: 2- L ! 

!UTWTIQI: b z c n ,  cycldwun w other 
SWLPWiT: r ru t i n  I rpgrapriata wlwrrt; 

! u l t r rmic  20 min 
W L E  STABILITY: unlrnern ! 

!WIWTIO1: Mtioful burnu of S W r d s  
FIELD B U M S :  1OI (22) of rrrplerr ! Class N wights 

! 
!RAI#: 0.1 to 2 mg per -1. 

rn ! 
!ESTLMTEO LOO: 0.05 rg pw rmple 161 

RAMX STUDIED: rut studied ! 
!flECISIOl (s,): 0.02 a t  1 . S  rp [GI; 

B U S :  u n k m  ! 0.23. for blanks (6) 
! 

OVERALL PRECISIOI mt &-mind ! 
! 

APPLIUBILITY: T h e  rorting rurg, i s  0.1 to 2 np/m8 for r 10- air  rrrgle. T h ,  m t M  i s  
usefu l  for air mitoring of coke wen niss ims ,  p r t m l w  cahtstion probcts such as diesel 
missimr, a d  petroles r r gh l t  f u m .  Tha mtrod my be appl ld  b bulk -188. T h e  nthod 
is non-specific md mrurrrr all substrmn i n  the -18 h ich  m wluble i n  the wlvwt  
v l u t c d  ~d thich an k wrkd fm prrtlculak m t t w  present orr the f i l ter .  

INTERFEREMXS: OunQn in taperatun or Midi ty  bring p n -  ud p o r t ~ l l u t i o n  wighing 
affect accuracy. Lor- my occur &e to volrttliution of mllutod wrrrrol &ring w after 
-ling. 

O T X R  RTKXK: This  mthod d i f i u  and carbines P W  217 [?I ud t h  criteria Qcunmt 

mrtW 12). 



a L  TAR P X T M  V O U T f l E S  E'TMO: sot3 

REWNTS : E Q ~ I ~ N T  : 
1. Solvent: b n z w , +  cycldwxaw or 1. Srrpler: PfFE I r l n a t d  d r m  f i l t e r ,  2-rn 

o t h r  solvent, mpt grab. pore size, 31- d imr te r  (Zeflaur, -ram Im., 
2. Oichmic  acid cleaning solution. Pleasanton, CA or eq~ivalent)  backed by a ~ J l e t  
3. k c t o n ,  reagent grr&. (37 ma 00, 32 rn 10) cut frm a a l l u l o w  rug9#t 

4. h x a n e .  pad i n  plast ic f i l t e r  h o l b r .  
2. ~MNI sap l ing  pcmp, 1 to 4 ~/mln, with 

.See SPECIAL P R E W T I O I S .  f lex ib le  connecting trrbing. 
3. Ultrasonic bath. 
4. Micrabrlmcr, m u l e  to 1 vg, with NOS Class M 

wights.  
5. Envirormrrtal ch. rkr  for  b a l m ,  e.g., 20 *C 

4 . 3  *C and 25% re lat ive hmid i ty .  
6. &i9hing c w ,  PTFE, 2 4 ,  w m x i w t e  t a n  m igh t  

60 ~ g ,  i n  r t a l  rack. 
I .  vacvrn m. 

MOTE: K w p  t h  i n b r l w  of th vaeuu am 
Q s t - f m  for w x i r u  m , s i t f v l t y ,  
rep-ibf 1 i ty, and accuracy. 

8. Fo rcm.  
9. Test t uks ,  PfFE-lind, ug, 13 A x 100 mm.* 

10. F i l te r ,  0 .5 -p  (Miller-SR, M i l l i p o r r  Corp., 
Wfo rd ,  M or w i v a l m t ) .  

11. P i p t s ,  1- and 5 4 . *  

.Rinsa u l t h  d i s t i l l e d  wtu, beeton, and h x r n ;  
fm* 

SPECIAL PREWTIOIS: b z m  and -1 ta r  p i tch vo la t i  la a n  suspect urci- [1,2,3,4]. 

W L I W E :  
1. CIlibrate ~ c h  -ling pnp with r rcpr runtat ive m l e r  i n  lim. 
2. s r g l e  rt an accurately ~KIH flw rate bet- 1 a d  4 l h i n  for r to ta l  -1e volum o f  

500 to 2400 1. Oo not e x c d  a f i l t e r  Imdirtg of u. 2 -  to ta l  part iculr te.  
3. Replace caps i n  cassette and ship to laboratory. 

W L E  PREPARATX01: 
4. Transfer f i l t e r  u m f u l l y  using fwceps to test t*. Md s.0 nl solvent v ia  p i p t .  

th t u b .  
MOTE 1: Cyc ldvxan i s  mannmdrd as solvent k u u r r  of tho uninogmic p o t m t i r l  of 

hzm f21. 
WOTE 2: This ext ract im i s  also w l i c r b l e  to bulk -1- (grwrd ud s i w d  to u. 

2% m). Extract 250 q bulk m p l e  wi th 5.0 nl solvent. 
S. Place tube upright i n  b i k e r  containing mate? to th - 1-1 8s tho l i w i d  i n  th t*. 

Place k r k e r  a d  tuk i n  u l t rasmic  bath. S m i u t e  for 20 .In. 
6. F i l t e r  solution thrwgh r O.S-- f i l t e r  i n to  r elwn, pmeighd wighinq erg. O i t u r d  

the f i l t e r .  
MOTE: An aliquot o f  the solution mry be taktn rt th is  st* if o t h r  a r l y s m  (e.9.. 

polynuclcrr ammatic hydrocrrbcms) a m  t o  be p e r f o m d  on t h  w l e .  @1y th 
appropriate rl iquot factor i n  calculr t ionr.  



F w :  R, LEAD 
I 

Ern: la82 
yyl u.w.: 201.19 (el; tn. 19 (-1 ISSUED: 2/ 15/84 

- 
snOlnrS: vrry m i n g  upm the c h m i u l  f o m  (elrrrntal  1md and 1wd -ndr except alkyl  

1 ~ 6 ) ;  tAf B1311-368 (PW); US 17439-92-1 (Pb). 

! 
W L E R :  FILER !TEWIQUE: A T W C  MXIRPT101, F L M  

(0.8-m ce l l u l ou  ester rrrrbrm) ! 
!LJIALYTE: load 

CLW RATE: 1 to 4 Vlain ! 
!MI*: caw. q, 6 rl; 140 *C 

Wt-aIW: KK) L 4 0.05 me/n' t 

MX: 1 m  L IF~ML rolvlxa: ia uq, l o  r 
! 

WIAOIT: mtin ! F W :  r i r l r c e t y l m ,  oaidizing 
! 

W L E  STMILITY: stable !WVEL€ffiW: 2S3.3 m 
! 

O M S :  2 to 10 f i e l d  blanks per sat !IUQC#UO eDFIFIEC1101: 02 or 9 lrrp 

I~W ! - - !CALIBFUTIOI: Pb* i n  101 b D q  
uu%3 ! 

!W: 10 to 200 yg per smple [3,8] 
RAKiL STlI)SED: 0.13 to 0.4 m0/m8 [21; t- 

o. 15 to 1.7 wma (fcmc) (31 !ESTIMTED LOO: 2.6 yg per -1e [9] 
! 

BIAS: not significant (21 !PRECISIOI (s,]: 0.03 [ZJ 
! 

OVERALL R E C I S I O W  (s,): 0.012 [21; ! 
0.- (firm) f31 I 

! 
h L l w 1 ~ 1 t r :  The m n i n p  ran@ i s  0.02) t o  0.5 wm8 for a U&L a i r  -1.. The n t h o d  
i s  rpglicrble to e l m t a l  lead, including Pb fcm, and a l l  other wro ro ls  corruining lead. 
fhis i s  r n  e l a m t r l  analysis, not carparnd v f f i c .  Al iquott  o f  the m p l e s  u n  be mnalyzad 
m r c t e l r  for a d d i t i w l  e lmmts .  
INTERfERErrqS: uw q or ~2 m t i o u u ~  k c k g m n d  c o r m t i o n  to control flm or  mlecu lar  
absorgtim. High corrccntrations o f  calcium, sulfate, u- tea pbsptute, iodidr, f l u o r i 6 ,  o r  
w a t e  can k c o r m t d .  
O M R  F€rHXK: This n t r o d  m i n e %  and replaces P m  It3 [a] and S341 [1,9] for lead. 
Method 1300 (ICPXS) i s  m r l t e m t e  an r l y t i c r l  m t h d . k t h o d  7505 i s  w i f i c  for lead 
sulfidt. The f o l l a i n g  b v e  not been n v i u d :  the d i t h i z o n  nethod, rh ich appears i n  PbCM 
102 (41 rnd thc lerd c r i te r ia  dPcurrnt [I); 191 (ASV) (51; and P b C M  214 (graphite 
funuu-MS) [6]. - 



-1s: 
1. Ni tr ic acid, conc. 
2. Ni tr ic acid, 101 (dv).  Md 

l O O n l c O n c . ~ t o X K ) n l  
rwter; di lute to 1 1. 

3. Hydqm p e m i 6 ,  3% I+& 
( d u ) ,  m p n t  grab. 

4. C l l ib rat im s t a k  solution, 
1- vg Pblrl. -la1 standard 
or disrolw 1 . a  g Pb mta1 i n  
mini- r o l l  of (1+1) K t  and 
d i  lu t r  to 1 1 w i t h  1s (v/v) tC1. 
Stor, in  a p o l p t h y l m  bottle. 
Strble 2 on ywr. 

5. A i r ,  csrpmwb, filtm. 
6. h t y l w .  
1. H s t l l l d  a Lirrimd urtu.  

EQJIRENT : 
1. f r rpler:  C . 1 1 ~ 1 ~  M ~ W  f i l t ~ ,  0.8-rn 

size, 37- d i t e r ;  i n  usse t te  f i l te r  )Dl*. 

2. hrrorul -ling pnp, 1 to 4 Vnin, with f lexible 
conwct lw trrbing. 

3. A t a i c  Clbtorptian Sg+ctmphomkr with m 
a i r a t y l o m  b u m r  W. 

4. L w d  b l lm uthod, 1- or e l u t r o b  dlschrgl less 
1 r p .  

5. keJ la ton ,  tm-strgl, fa a i r  a d  ~ . t y l e m .  
6. h k m ,  mil lip^, In rl, or o r i f f i n ,  SO rl with 

r t c h l n s  -.* 
I. U o l ~ t r i t  f l a s h ,  10. ud I-.* 
I. Astort& r o l u t r i c  p i p t s  n rrrbd.* 
9. mtglat r ,  surf# - r a w  14V C. 

10. bttlrr, p l y t h y l m e ,  M. 

rtlw a l l  g l a s m  with conc. n i t r i c  acid md 
r l rw t m l y  w i t h  d l s t i l l d  w L b i r l  
wtn  Wm uw. 

S C U L  REWl1&: Perform a l l  u l d  d i p t i a m  i n  r fw kd. 

-1s: 
1. Cllibrate wdr pml  .ling prp w i t h  r n g m m t r t f v e  r l r  i n  lin. 
2. S q l e  at an u ~ f a t r l y  ~ K Y L  f lw rrk btwm 1 and 4 L h i n  fa \O to 8 hrr far TW 

u r u r w n t s .  Do not uW a f i lkr  loading of u. 2 q to ta l  &st. 

U l R E  RFEPMATlOl: 
rOTE: T)r fo l lw inq  rrrple prsprratian gave ewn t i t r t i ve  ~ c # e f y  (w FVALLIATIOl O RIKID) 

[9]. S b p  4 thrargh 9 of e C t M  7- or o t h r  quantitative athlnq t4ctmigrr ruy k 
shstitutad, e w i a l l y  i f  several n t a l s  a m  to k b k r m l n d  an r single Hltw. 

3. th, u s w t t r  film b16m and transfer th -la Md blurh b c l n n  kt-.  
4. M 3 rl caw. Hlq, md 1 rl %% and cww with r rrtchglrss. S t r r t  v t  

blurb at th is s-. 
K)n: I f  Pbq i s  not present i n  th s a w l m ,  th K& nnd not b a&d f3,9]. 

S. tkat an b t p l r t r  (110 OC) un t i l  mt of  th acid h s  e v p o r r t d .  
6. Repsrt tro tim using 2 .L cmc. a d  1 rl H* wd ti-. 
I. b a t  an 140 .C b t g l a t r  un t i l  r r rh i k  ash rgpun. 
8. Ya -1e i s  e, rimr the utehglass ud malls of th m u  dtlr 3 to S .L 1QL 

Hq. A l l -  th solutioa to wrgo rak  to Q y m S .  
9. -1 M Wer and dissolve th midas I n  1 rl conc. w. 

10. trmfn th mlut ian ~ t i t r t i v e l y  to r 1 0 4  v o l ~ t r i c  f lask Md d l l u b  to r o l l  with - d i s t i l l  J utrr. 
Q X :  I f  Us amcentrattan (@ @f ~y of th f o l l a i n g  i s  -tad b aod VI 1- 

cmmt ra t i an  (9 by 10-fold or m, rdd 1 1 5 M e T A  to weh flash kfm 
dilutian to vol- Cq, m8, I-, F', w. If QI* a 
Sq am m t  fn 10-fold u c n s ,  rrlro a l l  s- ud r q l m  I% (mh) In  
lan [@I. 



VINYL CHLORIDE 

'w R.Y.: 62.50 

OSHA: 1pcm;CSppn M R T I E S :  V -14 *C; v w  &sity 2.2 (air  r 1) 
NIOSH: m i n i m  mrsurable 
ACGIH: S p p  ( h m n  carcinogen) [I] 

' (1 pp = 2.56 AO/ma @ NlP) 

SARLER: SOLID SCIRBWT f18E 
(2 t a m  tubes, each with 150 np 
a c t i v i t d  caonut chrcru l )  

FLW RATE: 0.05 L/min 

WIRECIT: separate prirmry in4 b c k w  t&es 
a d  up each 

Y R l E  STABIL ITY:  10 6 y s  0 25 *C 

uw 
B U M S :  2 to 10 f i e l d  blanks p r  set 

! 
! TEWIQUE:  as OIROIAlwww, FIR 
! 
! W Y T E :  vinyl c h l w i b  
! 
!#SQ1PTIOl: 1 rrL u- d i w l f i b ;  JO rain 
! 
!IKKCTIOl ALIWT: 5 yL 
I 

!CDLVIV: stainless s tml ,  6.1 m r 3.2 an, 10% 
! SE-30 on w 1 w  me* OImmPsorb Y 
! - (wlorrcs) 
! . . 

!eAFIRIER GFJ: lb, 40 l V l i n  
! 
!fEIISRAtUCE-IWCTaR: M *C 
! -CIETECTOR: M .C 
! a r m :  60 .c 

halmm t 

!CALIfWTIOI: solutions o f  vinyl c h l w i b  i n  CS2 
WGE STWIED: 1 to 64 [2] ! 

!RAn(Z: 0.002 to 0.2 .O per m l e  [21 
OW: 4% of ulculrted cocrerrrtrition f21 ! 

!ESTIMED L a :  0.- rg p~ (21 
QVfRALL P R E C I S I r n  (I,): 0.06 [21 t 

!PRECISIOI (s,): not 6-inb 
! 

WLIWILITY: Ttm vorkinq r a w  i s  0.4 to 40 mg/lr8 (0.16 to 16 ~ p )  fa r U air rmple. 
The mthod i s  r9p l iub le  to I k i n  unples i t  e w e n t r i t i o m  ot 1 pp ar h ighr .  

INfERfERE;)(QS: O t h r  thn tM pots fb i l i t y  of lo ts  of w l e  upm storigr of tw uwks or m 
i t  ms~ tmperrturr, non h v e  krsl noted. 

OTHER AT=: This i s  r rrvision of P U  178 [3]. . . . . 



VINYL CHLORIDE 

REAGENTS : 
1. Carbon disulfide,* chrartogrrphic 

qua1 i ty. 
2. Vinyl chloride,*, 99.9%, i n  

lecture bott le f i t t ed  ui th valve 
and septun. 

3. Calibration stock solution, 
0.26 mg/w&. 
a. Insert tRe t i p  o f  r gas syringe 

containing 1 mL vinyl c h l o r i b  
gas unb r  thc surface of  5 nl 
CS2 i n  a 1 0 4  v o l w t r i c  
flask. 

b. apcrr the valve of the syringe 
and withdraw ttte plunger to pu l l  
CS2 into the barrel. (As 
vinyl c h l o r i b  dissolves, r 
vacuur w i l l  be created, pul l ing 
CS2 into the syringe.) 

c. Push tRe solution fm thc 
syringe into the flask. Rinse 
tRe syringe twice with 1 4  
portions of CS2 ahd add the 
vrshings to thc flask. 

d. Dilute to  tRe mark w i  th CS2. 
4. Hclim, pur i f icd.  
5. Hydrogen, purif ied. 
6. A i r ,  f i l tered. 

%n Special Prurutions. 

EQUIPIFNT: 
1. 1 :  tw tanden glass tubes, 7 cm long, 

6 mn 00, 4 mn ID ,  f lm-sea led  ends, each 
containing 1SO q of  20/U msh rc t i va t td  (600 *C) 
coconut sRell charcoal. A s i l y l r t t d  glass -1 
plug p-s thc chrrcorl beds and r 3- unthrne 
fom plug f o l l w  tRe chrrcorl beds. Plastic caps 
rn inc lubd  for u r l i n g  af ter  use. Pressure d w  . 
r c m s  each tube rt 1 L/min air f lo l r  mist be less 
than 3.4 kPr. 
NOTE: A pa i r  o f  two-section (100 mg/SO mg) 

tubes may be u u d .  
2. Pertorwl r n p l i n g  purp, 0.05 Lh in ,  u i t h  f lex ib le  

connecting ttbing. 
3. Gas chmtograph, f lrn i o n i z r t i m  &tutor, 

integrator a d  c o l u n  @rge 1007-1). 
4. Fi le.  
5. Bent r im  for -in9 plugs fmn sap l ing  tube. 
6. Vials, 2 4 ,  glrss with PTFE-lind septa a d  

crinpsrr seals. 
7. V o l w t r i c  flasks, 1 0 4 ,  with polyethylem 

stopg+rt. 
8. Pipettes, &l ivery,  1 . 0 4 ,  gra-ted i n  0 . 1 4  

i nc rmn ts ,  2- and S-ak, with p ip r t  bulb. 
9. A i r  -l ing bags, fedla?, 10-L. 

10. Gas sy r inp ,  with gas-tight valve, 0.1- and 1 4 .  
11. Syrinw, 10-yL, u i t h  0.1-yL g r a U t i m s .  

SPECIAL P R E U U T I M S :  Carbon d i s u l f i b  i s  toxic rnd an acute f im and explositm hazard (flash 
point r -30 OC); w r k  with i t  only i n  a hod. 

Vinyl c h l o r i b  i s  r hcmrn carcinogen [I]. 

SARLING: 
1. Cll ibrate each prronrl smpling pvrp with r representative urplw f n  l ine. 
2. Bnak t h  ends o f  tho t & s  i w i r t e l y  k f o m  -ling. Attach tm t-, u f t h  ends 

touching, with r short p i m  o f  tubing. Label on trk as tho back tub a d  i n u r t  the 
back tube in to  tRe f lexible tubing r t t a c h d  to  th prrorwl sup l i ng  prig. 

3. Smple at  0.05 L/min for 15 & 100 nin. Oo not m p l e  uorr t h n  5 1 of air. 
4. Separate tRe primary and backup t u k s  and erg wch tub for s h i r t .  

W L E  PREPMTIOI: 
5. Abd 1.0ml CS2 to  m m p t y v i r l .  L c a e l y u g  tho vial .  
6 Score wch r a p l e r  tck with r f i l e  i n  fmt of tho glrss raol p l q .  8 m k  tho tuk a t  the 

scon line. 



OM: 1 qh' (42s C1); PU€RTIES: 4ZS C1: V 32S to W 'C; D -19 .C; 
0.5 (sa CI) d 1.u n *c; 

rrosn: 0 . w  qhr [1,2] v? 0.01 Pa (8 r 1*s r ng; 
mrn: 1 qrrr (UI ~ 1 ) ;  STEL 2 rOhr 1-1 0 20 @C f31 

0.5 qM (s4z C1); STEL 1 qhr Wx c1: u 365 to m .c; rr 10 *c; 
(skin) d 1.u O/Y e n *c; 

W 0.0004 Pa (3 r 1b' a ng; 
0.05 -1 0 20 % [3,41 

WLR: FILTER + WKIO 
(1- glass fikr + f l o r i s i l ,  
100 gno 

F~CY un: 0.0s to 0.2 L M n  or jess 

YDL411: 1 L 0 0.5 qrCI 
-MX:50L 

3nIrrOCI: trmfu fil- tD 
glass vials a f t u  -ling 

SWU STMILITT: untnm fw fllt8n; 
2 a* for F lo r i s i l  
t- (51 

D m :  1QI of rrpln 
I 

ynrvr !CALIBMTIOl: sfurbrd R 8  d x t m  tr hano 
1 

MtrQ STUDIED: not s tud id  !MwP: 0.4 b 4 pg pr -I@ [a] 
1 

#I#: rww i & n t i f f d  !€STIWTED LOD: 0.0) yg pr -10 [a] 
1 . . 

.WEMLL ~CISIQI  (s,): not walwkb !mtrs~a (+I: 0.w [s] 
! 

~ I W I L I ~ :  rn e i n g  rMgr Is  0.01 to 10 rOhr for r Ul a i r  s m 1 e  [Sl. YItb 
.bd!fiut!ons. s u d t c r  ripe s r p l r s  a u  k 4 ~ 1 ~ 2 d  C7,#1. 
I ~ E R ~ ~ W S :  a1orlmtod pst /c i&s ,  such as 001 and #IC, my i n te r fen  ufth quantitrtion of 
K8. Sulfur-emtrln!~ ca~ounds fn wtmlrrr products also intorfor, Dl. 
OTHER CEm: n/s r t W  n v f s r s  kthods S120 (101, 5503 (dated U I Y W ) ,  and P U M  244 (5). 
h t t d s  S121 f111 and PLClCl 253 [I21 for  R 3  have not k n  n v i s d .  



#CISEwn: 
1. Heram, posticI& quality. 
2. f l o r i s i l ,  W U  n s h  sfevod f ra  

W60 r s h .  After sieving, dry 
at  105 *C for  4S .in. RIx tfm 
cmld F l w i s l l  u i t h  3% (u/u) 
d ls t i l lod wtu. 

3. W i t m ~ ~ ,  purified. 
4. St& standard solution uf th 

PC8 I n  n t h n o l  w i s o o c k n  
( c r c i a l l y  avail&ble).* 

Equ1mwr: 
1. -let: 1- glass fikr f f l t e r  r i t tmut  binders 

i n  a k i n n x  cassette (at. m. SX 0001#K), 
n i l l i p o m  Corp.) f o l l w d  by a glass t ub ,  7 ar 
long, 6 rr 00, 4 n 10 mntr in ing tra sections of  
#/U m h  doactivatsd f l o r i s l l .  f)w front r u t I a n  
i s  p m d d  by glass roo1 a d  contrins 100 rg a d  
tH brckup su t I on  eontrlns SO q; umthrm for 
kt- sut lons and khld th brckup s u t i m .  
Join the usse t te  Md F lo r i s i l  tuk with WC tubing, 
3/0° 1 x 9/32. 00 x 10, on th outlet  of th 
crssetta ud with rnothr pi- of M tubing, 
3/Ig L x V16. QI x 3/16' 10, c a g l e k  th union. 

2. hrrorvl s 4 1 i n g  prp, 0.05 to 0.2 -in, u i t h  
f le r ib le  corrmtlng Wing .  

3. T m n n .  
4. Vlals, glass, 4- a d  7 4 ,  with a l u r i n u  or 

PTFE- l id  uqr. 
5. 01s chrowtogrrph, electron up tu rn  detection 

(@rMi), integrator ud cot- (prgl -1). 
6. V o l t a t t i c  flasks, 1 0 4  md o t h r  tanvmimt sires 

for  prtprring s tudrrdr .  
7. syringa, l*uL. 

SPECIAL MICUKIOIS: Awld pmloqd  or w t o d  contact o f  skin with U md p m l m  or 
m t r d  b w t h I n g  of th v a m r  [1,2,13]. 

UCILIWt: 
1. Cl l ibrr te each pnwl s r p l i n q  with r mpmsmtat ive trplu i n  lin. 
2. B m k  tfm ends uf th F l w i s i l  t u b  i r r rd ta te ly  kfm sclpllnq. bnmt f l o r i s i l  tuk t o  
ktnnu ussette and a t t r c h  s-ler to p e m l  s ~ l i n q  p t q  w i t h  f l u i b l a  W ing .  

3. -1e at  m accurately k n m  f lw rat8 0 . a  a d  0.2 V t l n  for r total s-le size 
o f 1 t O W L .  
mn: A t  tau Ra ooncmtrrtlms, tho q l e r  uu found to k e f f i c i m t  3m oprratod a t  

fla rrtm ~rg to 1 Lh in ,  for 24 hours (81. Undw thu cordi t ims, th, lidt of 
btu t im w s  0.w y9(r. 

4. Transfer th glass fib film to 7-W vials. U p  th Plorls11 tubm dth p l r s t l c  (not 
m b k r )  ugl ard pack s w m l y  fo r  sh Imn t .  

W L E  PWARhTlOl: 
5. ? t a u  t h ~  glass -1 ad 1-1 t l w i s 1 1  b d  l n  tho - 7 4  via1 i n  did tbr f l lkr r r s  

s t o w .  Add S . O r l  hun. 
mn: FOV SUH- rip ~ I W ,  utrut ~ c h  gurm pd U ~ U  a .L [TI. 

6. I n  r 4 rl vial, p l#r thr f l w i s i l  b d  including th bo unthuv plugs. #d 2.0 rl 
'mum. . 

7. Allw to s t u d  20 r l n  u i t h  a u s i o r w l  ig f t r t i on .  



FQaCIU: Table 1 

H.U.: Table 1 ISSLED: 2/15/84 

OSM, NXOSH, ACGIH: Table 2 PROPERTIES: Table 1 

( S Y ~ Y C ~  cycl akxane 
i n  Table 1) cyc1ohex.n 

S A R L I f f i  EAsLRmNT 
! 

WLER: SOLID SmS€III nBE !TEWIQLIE: GAS 01(01ATOGRAPWT, FIO 
(coconut shell charcoal, ! 
100 nq/% mg) !WYTES: h y b r # r r h s  1 !st& dove  

! 
FLW RATE, VOLL)IE: Table 3 !#SU?PTIOI: 1 AL CS2; stand 30 r i n  

! 
S H I M N T :  no special p n u u t i o n s  !INJECTIOI VOLLeE: 5 VL 

I 

W L E  STABILITY: a t  IMS~ 2 ur+lrt !TERERATLCIE-IW3ECTIOI: 2SO @C 
I -#TECTaR: 2so .C 

BUNKS: 2 to 10 f i e ld  blanks per set ! CDLW: sm stap 11 
t 

BULK W L E :  bsi rable,  1 t o  10 ml; ship i n  ! W I E R  W: % w He, 2S U n i n  
u g r r r t e  containers fmn m p l e s  ! 

!ebLV)r: glass, 3.0 m x 2 m, 201 SP-2100 on 

4w ! 
W 1 W  msh Swlcapor t  

A C W  I 

!CALIBRATIOI: uu1yt .e~ i n  CS2 
CUllO STUDIED, ! 
BIAS md OVERALL PRECISIOl ( s ~ ) :  Table 3 !RAKE AND mCfSIOI (tr): Table 4 

! 
!ESTIMTED LOO: 0.001 t o  0.01 mg per m p l e  
! with u p i l l r r y  colum [I] 
! 

APPLIt48ILITr: This mthod i s  intended for detenining the OSHA-rvlated hydnu-s 
included within the boi l ing point range of n-ntrne through n-octane. It my be u u d  fo r  
s iml tanews m r r u r m n t s ;  hcwever, interactions k t m n  analytes my nduce breakthrough 
volrrnrs and c h n w  &sorption efficiencies. 
INTERFERENCES: At h i ~ h  hunidity, breakthrwgh volrrms my be reed by a t  nuch a t  %. O t k r  
vo la t i le  organic solvents, e.g., alcohols, ketones, ethers, and haloge&td h y d r o u m s ,  are 
l i ke ly  i n t o r f e r m u t .  I f  interference i s  Suspected, us4 r mn pot r r  colum o r  chrnp wlum 
t m r a t u r e .  
OTHER NTKXK: This mtkd i s  bared on and supercedes k thods P 6 C M  127, knx tne  a d  t o l u w  
(21; SZB, c y c l ~ x r n e  131; fa, cyclohxene t31; 99 ,  Mtm f31; $90, kxane (31; SM, 
mthylcyclohc=ane (31; S311, benten [I]; SU3, toluene (41; 5378, oc t rn  [i]; a d  5379, 
pcntane (4). f o r  knzene or tolucm i n  colplex mixture of r l k a n s  (SClO), k t h o d  1501 
J a m t i c  hydrourbons) i s  mrr u l u t i v e .  



W W T S :  
1. Eluent: Carbon disulfidt*, 

chmtoqraph ic  qua1 i t y  u i t h  
(aptionrl) suitable internal 
standard. 

Z.Analytes, reagent grade.* 
3. Nitrogen or k l i u n ,  pur i f ied.  
4 .  Hydrogen, prepurified. 
5. A i r ,  f i l t emd .  

rSee Special P r ruu t ims .  

E Q U I W T  : 
1. Snpler :  glass tube, 7 an long, 6 mn 00, 4 mn ID, 

flme-sealed ends, containing two sections o f  
activated (600 *C) coconut shel l  charcoal ( f ront  
= 100 mg, back 50 q) separated by r 2- urethane 
font plug. A s i l y la ted glass -1 plug precedes the 
fmt u c t i o n ,  and r 3 m  urethane fom plug follows 
the back section. Pressure d m  across the t u k  a t  
1 L/min a i r f l o u  m s t  k less than 3.4 kPa. Tubes 
a m  c a r r r c i a l l y  available. 

2. Penorv l  s a p l i n g  pnp, 0.01 to 0.2 Llmin, u i t h  
f l ex ib le  c o n m t i n g  tubing. 

3. a s  chmrutograph, FID, integrator a d  e o l m  
(pap 1-11. 

4. Vials, glass, 1 4 ,  w i th  PTFE-limd u p s .  
5. Pipet, 1 4 ,  wi th  p ipet  bulb. 
6. Syringes, 5-, lo-, 2s- and 100-yL. 
7. V o l t m t r i c  flasks, 1 0 4  

S E C U L  PCIEUUIIOIS: Clrtm d i s u l f i b  i s  tox ic ud e x t m l y  f l n m r b l e  ( f lash point  = -30 'C); 
benzm i s  a suspect orti-. Prepam ud stmbrrds i n  r -11-vent i la td h d .  

SARLIM;: 
1. Calibrate each prraul -l ing prrp w i t h  a r r p ~ t r t i v e  m l e r  i n  lin. 
2. Break the ends of  th w l e r  i n n d i r t e l y  kfm -ling. A t u c h  - let to prrrorvl 

s a p l i n g  pnp with f lex ib le  thing. 
3. Sarple at  an accurately k m  flcm ra te  ktwcn 0.01 ud 0.2 ~ / m i n  (0.01 to 0.05 Vmin fo r  

n+entano) for a to ta l  r r p l e  size as 3wm i n  T a l e  3. 
4. Cap the r r rp le rs  u i t h  p las t ic  (not Nbkr) ups md pack w n l y  f o r  s h i p m t .  

W L E  PREPWTIOI: 
5. Place the front ud back so&mt sactian o f  the m l e r  trk i n  H p r r a t e  v ia ls .  O i s u r d  

the glass -1 and fm plugs. 
6. Md 1.0 al elucnt to each via l .  A t t r c h  c r i r p  cg to each v i a l  immdiately. 
I. A l l -  to s t u d  a t  least 30 r i n  wi th a u s i a n l  r g i U t i a n .  

CALI BRA TI^ w WITr CCWTRIL: 
8. Cl l ibrate da i ly  u i t h  a t  least  f i ve  wr l r ing  sUn&rdr owr the rppmpr i r t e  r a w  (u. 0.01 

to  10 n q  analyte per -1e; sm T a l e  4). 
a. Md k m  m n t s  of inlyt, to e l u m t  i n  1 0 a  v o l m t r i c  f lasks ud di lut r !  to th, r r k .  
b. Analyze twthr with r r rp les  and blanks ( s t g t  11, 12 ud 13). 
c. P r c ~ a n  ul i b r r t i m  graph (peak a m  of uul* rr. uulyta). 

9. btermine dtrorpt ion e f f i c i m c y  (OE) a t  l w s t  ma for each b t c h  o f  ehrcorl uwd for 
-l ing i n  the u l i b r r t i m  rmg, (strp 8). Pmpm thm t- rt each of fiw levels 
plus t h m  d i a  b l m h .  
r. R w v e  ad d i s u r d  brd: sortmt Slctim of  r rd i r  El& rrplu. 
b. I n jec t  a k m  aunt of r n l y t e  d i m t l y  anta fmt m r b n t  section 4 t h  r m i c r o l i t e r  

s p i w .  



c. Cap the t*. Allw to stand overnight. 
d. Desor8 (steps 5 thrargh 7) m d  analyze W t h e r  ui t h  w r k i n g  s t rnbrds  (steps 11, 12 

m d  13). 
e. Prcprrc r graph of # vs. mg a ~ l y t e  r c c o v e d .  

10. Analyze t h r n  qual i ty control b l i nd  spikes and t h m  analyst spikes t o  insure that the 
cal ibrat ion graph m d  # graph are i n  control. Chcck fo r  possible c o n t m i n r t i m  &iring 
shiprrcnt of f i e l d  unples by -ring resul ts  fm f i e l d  blanks and media blanks. 

WLRESWl: 
11. Set gas chrcmrtogrrph according to nunuf rc tunr 's  ncamrndrt ions i n d  to conditions given 

on page 1500-1. Select rpgraprirte c o l m  t r r p r r r t u r r :  

Ao9roximrte Retentien Tim (min). at  I n d i u t d  C o l m  Trrpcrrture 
Substmcq 5 c s  100 *C Prwrmrrdr 

' Tapc r r tun  proqrm: 50 .C fo r  2 min, then 15 'Urnin to 150 'C, 2slin f i n a l  b l d .  
k t  m p l e t e l y  mo lved .  

KITE': A l t e r ~ t i v e l y ,  a l u m  and t m p e r a t u n  m y  be taken fraa Table 4. 

12. In jec t  smple al iquot rnrnurlly using solvent flush t c c h n i w  or u i t h  autorrrpler. 
MOTE: If peak area i s  above the l inear rmgr! of the uorking stmdrrdr ,  d i l u te  u i t h  eluent, 

m n r l y z e  and apply the appropriate d i l u t i o n  factor i n  u l c u l a t i m s .  
13. k a s u r r  peak area. 

CALaJUT 1M: 
14. Dttennine the mss, q (corrected for #I of & ~ l y t e  found i n  the w l e  fmt (Wf) m d  

brclr (4) s o ~ t  w c t ~ m s ,  a d  i n  the averago mdir blrnk frant Of1 and back (9) 
s o r k n t  sections. 
W E :  I f  % Wf/lO, mport bnrk thrargh and possible w l e  less. 

1s. C l l c u l r t r  a m m t r a t i q ,  C, of anal- i n  tho a i r  v o l w  sapid, v (L): 





CDPOUOS: k n y l  chloride c h l w o b m t h r n o  1, l d i c h l o ~ t h n  rlhylchlomform 
(synmm b r a d o m  chlorotorr 1,2=d!chlorotthylw tetrrchlomthylm 
in Tablo 1) u M  tetrrehlorida Hlchloroknzm etRylm dichlohde 1,1,2-trichlor#t~no 

ch 1 omknzm pdichloraknrwu Iwuchlormthuu 1.2 , I t r i c h l ~ n r  

! 
WLER: Sol10 SOmEW TlbE IRWt1W: W OIIOMTOGMRII, FID 

(coconut s h l l  chrrarl ,  100 q#M q l l  
!mum: rmruruk w e  

FLCU run: 0.01 to 0.2 Vmin 1 
!#=TI#: 1 .L Cf2, stand 30 .in 

YDLICIIW: Tdlo 2 t 

MX: T ~ I O  2 ! I K K C T I ~  VIDUR: s VL 
t 

SnI-: mut in  !TEW€MWS: Table 3 
! 

WPLE S T M I L I ~ :  not datamind !-IER W: % or L, a -in 
! 

f1EU B W :  101 of r r p l r r  !COUIII: Table 3; r l tmutes  rm  SP-ZlaO, 

W ! SP-~IQO with o.n c r r ~ w r  iurr 
I or -1 f u rd  s i l h  capil lr~y coltm 

KClRm I IULIBMTIOI: s ~ r d  c o l u t i a  awlyt. in - 
RLJCL sw1m:  m EYAlIMTIOl of RtKD 111 I 

!M#: Tale  3 
BIAS: not significant [I] ! 

!ESTfMTED LQ): 0.01 q par -10 (2) 
*. WRALL PR€CIS I# (s,): sa €VALUTIQI ff ! 

t11 !mCIs I a  (s,): sw r n U T I Q  OF mnm (11 
! 

APPLIWILI'TI: kr Tablo 2 for d i n g  r a w .  This r t h a d  can k u s d  for s imltumus 
btmrmlnation of  tm or mn subttrnur suspc td  to be p r n ~ t  by chrrgfng 01s chrartoqrrphk 
c#dlt!ms (i.e., t m r a t u n  progtr).  Hlgh hrridlty during -ling r i l l  w o n t  orpuric 
rrpwr fm king trrpOd efficiently on th s-t ud w t l y  W u r  brwkthrough w l w .  

OTHER a m :  This rtw &im rrd npt rur  PLCM I27 f31, S101 [dl, $110 (51, $113 f 0 ,  
1114 [ti, s t l s  01, st22 [9), s i n  [IOI, s 1 a  ~111, s 1 a  [ ~ l ,  SIN Cfll, $ 1 3 ~  ti(], tlSID 
u l r  (161, UZ$ [it],  urn [18], US1 f191, rrd kthod 1003 (6kd t/lYU). 



m: 
1. C l M  d lsu l f lb ,  ch-togtrp)rfc 

qua1 l ty.. 
2. Ihrlytr, m t  gr-. 
3. Clllbratlon s tah  solutims: 

r. bmql chlorlb, 10 qhl 
I n  -*tam. 

b. -tom, 10 I n  -pbuan. 
c. Hichlo-, i n  

KIton .  
d. pdfchlorokrum, IQO rgl.L 

I n  -torn. 
0. krrehlomthm, ZS qhl I n  

t o l w n .  
4. Oaam, p u n b u n ,  atur or o t b r  

I n tmwl  strndrrds ( s a  s t q  6). 
S. Illtrogm or Imllm, parifid. 
6. m, prrquri f id.  
7. A i r ,  fil-. 

E Q U I m m :  
1. -lor: glass t u b ,  7 a l o q ,  6 r Q), 4 r ID, 

f l - s u l d  ads  with plastic erpr, torrtrining tw 
s u t l m s  of W10 h u t l r a t d  (61JQ *C) coconut 
s h l l  chartor1 (fmt . 100 q; back . 50  q) 
u g l r a t d  by r 2- u m t h n  for plug. A 
s l l y l a t d  glass wl plug th fmnt  uctim 
a d  r u m t h n  tam plug fo l lam th back 
uctlm. h r r s u n  e m s  th tub8 a t  1 L h i n  
r ir l tw u s t  k less thr 3.4 V1. T t h s  rm 
-tally avr i l rble (0.9.. SaC -1). 

2. -1 (ling "",A1 to 0.2 Chln, dtn 
f l u l b l r  aanmtlng tclbirrg. 

3. Cls c h r * r g ) r ,  fI0, lnt+gtrt# and cotr r r  (toe 
t rb lo 3). 

4. VIrls, 2 4 ;  glass, PWE-llnd q t m  c r i q  upr. 
S. Vol-tric flasks, 1 0 4 .  
6. S p i n g n ,  IO-yL, madWo to 0.1 uL. 
1. P i p t ,  tD, 1 4 ,  w i t h  p i p t  bulb. 

SPECIAL R€UUTIW: Clm d i s u l f i 6  1s ?&!c and r u r i o v r  fin rrd ug lo r i a r  b a r d  (flash 
point. -# 'C); rart ultb I t  only I n  r h a .  k*wal d th anal* am unmt urcilrogms 
(Trblo 1). -*tam, W w ,  a d  -ton m fin hurrdt. 

-1s: 
1. C l l lb rcu  each pr-1 -ling pq d t b  r r tp r run t r t fve  '1- i n  line. 
2. bruk th of th -1- i l r t a l y  bdm t r p l l ng .  At -  -In b pmarwl 

srg l lng  pq w l t h  f l u l b l o  tb ing.  
3. f r p l e  at m ucurab ly  knan f lw rrb k m  0.01 ud 0.2 L M n  for r btrl -18 r im 

ktwrr, th l l d t s  slum i n  Trblo 2. 
4. Qp t h  r r g l e n .  Pack u c v r r l y  for shl-t. 

WLI )#?MATIQ: 
5. ? t a u  th fmt a d  bad sorbat w e t i a s  ol tk -1rr tt&o I n  w r r t a  vlr ls.  01surd 

th 'g l r ss  -1 a d  for pl-. 
6. U 1.0 % to wd vl r l .  r ia l .  

m: A su i t a lo  I n t w m l  stmdrrd, such as heam [la], ~wduum [6,191, or atum 
[9,13,17] rt 0.K (v/I) uy k ad&d rt this s m  a d  at s m  8. 

7. Allw to stud #.In dtb a u s i m u l  w i t a t l a .  

WIWTIOI M Qwrn mrrr#: 
8. Ql!brak daily with at l w s t  fiva b i n g  s t r r d r d s  ww th rgprogrirta r a w  ( t d l e  3). 

.a. Add k m  n t s  of nu t  a r l y t o  or ul Ikr t im stotL t o l u t l m  to C+ in 16.L 
vo lm ' t r i c  f l a s b  ud di luta to thr urt. 

b. Amlyre ulth -1- a d  blurLs ( s t w  11 a d  12). 
c. R+prn u l i b r c t i a r  graph (pwk area vs. q amlyto). 

9. brttnlm 6+1#gtim o f f i c i w q  (DE) a t  l w s t  once for each l o t  ot chml u u d  for 
srg l ing i n  t h  r W Q t  I n t a m t .  Pmpan thm tukt at uelroffirr 1 ~ 0 1 s  plus t h m  
mdic blrnts. 

UIY87 1- MI094 knurl of kwlytlul k t h d s  



a. R a v e  and discard back s m t  section o f  a m d l a  blank m l e r .  
b. I n j u t  a knon m n t  (2 to 20 rL) of pum a ~ l y t e ,  or a l l b r a t i o n  stock s o l u t i m  (see 

R E K ; E N S ,  3 . ) ,  d l m t l y  onto fmt torbent s w t l o n  wi th a m lc ro l i t e r  syringe. 
c. Cap thr t u b .  Allw to strnd oremlght. 
d. OIsorb (steps 5 thr#rgh 7) rrd u u l y z r  together wi th W i n g  standards (steps 11 a d  12). 
e. mrr r graph o f  # vs. q r ~ l y t e  m o v e d .  

10. h a l y r e  t h m  qual l ty control b l l d  s p l k n  and t h m  analyst spikes to insum that  the 
c r l i b r a t l m  graph ard # graph a m  i n  control. 

mAsSmt: 
11. kt gas chravtogrrph according to m n u f w t u m @ s  -tiw ad to wnd l t ions  I i v w  

WI prgr 1003-1 and i n  Table 3. I n j u t  -1e al iquot  r n v l l y  using tollnnt f lush 
t u h n l q w  or u l t h  autor rp ler .  
MOTE: If a m  i s  rbore th 1 f m r  r a g ,  of thr uort ing s t m b r d r ,  d l l u b  dth CS2, 

w r u l y z e  a d  w l y  the rppmprlate d l l u t l o n  factor i n  c r l c u l a t i m r .  
12. -sun peak a m .  

CALWUTtOrS: 
13. Dotemin th wss, q (cwmtd for # I ,  of a n r l y k  found i n  th rrplr front (Q) and 

back (4) s o r b n t  s a t l m s  ud i n  the aver- m d i a  b1uJt front and back (4) 
s o r k n t  s u t i m s .  
W E , :  I f  > */lo, rrport bmLthrargh and parsfble -1e loss. 

14. Cl lculate c w e n t r a t i m ,  C, o f  analyte I n  th a i r  r o l l  -lad, V (1): 

€VALIYfIrn ff em: 
L lbora toq testing ws p r r f o r r d  w i th  s p l k d  s y l e s  and p e r i t a d  a b p t p ) r m  using t l t C  Lot 
105 c a m t  sh.11 c h r m l  111. Results wm: 

kw, ) irci~lm (sr) O I t m t l ~ a  

-nd w '5PZ h e r a l l  msu-t Eftic1atu-y kt. - - - 

* i s m r  used (I,@., cfs- ar trans-) i n  e ~ a l u a t i ~  unlnan. 





'W 
M.U.: Table 1 

. . 
ELEM ENTS (ICP) 

HETH3D: 7300 
ISSUED: 2/15/84 

OSWVNIOSWACGIH: Table 1 PROPERTIES: Table 1 

ELEMENTS: aluninun coba 1 t manganese si 1 ver tungsten 
arsenic copper mlybdenun sodiun vanad i un 
beryl 1 iun i ron nickel tel luriun yttriun 
cadniun lead phosphorus thall iun zinc 
cal ci un 1 i thiun plrtinun tin rirconiun 
chrcmiun mgnes i un seleniun ti taniun 

-- -- - 

SYNONYMS: vary depending upon the carpound. 

SAMPLING REASUREMENT 
! 

SAMPLER: FILTER ! T E M N I w :  INDUCTIVELY COUPLED ARGON PLASM, 
(0.6-pm, cellulose ester wenbranel ! ATOMIC EMISSION SPECTROSCOPY 

! 

FLOW RATE: 1 to 4 L/min !ANALYTE: elements above 
I 

VOL-HIN: Table 1 !ASHING REAGENTS: conc. w, 4 mL ; * +A%: Table 1 I and conc. HC104, 1 mL 
! CONDITIONS: roan te-rperature, 30 min; 

SHIPiENT: routine ! 150 OC to near dryness 
! 

SAMPLE STABILITY: stable !FIMAL SOLUTION: 4% q, 1% M104, 10 mL 
I 

BLANKS: 2 to 10 field blanks per set !MVELENGTH: depends upon element; Table 2 
I 

!BACKGROUND CORRECTICN: spectral wavelength shift 
ACCURACY ! 

!CALIBRATION: elements in 4% +, 1% HC104 
RANGE STUDIED: not studied ! 

!RANGE: 2.5 to 1000 yg per simple [I] 
BIAS: none identified 

!ESTIrUTED LW: 1 yg per wrple 111 
OVERALL PRECISIW (srJ : not evaluated ! 

!PRECISIW (s,): Table 2 
! 

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/mg for each element in a 
500-1 air saple. This is siriultaneous elemental analysis, not carpwnd specific. Verify that 
the types of carpounds in the m l e s  are soluble with this a ~ h i n ~  ~rocedun. 
INTERFERENCES: Spectral interferences are the primary interferences encountered i n  I C P ~ S  
analysis. These are minimized by judicious wavelength selection, interelant cormtion 
factors and backsround correction t l . 2 1 .  
OTHER HETH3DS: This mthod replaces P6CM 351 [2) for trace elements. Atmic absorption 
spectroscopy (e.g., nethods 70XX) is an alternate analytical technique for many of these YY/I elants. 



ELEHENTS (ICP) METHOD: 7300 

REAGENTS : 
1. Nitric acid, conc. 
2. Perchloric acid, conc.* 
3. Ashing acid: 4:l (v/v) HN03:HC104. 

Mix 4 volmmes conc. HN03 with 
1 volune conc. HClOq. 

4. Calibration stock solutions, 
1000 pg/mL. Canercially available, 
or prepared per instrunent 
manufacturer's recunnendat ion (see 
step 12). 

5. Dilution acid, 42 HN03, 1% HClO4. 
Add 50 mL ashing acid to 600 mL 
water; dilute to 1 L. 

6. Argon. 
7. Distilled,deionized water. 

*See Special Precautions. 

EQUIPnENT : 
1. Sarrpler: cellulose ester b r a n e  filter, 

0.8-m pore size, 3 7 m  diameter; in cassette 
filter holder. 

2. Personal sampling pvrp, 1 to 4 L/min, with 
flexible connecting tubing. 

3. Inductively coupled plaspa-atmic mission 
spectmter, equipped as specified by the 
manufacturer for analysis of elements of interest. 

4. Regulator, tmstage, for argon. 
5. Beakers, Phillips, 1 2 5 4 ,  or Griffin, 50mL, with 

watchglass covers.* 
6. Volmtric flasks, 10- and 100- mL.* 
7. Assorted volunetric pipets as needed.* 
8. Hotplate, surface tenperature 150 OC. 

W e a n  all glassware with conc. nitric acid and 
rinse thoroughly in distilled water before use. 

SPECIAL PRECAUTIONS: Perfonn all perchloric acid digestions in a perchloric acid hood. 

SMPLING: 
1. Calibrate each personal sapling purp with a representative smpler in line. 
2. Sarrple at an accurately known flow rate between 1 and 4 L/min for a total sample size of 

200 to ZOO0 L (see Table 1) for Wt measurements. Do not exceed a filter loading of 
approximately 2 mg total dust. 

SMPLE PREPARATION: 
3. Open the cassette filter holders and transfer the s ~ p l e s  and blanks to clean beakers. 
4. Add 5 mL ashing acid. Cover with a watchglass. Let stand 30 min at roan terrperature. 

NOTE: Start a reagent blank at this step. 
5. Heat on hotplate (120 *C) until a. 0.5 mL renuins. 

NOTE: Sane species of L i ,  Nn, Ho, Sn, W, and Zr will not be ccnpletely solubilized by this 
procedure. A1 ternative solubi 1 i zation techniques for m s t  of these elements can be 
found elsewhere [2,3,4,5,6,71. 

6. Add 2 mL ashing acid and repeat step 5. Repeat this step untilsthe solution is clear. 
7. R a v e  watchglass and rinse into the beaker with distilled water. 
8. Increase the tenperatun to 150 O C  and take the sample to dryness. 
9. Dissolve the residue i n  2 to 3 ml dilution acid. 
10. Transfer the solutions quantitatively to 1OmL volmtric flasks. 
11. Oilute to v o l w  with dilution acid. 

CALIBRATION AND QUALITY a T R O L :  
12. Calibrate the spectrometer according to the mnufrcturers recarmendations. 

NOTE: Typically, an acid blank and 10 vg/mL rultielement working standards are used. The 
following rmltielement cubinations are chemically carpatible in 4% -/I% HC104: 
a. Ag, Ca, Co, Hn, Pb, V. Zn; 
b. Al, Be, Cd, La, Li, N i ,  11; 
c. As, 8, Ba, ng, No, P, Sn; 



HETHOD: 7300 ELEMENTS (ICP) 

d. Cu, Fe, Na, Pt, Sr, Te, Y; 'w e. Cr, K, Sb, Se, Ti, Zr; and 
f. Si, U (distilled uater only) 

13. Analyze a standard for every ten sarples. 
14. Check recoveries with at least two spiked media blanks per ten sarples. 

REASUREEN T : 
15. Set spectrmeter to conditions tpecif ied by manufacturer. 
16. Analyze standards and sarples. 

NOTE: If the values for the fanples are above the range of the standards, dilute the 
solutions with dilution acid, reanalyze and apply the appropriate dilution factor in 
the calculations. 

CALCULATIONS: 
17. Obtain the solution concentrations for the saple, CS (vg/mL), and the average media 

blank, C& (pg/mL), . f r m  the instrunent. 
18. Using the solution volumes of sarrple, VS (mL), and media blank, Vb (mL), calculate the 

concentration, C (mg/m3), of each element in the air v o l m  sampled, V (L) : 

EVALUATION OF METHOD: 
Method PdCAn 351 was evaluated in 1981 [I ,21. The precision and recovery data were detenined 
at 2.5 and 1000 vg of each element per sampie on spiked filters. The precision and recovery 

im data, instunental detection limits, sensitivity, and analytical wavelengths are listed in 
Table 2. The values in Table 2 were determined with a Jarrell-Ash hodel 1160 XCP operated 
according to manufacturer's instructions. 

REFERENCES : 
[I] Hull, R.D. *Hultielement Analysis of Industrial Hygiene Simples," NIOSH Internal Report, 

presented at the American Industrial Hygiene Conference, Portland, Oregon (May 1981). 
[Z] NIOSH Manual of Analytical Bethods, 2nd ed., V. 7, P W  351, U.S. Department of Health and 

Human Services. Publ . (NIOSH) 82-100 (1981). 
[3] Ibid, $341 (Lead). 
14) Ibid. V.  2, 55 (Rnganese) , U.S. Department of Health, Education, and Welfare, Publ. 

(NIOSH)'~~-I~?-B (1977). 
[5] Ibid, V. 4, P W M  271 (Tungsten), U.S. Department of Health, Education, and Welfare, Publ . 

(NIOSH) 78-1 75 (1978). 
[6] Ibid, V. 5, P6C4H 153 (Metals by Atmic Absorption), U.S. Department of Health, Education, 

and Welfare, Publ. (NIOSH) 79-141 (1979). 
[7] Ibid, V. 3, 5183 (Tin), S185 (Zirconiun), and 5376 (mlybdenun), U.S. Department of Health, 

Education, and Welfare, Publ . (NIOSH) 77-1574 (1977). 
ClETHOD REVISED BY: R. DeLon Hull and k r k  Hillton, NIOSWDPSE. 



ELEBENTS (ICP) METHOD: 7300 

Table 1. Properties and sanpling volunes. 

Elemnt 
( S y l h l )  

Silver (Ag) 
A1 mi nun (A1 ) 
Arsenic (As) 
Bery l l iun (Be) 
Calciun (Ca) 
Cadniun (Cd) 
Cobalt (Co) 
Chraniun (Cr) 
Cogper (Cu) 
I ron  (Fe) 
Lithium ( L i )  
kgnesiun (Rg) 
bnganese (nn) 
Hol ybdenun (Ho) 
Sodiun (Na) 
Nickel (Nil 
Phosphorus (PI 
Lead (Pb) 
Platinun (Pt) 
Seleniun (Se) 
Tin (Sn) 
Tel lu r iun  (Te) 
Titaniun ( T i )  
Thall iun (71 
Vanadiun (V)  
Tungsten (W) 
Yt t r iun  (Y) 
Zinc (Zn) 
Zirconiun (Zr) 

P w r t i e s  
A t a i  c 
Weight W, *C - - 
107.87 961 
26.98 660 
74.92 817* 
9.01 1270 

40.08 042 
112.40 321 
58.93 1495 
52.00 1890 
63.54 1083 
55.85 1535 
6.94 179 

24.31 651 
54.94 1244 
95.94 651 
22.99 98 
58.71 1453 
30.97 44 

207.19 328 
195.09 1769 
78.96 217 

118.69 232 
127.60 450 
47.90 1675 

204.37 304 
50.94 1890 

183.85 3410 
88.91 1495 
65.37 419 
91.22' 1852 

(a) soluble 
(b) oxide 
(c) k t a l  
(d) hydri & 
(e) insoluble 
(f) hydroxide 
(g) a t  the ACGIH TLV 

Permissible Exposure Limi ts ,  
mg/ms TU4 

OSWNIOSH/ACGIH 
A i r  ~olune @ OSHA, i? 

WIN .+ 

250 a 2000 
s (g) 100 (g) 
5 2000 

1250 2000 
5 200 

I 3  2000 
25 2000 

5 loo0 
5 loo0 
5 100 

100 2000 
5 67 
5 200 
5 67 

13 2000 
5 , 1000 

25 (g) 2000 (g) 
5Oc---.-32000 

1250 2000 
13 2000 
5 500 

25 2000 
5 100 

25 2000 
S 2000 
s (g) 200 (g) 
5 loo0 
5 200 
5 200 



RETHOD: 7300 ELEHEHTS (18)  

Table 2. Measurement procedures and data (a). 
vllv 

Precision (sr) 
Instrunental Sensitivity Recovery ('L) (N = 3) 

Wavelength LOD (Intensity/ @ 2.5 pg/ @ 1000 pg/ @ 2.5 vg/ @ 100 vg/ 
Element (rm) (ng/mL) pg/mL) filter (b) filter f i 1 ter filter 

I l l  
93 
103 
107 
99 
107 
101 
98 
98 
94 
89 
105 
84 
94 
(c) 
105 
(c) 
105 
106 
105 
74 
102 
% 
103 
99 
35 
99 
101 
75 

(a) Values reported e r e  obtained with a Jarrell-Ash Rodel 1160 ICP; performance may vary with 
instrvnent and should be independently verified. 

(b) 2.5 pg/fil ter corresponds to 5 pg/ma for r 500-L air  wrple. 
(c) Blank levels too high to make accurate determinations 





FORMULA: var ious FLBfBZ 
METHOD: 7400 

H.W. : various ISSUED: 2/15/84 
REVISION #3: 5/15/89 

OSHA: 0.2 asbestos f i b e r  ( 1 5  pm long)/cc;  PROPERTIES: so l  i d ,  
1 asbestos f iber/cc/30 minute excursion [I] f i b r o u s  

HSHA: 2 asbestos f i b e r s  (>5  p m  long) /cc  121 1 
NIOSH: carcinogen; cont ro l  t o  lowest  l e v e l  poss ib le  131; 3 g lass f i b e r s  ( > l o  p m  x <3.5 )un)/cc 141 
ACGIH: 0.2 c r o c i d o l i t e ;  0.5 amosite; 2 c h r y s o t i l e  and o ther  asbestos, f i b e r s l c c  151 

SYNONYMS: a c t i n o l  i t e  [CAS W13768-00-81 o r  f e r roac t i no l  i te; cumningtoni te-gruner i  t e t a m o s i  t e )  
[CAS #12172-73-51: anthophyll  i t e  [CAS 117068-78-91 ; c h r y s o t i l e  [CAS #12001-29-51 o r  serpent ine;  
c roc ido l  i t e  [CAS C12001-26-41 o r  r iebeck i  te ;  tremol i t e  [CAS #14567-73-61; amphibole asbestos; 
f ib rous  glass. 

S A M P L I N G  MEAWRUjENT 
SAMPLER: FILTER !TECHNIQUE: LIGHT HICROSCOPY, PHASE CONTRAST 

(0.45- t o  1.2-pn ce l l u l ose  es te r  I 

membrane, 25-mn diameter; conductive !ANALYTE: f i b e r s  (manual count) 
cowl on casset te)  ! 

!SAMPLE PREPARATION: ace tone / t r i ace t i n  "hot  
FLOW RATE': 0.5 t o  16 L/min ! block" method 161 

I 

VOL-HIN*: 400 L @ 0.1 f i be r / cc  !COUNTING RULES: Described i n  previous ve rs ion  
- t i 4Xm:  (s tep  4. sampling) -! o f  t h i s  method as A r u l e s  [1,71 

*Adjust t o  g ive 100 t o  1300 f ibers/mn2 ! 
!EQUIPMENT: I .  Posi t i v e  phase-contrast microscope 

SHIPMENT: rou t i ne  (pack t o  reduce shock) ! 2. Wal ton-Beckett g r a t i  cu le  
! (100-pm f i e l d  of v iew) Type 6-22 qw SAMPLE STABILITY: s tab le  I 3. phase-shi f t  t e s t  s l i d e  (HSE/NPL) 
I 

FIELD BLANKS: 10% o f  samples !CALIBRATION: HSE/NPL t e s t  s l i d e  
I 

ACrURACY !RANGE: 100 t o  1300 f ibers/mn2 f i l t e r  area 
I 

RANGE STUDIED: 80 t o  100 f i b e r s  counted !ESTIMATED LOD: 7 f ibers/mn2 f i l t e r  area 
1 

BIAS: see EVALUATION OF HETHOD !PRECISION: 0.10 t o  0.12 (71: see EVALUATION OF 
: METHOD 

OVERALL PRECISION (s,): 0.115 t o  0.13 [71 ! 
I 

APPLICABILITY: The q u a n t i t a t i v e  working range i s  0.04 t o  0.5 f i  ber/cc f o r  a 1000-L a i r  sample. 
The LOD depends on sample volume and quan t i t y  o f  i n t e r f e r i n g  dust, and i s  <0.01 f i b e r / c c  f o r  
atmospheres f r e e  o f  inter ferences.  The method gives an index o f  a i rbo rne  f i b e r s .  I t  i s  
p r i m a r i l y  used f o r  es t imat ing  asbestos concentrations, though PCH does n o t  d i f f e r e n t i a t e  
between asbestos and o ther  f i be rs .  Use t h i s  method i n  con juc t ion  w i t h  e lec t ron  microscopy 
(e.g., Method 7402) f o r  assistance i n  i d e n t i f i c a t i o n  o f  f i be rs .  F ibe r  Cca. 0.25 pm diameter 
w i l l  not  be detected by t h i s  method [8]. This method nay be used f o r  o ther  ma te r i a l s  such as 
f ib rous  glass by using a1 te rnate  count ing ru les  (see Appendix C).  

INTERFERENCES: Any o ther  a i rborne f i b e t  may i n t e r f e r e  s ince a l l  p a r t i c l e s  meeting' the  count ing  
c r i  t e r i a  are  counted. Chain-1 i ke p a r t i c l e s  may appear f ib rous .  High l e v e l s  o f  non-f i brous 
dust p a r t i c l e s  may obscure f i be rs  i n  the f i e l d  o f  view and increase the  de tec t i on  l i m i t .  

OTHER METHODS: This method introduces changes fo r  improved sens i t i v i  t y  and reproduci  b i  1 i t y .  
I t  replaces PbCAM 239 [7,9] and NIOSH Method 7400, Revis ion #2 (dated 8/15/87). 
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UBERS METHOD: 740Q 

REAGENTS : EQUIPHENT: 
1. Acetone.. 1. Sampler: f i e l d  monitor, 25-mn, three-piece casset te w i t h  ca. 

2. T r i a c e t i n  (g l yce ro l  50-m e l e c t r i c a l 1  y-conductive extension cowl and ce l l u l ose  

tri acetate) ,  reagent grade. es te r  f i l t e r ,  0.45- t o  1.2-pm pore s ize,  and backup pad. 

NOTE 1: Analyze representa t ive  f i l t e r s  f o r  f i b e r  background 
'See SPECIAL PRECAUTIONS. before use. Discard the f i l t e r  l o t  i f  mean i s  25 

f i b e r s  per 100 g r a t i c u l e  f i e l d s .  These are  def ined 
as labora tory  blanks. knufac turer -prov ided qua1 i t y  
assurance checks on f i l t e r  blanks are normal ly  
adequate as l o n g  as f i e l d  blanks are anal y ted  as 
described below. 

NOTE 2: The e l e c t r i c a l l  y-conductive extension cowl reduces 
e l e c t r o s t a t i c  e f f e c t s .  Ground the cowl when poss ib le  
dur ing  sampling [ l o ] .  

NOTE 3: Use 0.8-pn~ pore s i z e  f i l t e r s  f o r  personal sampling. 
The 0.45-pn f i l t e r s  are  recommended f o r  tamp1 i n g  
when performing TEH ana lys is  on the  same samples. 
However, t he i  r higher pressure drop precludes t h e i  r 
use w i t h  personal sampling pumps. 

. 2. Sampling pump, 0.5 t o  16 L/min (see step 4 f o r  f low ra te ) ,  
w i t h  f l e x i b l e  connecting tubing. 

3. Microscope, p o s i t i v e  phase (dark)  cont ras t ,  w i t h  green o r  
b lue f i l t e r ,  ad jus tab le  f i e l d  i r i s ,  8 t o  10X eye-piece, and 
40 t o  45X phase ob jec t i ve  ( t o t a l  magn i f i ca t ion  ca. 400X); 

numerical aperture = 0.65 t o  0.75. 
4. Sl ides,  glass, f rosted-end, pre-cleaned. 25- x 75-m. 
5. Cover s l i ps ,  22- x 224m11, No. 1-1/2, unless otherwise 

spec i f i ed  by microscope manufacturer. 
6. Lacquer o r  n a i l  po l i sh .  
7. Kni fe.  110 surg ica l  s tee l ,  curved blade. 
8. Tweezers. 
9. Heated aluminum block f o r  c l ea r i ng  f i l t e r s  on glass s l i d e s  

(see r e f .  161 f o r  spec i f i ca t i ons  o r  see manufacturer's 
i n s t r u c t i o n s  f o r  equ iva lent  devices). 

10. t l i c rop ipets ,  5-pL and 100- t o  500-pL. 
11. Gra t i  cule, Wal ton-Beckett type, 1 0 0 - p  diameter c i r c u l a r  

f i e l d  (area = 0.00785 m m 2 )  a t  specimen plane (Type 
G-22). Ava i lab le  from PTR Opt ics Ltd., 145 Newton St reet ,  
Wal tham, HA 02154 [phone (617) 891-6000] and McCrone 
Accessories and Components, 850 Pasqu ine l l i  Dr ive,  Westmont, 
I L  60559 [phone (312) 887-7100]. 
NOTE: The g r a t i c u l e  i s  custom-made f o r  each microscope. 

(See Appendix A f o r  the custom-ordering procedure). 
12. HSE/NPL phase con t ras t  t e s t  s l i de ,  Nark 11. Ava i l ab le  from 

PTR Opt ics Ltd. (address above). 
13. Telescope, ocu lar  phase-ri ng center ing.  
14. Stage micrometer (0.Ol-m d i v i s i ons ) .  
IS .  Wire, mult i-stranded. 22-gauge. 
16. Tape, shr ink-  o r  adhesive-. 

SPECIAL PRECAUTIONS: Acetone i s  extremely flamnable. Take precautions no t  t o  i g n i t e  i t. 
Heating o f  acetone i n  volumes greater  than 1 rnL must be done i n  a v e n t i l a t e d  l abo ra to ry  fume 
hood using a flameless, spark-free heat source. 
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flETH00: 7400 FIBERS 

SAMPLING: 
1. Ca l ib ra te  each personal sampl i n g  pump w i t h  a  representa t ive  sampler i n  1 ine. ' 

2. For personal sampling, fasten sampler t o  the worker's l ape l  near the worker 's  mouth. 
Remove top cover from cowl extension ('aopen-face") and o r i e n t  face down. Wrap j o i n t  

between cowl and monitor body w i t h  tape t o  he lp  ho ld  the  casset te together,  keep the  j o i n t  
f r ee  o f  dust, and provide a  marking surface t o  i d e n t i f y  the casset te.  

NOTE: If possible, ground the casset te t o  remove any surface charge. us ing  a  w i re  he ld  i n  
contact (e.g., w i t h  a  hose clamp) w i t h  the conductive cowl and an ea r th  ground such as 
a  cold-water pipe. 

3. Submit a t  l e a s t  two f i e l d  blanks ( o r  10% o f  the  t o t a l  samples, whichever i s  g rea te r )  f o r  
each set  o f  samples. Handle f i e l d  blanks i n  the same fashion as o the r  samplers. Open 
f i e l d  blank cassettes a t  the same t ime as o ther  casset tes j u s t  p r i o r  t o  sampling. S tore  

top covers and cassettes i n  a  clean area w i t h  the  top covers from the sampling casset tes  
dur ing  the sampling period. 

4. Sample a t  0.5 L/min o r  g reater  [ll]. Adjust  sampling f l ow  ra te ,  Q (L/min), and time, 
t (min) ,  t o  produce a  f i b e r  densi ty,  E,  o f  100 t o  1300 f ibers/mn2 (3.85*104 t o  
5*105 f i be rs  per 25- f i l t e r  w i t h  e f f e c t i v e  c o l l e c t i o n  area Ac= 385 mn2) f o r  
optimum accuracy. These var iab les  are re la ted  t o  the a c t i o n  l e v e l  (one-half the  cu r ren t  
standard), L  ( f  i bers/cc) , o f  the f i b rous  aerosol being sampled by: 

t =  . 
Ace€ , min. 

Q * L * ~ o ~  

NOTE 1: The purpose o f  ad jus t i ng  sampling times i s  t o  ob ta in  optimum f i b e r  l o a d i n g  on the 
f i l t e r .  A sampling r a t e  o f  1 t o  4  L/min fo r .8  hrs  i s  appropr ia te  i n  atmospheres 
contain ing ca. 0.1 f i be r / cc  i n  the absense o f  s i g n i f i c a n t  am0unt.s o f  non-asbestos 
dust. Dusty atmospheres requ i re  smal ler  sample volumes. (A400 L )  t o  ob ta in  
countable samples. I n  such cases take shor t ,  consecutive samples and average the  
r e s u l t s  over the t o t a l  c o l l e c t i o n  time. For documenting episodi  c  exposures, use 
high f low rates (7 t o  16 L/min) over shor ter  sampling times. I n  r e l a t i v e l y  c lean 

atmospheres, where targeted f i b e r  concentrat ions are much l e s s  than 0.1 f i ber l cc ,  
use l a r g e r  sample volumes (3000 t o  10000 L) t o  achieve q u a n t i f i a b l e  loadings.  
Take care, however, no t  t o  overload the f i l t e r  w i t h  background dust .  If 1 5 0 %  of 
the f i l t e r  surface i s  covered w i t h  p a r t i c l e s ,  the f i l t e r  may be too  overloaded t o  
count and w i l l  b ias  the measured f i b e r  concentrat ion.  

NOTE 2: OSHA regu la t ions  spec i fy  a  maximum sampling r a t e  o f  2.5 L/min [I]. 
NOTE 3: OSHA regu la t ions  speci fy a minimum sampling volume o f  48 L  f o r  an excursion 

measurement [ 1  I .  
5. A t  the end o f  sampling, replace top cover and end plugs.  
6. Ship samples w i t h  conductive cowl attached i n  a  r i g i d  conta iner  w i t h  packing ma te r i a l  t o  

prevent j o s t l i n g  o r  damage. 
NOTE: Do not  use untreated polystyrene foam i n  sh ipp ing conta iner  because e l e c t r o s t a t i c  

forces may cause f i b e r  l o s s  from sample f i l t e r .  

SAMPLE PREPARATION: 
NOTE 1: The ob jec t  i s  t o  produce samples w i t h  a  smooth (non-grainy) background i n  a  medium 

w i t h  r e f r a c t i v e  index o f  $1.46. This method col lapses the  f i l t e r  f o r  eas ie r  
focusing and produces r e ' l r t i v e t y  permanent mounts which a re  usefu l  f o r  q u a l i t y  
cont ro l  and i n te r l abo ra to ry  comparison. The aluminum "hot  b lock"  o r  s i m i l a r  f l a s h  
vapor iza t ion  techniques may be used outs ide  the  l abo ra to ry  161. Other mounting 
techniqi~es meeting the above c r i  t c r i a  may a l so  be used (e.g., the  l a b o r a t o r y  fume 
hood procedure f o r  generating acetone vapor as described i n  Method 7400 - r e v i s i o n  
o f  5/15/85, o r  the  non-pennanent f i e l d  mounting technique used i n  P&CAH 239 
[3.7,9,121). A videotape o f  the mounting procedure i s  a v a i l a b l e  from the  NIOSH 
Pub l ica t ion  O f f i ce  [13]. 
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U E R s  MFTHOD: 740Q 

NOTE 2: Excessive water i n  the acetone may slow the c lea r i ng  o f  the f i l t e r s ,  causing 
mater ia l  t o  be washed o f f  the surface o f  the f i l t e r .  Also, f i l t e r s  t h a t  have been 
exposed t o  h igh humidi t ies p r i o r  t o  c l ea r i ng  may have a gra iny  background. 

7. Ensure tha t  the glass s l ides  and cover s l i p s  are  f r e e  o f  dust and f i b e r s .  
8. Adjust the rheostat t o  heat the "hot b lock" t o  ca. 70 'C [6]. 

NOTE: I f  the "hot block" i s  no t  used i n  a 'fume hood, i t  must r e s t  on a ceramic p l a t e  and 
be i so la ted  from any surface suscept ib le  t o  heat damage. 

9. Mount a wedge cut  from the sample f i l t e r  on a c lean glass s l i d e .  
a. Cut wedges o f  ca. 25% o f  the f i l t e r  area w i t h  a curved-blade k n i f e  using a rock ing  

motion t o  prevent tear ing.  Place wedge, dust  s i de  up, on s l i d e .  
NOTE: S ta t i c  e l e c t r i c i t y  w i l l  usua l ly  keep the  wedge on the s l i d e .  

b. I n s e r t  s l i d e  w i th  wedge i n t o  the rece i v ing  s l o t  a t  the base o f  "hot blockN. 
Inmediately place t i p  o f  a micropipet  conta in ing  ca. 250 p L  acetone (use the minimum 
volume needed t o  cons is ten t ly  c l ea r  the f i l t e r  sect ions) i n t o  the  i n l e t  p o r t  of t he  
PTFE cap on top o f  the "hot block" and i n j e c t  the acetone i n t o  the vapor iza t ion  chamber 
w i th  a slow, steady pressure on the plunger but ton  wh i le  ho ld ing  p i p e t  f i r m l y  i n  
place. A f te r  wa i t ing  3 t o  5 sec f o r  the f i l t e r  t o  c lear ,  remove p i p e t  and s l i d e  from 
t h e i r  ports. 
CAUTION: Although the volume o f  acetone used i s  small,  use sa fe ty  precautions. Work i n  

a we l l -vent i la ted  area (e.g., l abo ra to ry  fume hood). Take care not  t o  i g n i t e  
the acetone. Continuous, f requent use of t h i s  device i n  an unvent i la ted  space 
may produce explosive acetone vapor concentrations. 

c. Using the 5-pL micropipet, imnediately p lace 3.0 t o  3.5 p L  t r i a c e t i n  on the wedge. 
Gently lower a clean cover s l i p  onto the wedge a t  a s l i g h t  angle t o  reduce bubble 
formation. Avoid excess pressure and movement o f  the cover glass. 
NOTE: I f  too many bubbles form o r  the amount o f  t r i a c e t i n  i s  i n s u f f i c i e n t ,  the cover 

s l i p  may become detached w i t h i n  a few hours. I f  excessive t r i a c e t i n  remains a t  
the edge o f  the f i l t e r  under the cover s l i p ,  f i b e r  migra t ion  may occur. 

d. Glue the edges o f  the cover s l i p  t o  the s l i d e  us ing  lacquer o r  n a i l  p o l i s h  [14] 
Counting may proceed imnediately a f t e r  c l e a r i n g  and mounting are  completed. 
NOTE: I f  c lear ing  i s  slow, warm the s l i d e  on a ho tp la te  (surface temperature 50 O C )  f o r  

up t o  15 min t o  hasten c lear ing .  Heat c a r e f u l l y  t o  prevent gas bubble format ion.  

CALIBRATION AND QUALITY CONTROL: 
10. Microscope adjustments. f o l l ow  the manufacturer's i ns t ruc t i ons .  A t  l e a s t  once d a i l y  use 

the telescope ocular  (o r  Bertrand lens,  f o r  some microscopes) suppl ied by the manufacturer 
t o  ensure tha t  the phase r i ngs  (annular diaphragm and phase-shi f t ing elements) a re  
concentric. With each microscope, keep a logbook i n  which t o  record the dates o f  
ca l i b ra t i ons  and major serv ic ings.  
a. .Each time a sample i s  examined, do the fo l lowing:  

( 1 )  Adjust the l i g h t  source f o r  even i l l u m i n a t i o n  across the f i e l d  o f  view a t  the  
condenser i r i s .  Use Kohler i l l u m i n a t i o n ,  if ava i lab le .  With some microscopes, the  
i l l um ina t i on  may have t o  be s e t  up w i t h  b r i g h t  f i e l d  o p t i c s  r a t h e r  than phase 
contrast  opt ics.  

(2)  Focus on the pa r t i cu la te  ma te r i a l  t o  be examined. 
(3 )  Make sure tha t  the f i e l d  i r i s  i s  i n  focus, centered on the  sample, and open on ly  

enough t o  f u l l y  i l l um ina te  the f i e l d  o f  view. 
b. Check the phase-shift de tec t ion  l i m i  t of the microscope p e r i o d i c a l l y  f o r  each 

analyst/microscope combination: 
(1 ) Center the HSE/NPL phase-contrast t e s t  s l i d e  under the  phase ob jec t ive .  
(2) Br ing  the blocks o f  grooved l i n e s  i n t o  focus i n  the g r a t i c u l e  area. r 

NOTE: The s l i d e  contains seven blocks o f  grooves (ca. 20 grooves pe r  b lock)  i n  
descending order of v i s i b i l i t y .  For asbestos count ing the microscope o p t i c s  
must completely resolve the grooved l i n e s  i n  b lock 3 al though they may appear 
somewhat f a i n t ,  and the grooved l i n e s  i n  blocks 6 and 7 must be i n v i s i b l e  
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when centered i n  the g r a t i c u l e  area. Blocks 4 o r  5 must be a t  l e a s t  p a r t i a l l y  
v i s i b l e  but  may vary s l i g h t l y  i n  v i s i b i l i t y  between microscopes. A microscope 

which f a i l s  t o  meet these requirements has r e s o l u t i o n  e i t h e r  too  low o r  too 
h igh  f o r  f i b e r  counting. 

(3 )  I f  image q u a l i t y  deter iorates,  clean the  microscope op t i cs .  I f  the  problem 

pe rs i s t s ,  consult the microscope manufacturer. 
11. Document the labora tory 's  p rec is ion  f o r  each counter f o r  r e p l i c a t e  f i b e r  counts. 

a. Maintain as p a r t  of the labora tory  q u a l i t y  assurance program a se t  o f  reference s l i d e s  
t o  be used on a d a i l y  basis [IS]. These s l i d e s  should cons i s t  o f  f i l t e r  p repara t ions  

inc lud ing a range o f  loadings and background dust  l e v e l s  from a v a r i e t y  of sources 
inc lud ing both f i e l d  and PAT samples. The Qua1 i t y  Assurance O f f i c e r  should ma in ta in  

custody o f  the reference s l i des  and should supply each counter w i t h  a minimum of  one 
reference s l i d e  per workday. Change the  l a b e l s  on the reference s l i d e s  p e r i o d i c a l l y  so 
tha t  the counter does not become f a m i l i a r  w i t h  the samples. 

b. From b l i n d  repeat counts on reference s l i des ,  est imate the  l abo ra to ry  i n t r a -  and 
in tercounter  sr (step 21). Obtain separate values o f  r e l a t i v e  standard d e v i a t i o n  f o r  
each sample mat r ix  analyzed i n  each o f  the fo l l ow ing  ranges: 5 t o  20 f i b e r s  i n  100 
g ra t i cu le  f i e l d s ,  >20 t o  50 f i b e r s  i n  100 g r a t i c u l e  f i e l d s ,  >SO t o  100 f i b e r s  i n  100 
g r a t i c u l e  f i e l d s ,  and 100 f i b e r s  i n  l ess  than 100 g r a t i c u l e  f i e l d s .  H a i n t a i n  con t ro l  

charts f o r  each of these data f i l e s .  
NOTE: Certa in sample matrices (e.g., asbestos cement) have been shown t o  g i v e  poor 

prec is ion  [ I61  
12. Prepare and count f i e l d  blanks along w i t h  the f i e l d  samples. Report counts on each f i e l d  blank. 

NOTE 1: The i d e n t i t y  o f  blank f i l t e r s  should be unknown t o  the counter u n t i l  a l l  counts 
have been completed . 

NOTE 2: I f  a f i e l d  blank y ie lds  greater  than 7 f i b e r s  per 100 g r a t i c u l e  f i e l d s ,  r e p o r t  
possib le contamination o f  the samples. 

13. Perform b l i n d  recounts by the same counter on 10% o f  f i l t e r s  counted ( s l i d e s  re labe led by 
a person other than the counter). Use the fo l l ow ing  t e s t  t o  determine whether a p a i r  o f  
counts by the same counter on the same f i l t e r  should be re jec ted  because o f  poss ib le  
bias: Discard the sample i f  the absolute value o f  the d i f f e rence  between the  square r o o t s  
of the two counts ( i n  f iber/mn2) excqeds 2.8 ( X )  sr, where X = the  average o f  the  
square roots o f  the two f i b e r  counts ( i n  fiber/mm2) and sr = one-half the  
intracounter r e l a t i v e  standard dev ia t ion  f o r  the appropr ia te  count range ( i n  f i b e r s )  
determined from step 11. For more complete discussions see reference [ IS ] .  
NOTE 1: Since f i b e r  counting i s  the measurement o f  randomly placed f i b e r s  which may be 

described by a Poisson d i s t r i b u t i o n ,  a square r o o t  t rans format ion  of the  f i b e r  
count dat.a w i l l  r e s u l t  i n  approximately normally d i s t r i b u t e d  data  [ I S ] .  

NOTE 2: I f  a p a i r  o f  counts i s  re jec ted by t h i s  t e s t ,  recount t he  remaining samples i n  the  
set  and t.est the new counts against  the f i r s t  counts. D iscard  a l l  r e j e c t e d  p a i r e d  
counts. I t  i s  not  necessary t o  use t h i s  s t a t i s t i c  on blank counts. 

14. The analyst  i s  a c r i t i c a l  p a r t  o f  t h i s  a n a l y t i c a l  procedure. Care n u s t  be taken t o  
provide a non-stressful and comfortable environment f o r  f i b e r  counting. An ergonomical ly  
designed cha i r  should be used, w i t h  the microscope eyepiece s i t u a t e d  a t  a comfortable 
height  f o r  viewing. External l i g h t i n g  should be se t  a t  a l e v e l  s i m i l a r  t o  t he  
i l l u m i n a t i o n  l e v e l  i n  the microscope t o  reduce eye fat igue.  I n  add i t i on ,  counters should 
take 10 t o  20 minute breaks from the microscope every one o r  two hours t o  l i m i t  f a t i g u e  
1171. During these breaks, both eye and upper back/neck exerc ises should be performed t o  
r e l i e v e  s t ra in .  

15. A l l  l abo ra to r i es  engaged i n  asbestos count ing should p a r t i c i p a t e  i n  r p r o f i c i e n c y  t e s t i n g  
program such as the AIM-NIOSH Pro f ic iency  Anaty t i  ca l  Tes t ing  (PAT) Program o r  t he  AIHA 
Asbestos Analyst Registry and r o u t i n e l y  exchange f i e l d  samples w i t h  o the r  l a b o r a t o r i e s  t o  
compare performance o f  counters. 
NOTE: OSHA requires tha t  each analyst  performing t h i s  method take the NIOSH d i r e c t  t r a i n i n g  

course a582 or  equivalent [I]. I n s t r u c t o r s  o f  equ iva lent  courses should have a t  tended 
the NIOSH #582 course a t  NIOSH w i t h i n  th ree years o f  p resent ing  an equ iva lent  course. 
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FORWULA: v a r i o u s  

M.W. : v a r i o u s  

ASBESTOS ( b u l k  1 
IIETHOD: 9002 
ISSUED: 5/15/89 

EPA Standard ( B u l k ) :  1% PROPERTIES: s o l  i d ,  f i b r o u s .  c r y s t a l l i n e ,  a n i s o t r o p i c  

SYNONYMS: a c t i n o l i t e  [CAS 113768-00-81. o r  f e r r o a c t i n o l i t e ;  c u m i n g t o n i t e - g r u n e r i t e  (amosite) 
[CAS 112172-73-51 ; a n t h o p h y l l  i t e  [CAS 117068-78-91; c h r y s o t i l e  [CAS 112001-29-51 o r  serpent ine:  
c r o c i d o l i t e  [CAS 112001-26-41 o r  r i e b e c k i t e ;  t r e m o l i t e  [CAS 114567-73-81; amphibole asbestos. 

SAMPLING IIEASUREHENT 
! 

BULK SAMPLE: 1 t o  10 grams !TECHNIQUE: MICROSCOPY, STEREO AND POLARIZED 
I LIGHT, WITH DISPERSION STAINING 

SHIPMENT: sea l  s e c u r e l y  t o  p r e v e n t  escape I 

o f  asbestos !ANALYTE: a c t i n o l i t e  asbestos.  amosite, 
I a n t h o p h y l l i  t e  asbestos,  c h r y s o t i l e ,  

SAMPLE STABILITY: s t a b l e  ! c r o c i d o l i t e ,  t r e m o l i t e  asbestos 
I 

BLANKS: none r e q u i r e d  !EQUIPMENT: microscope,  p o l a r i z e d  l i g h t :  100-400X 
I d i s p e r s i o n  s t a i n i n g  o b j e c t i v e ,  

! s t e r e o  microscope: 10-45X 
! - 
!RANGE: 1% t o  100% asbestos 

ACCURArY : 
!ESTIMATED LOD: (1% asbestos [ I ]  

RANGE STUOIED: <1X t o  100% asbes tos  ! 
!PRECISION: n o t  de te rmined  

BIAS: n o t  determined ! 

PRECISION: n o t  determined I 

I 

APPLICABILITY: T h i s  method i s  u s e f u l  f o r  t h e  q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  asbestos and t h e  
s e m i - q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  asbestos con ten t  o f  b u l k  samples. expressed as a percent  o f  
p r o j e c t e d  area.  The method measures percen t  asbestos as p e r c e i v e d  b y  t h e  a n a l y s t  i n  comparison 
t o  s tandard  a r e a  p r o j e c t i o n s .  photos,  and drawings, o r  t r a i n e d  exper ience.  The method i s  n o t  
a p p l i c a b l e  t o  samples c o n t a i n i n g  l a r g e  amounts o f  f i n e  f i b e r s  be low t h e  r e s o l u t i o n  o f  the l i g h t  
microscope. 

INTERFERENCES: Other  f i b e r s  w i t h  o p t i c a l  p r o p e r t i e s  s i m i l a r  t o  t h e  asbestos m i n e r a l s  may g i v e  
p o s i t i v e  i n t e r f r r e n c r s .  O p t i c a l  p r o p e r t i e s  o f  asbestos nay be obscured by  c o a t i n g  on the 
f i b e r s .  F i b e r s  f i n e r  t h a n  t h e  r e s g l v i n g  power of t h e  microscope (ca. 0.3 p) w i l l  n o t  be 
detected.  Heat  and a c i d  t r e a t m e n t  may a l t e r  t h e  index o f  r e f r a c t i o n  of asbestos and change i t s  

c o l o r .  

OTHER METHODS: T h i s  method ( o r i g i n a l l y  des ignated as method 7403) i s  des igned f o r  use w i t h  
NIOSH Methods 7000 (phase c o n t r a s t  microscopy)  and 7402 ( e l e c t r o n  microscopy/EDS) . The method 
i s  s i m i l a r  t o  t h e  EPA b u l k  asbes tos  method (1). 
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ASBESTOS ( b u l k  METHOD: gw 

REAGENTS : 
1. R e f r a c t i v e  index ( R I )  l i q u i d s  f o r  

D i s p e r s i o n  S t a i n i n g :  h igh-  
d i s p e r s i o n  (HD) s e r i e s ,  1.550, 

1.605. 1.620. 
2 .  R e f r a c t i v e  index l i q u i d s :  1.670, 

1.680, and 1.700. 
3. Asbestos r e f e r e n c e  samples such as 

SRM U1866. a v a i l a b l e  from t h e  
N a t i o n a l  I n s t i t u t e  o f  Standards and 
Techno1 ogy .' 

4. D i s t i l l e d  Water ( o p t i o n a l ) .  
5. Concentrated HC1: ACS reagent  

grade ( o p t i o n a l ) .  

'See SPECIAL PRECAUTIONS 

EQUIPHENT: 
1. Sample c o n t a i n e r s :  screw-top p l a s t i c  v i a l s  o f  10- 

t o  50-mL c a p a c i t y .  
2. Microscope,  p o l a r i z e d  1 i g h t ,  w i t h  p o l a r i z e r ,  

a n a l y z e r ,  p o r t  f o r  r e t a r d a t i o n  p l a t e ,  360. 
graduated r o t a t i n g  s tage,  substage Condenser w i t h  
i r i s ,  lamp, lamp i r i s ,  and: 
a. O b j e c t i v e  lenses:  \OX, 20x, and 40X o r  near  

e q u i v a l e n t  . 
b. O c u l a r  l e n s e :  10X minimum. 
c. Eyepiece r e t i c l e :  c r o s s h a i r .  
d. D i s p e r s i o n  s t a i n i n g  o b j e c t i v e  l e n s  o r  

e q u i v a l e n t .  
e. Compensator p l a t e :  ca. 550 nm 2 20 nm, 

r e t a r d a t i o n :  " f i r s t  order  red" compensator. 
3. Microscope s l i d e s :  75 mn x 25 mn. 

4. Cover s l i p s :  22 mn x 22 mn. 
5. V e n t i l a t e d  hood o r  n e g a t i v e  p ressure  g l o v e  box. 
6. H o r t a r  and p e s t l e :  agate o r  p o r c e l a i n .  
7. Stereomicroscope,  ca. 10 t o  45X. 
8. L i g h t  source: incandescent o r  f l u o r e s c e n t .  
9. Tweezers. d i s s e c t i n g  needles, spa tu las ,  probes. 

and s c a l  p e l s  . 
10. G l a s s i n e  paper  o r  c l e a n  g lass  p l a t e .  
11. Low-speed hand d r i l l  w i t h  coarse b u r r  b i t  

( o p t i o n a l  1.  

SPECIAL PRECAUTIONS: Asbestos, a  human carc inogen .  shou ld  be handled o n l y  i n  an exhaust  hood 
(equipped w i t h  a HEPA f i l t e r ) .  [2]  P r e c a u t i o n s  shou ld  be taken when c o l l e c t i n g  unknown 
samples, which may be asbestos, t o  p r e c l u d e  exposure t o  t h e  person c o l l e c t i n g  t h e  sample and 
min im ize  t h e  d i s r u p t i o n  t o  t h e  p a r e n t  m a t e r i a l  (31. Disposa l  of asbestos-conta in ing m a t e r i a l s  
shou ld  f o l l o w  EPA Gu ide l ines  [ d l .  

SAMPLING: 
1. P l a c e  1 t o  10 g o f  t h e  m a t e r i a l  t o  be ana lyzed  i n  a sample con ta iner .  

NOTE: For  l a r g e  samples (i .e. ,. whole c e i l i n g  t i l e s )  t h a t  a r e  f a i r l y  homogenous. a  
r e p r e s e n t a t i v e  smal l  p o r t i o n  s h o u l d  b e  s u b m i t t e d . f o r  a n a l y s i s .  Sample s i z e  shou ld  be 
a d j u s t e d  t o  ensure t h a t  i t  i s  r e p r e s e n t a t i v e  o f  t h e  p a r e n t  m a t e r i a l .  

2. b k e  s u r e  t h a t  sample c o n t a i n e r s  a r e  taped  so  t h e y  w i l l  n o t  open i n  t r a n s i t .  
3. S h i p  t h e  samples i n  a r i g i d  c o n t a i n e r  w i t h  s u f f i c i e n t  pack ing  m a t e r i a l  t o  p r e v e n t  damage o r  

sample l o s s .  

SAMPLE PREPARATION: 
4. V i s u a l l y  examine samples i n  t h e  c o n t a i n e r  and w i t h  low-magni f i c a t i o n  s tereomicroscope i n  

hood. ( I f  necessary, a  sample nay b e  c a r e f u l 1  y  removed from t h e  c o n t a i n e r  and p laced  on 
g l a s s i n e  t r a n s f e r  paper o r  c l e a n  g l a s s  p l a t e  f o r  examinat ion) .  Break o f f  a  p o r t i o n  o f  t h e  
sample and examine t h e  edges f o r  emergent f i b e r s .  Note the  homogeneity o f  t h e  sample. 
Some h a r d  t i l e s  can be broken. and t h e  edges examined f o r  emergent f i b e r s .  I f  f i b e r s  a r e  
found. make an  e s t i m a t e  o f  the  amount and t y p e  o f  f i b e r s  present .  c o n f i r m  f i b e r  t y p e  ( s t e p s  
6 th rough  13) and q u a n t i f y  ( s t e p s  14 t h r o u g h  16). 
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5. I n  a hood, open sample c o n t a i n e r  and w i t h  tweezers remove sma l l ,  r e p r e s e n t a t i v e  p o r t i o n s  of 
the  sample. 
a. If t h e r e  a r e  obv ious separab le  l a y e r s ,  sample and ana lyze  each l a y e r  separa te ly .  
b. If t h e  sample appears t o  be s l i g h t l y  inhomogeneous, m i x  i t  i n  t h e  sample con ta iner  w i t h  

tweezers o r  a  s p a t u l a  b e f o r e  t a k i n g  the  p o r t i o n  f o r  a n a l y s i s .  A l t e r n a t i v e l y ,  take small  
r e p r e s e n t a t i v e  p o r t i o n s  o f  each t y p e  o f  m a t e r i a l  and p l a c e  on a  g l a s s  s l i d e .  

c. On h a r d  t i l e s  t h a t  may have t h i n .  i nseparab le  l a y e r s ,  use a  s c a l p e l  t o  c u t  through a l l  
the  l a y e r s  f o r  a  r e p r e s e n t a t i v e  sample. Then c u t  i t  i n t o  s m a l l e r  p ieces  a f t e r  p l a c i n g  
R I  l i q u i d  on i t  b e f o r e  t r y i n g  t o  reduce the  th ickness .  A l t e r n a t i v e l y ,  use a  low-speed 
hand d r i l l  equipped w i t h  a  b u r r  b i t  t o  remove m a t e r i a l  f rom h a r d  t i l e s .  Avoid excessive 
h e a t i n g  o f  t h e  sample which may a l t e r  the  o p t i c a l  p r o p e r t i e s  o f  t h e  m a t e r i a l .  
NOTE: T h i s  t y p e  o f  sample o f t e r  r e q u i r e s  ash ing  o r  o t h e r  s p e c i a l i z e d  p repara t ion .  

d. I f  t h e  sample has l a r g e ,  h a r d  p a r t i c l e s ,  g r i n d  i t  i n  a  m o r t a r .  Do n o t  g r i n d  so f i n e  

t h a t  f i b e r  c h a r a c t e r i s t i c s  a r e  dest royed.  
e. If necessary,  t r e a t  a  p o r t i o n  of t h e  sample i n  a  hood w i t h  an a p p r o p r i a t e  so lven t  t o  

remove b i n d e r s ,  t a r s ,  and o t h e r  i n t e r f e r i n g  m a t e r i a l s  which may be p r e s e n t  i n  the 

sample. Make c o r r e c t i o n s  f o r  t h e  non-asbestos m a t e r i a l  removed by t h i s  process. 

NOTE: Other  methods o f  sample p r e p a r a t i o n  such as a c i d  and sodium metaphosphate 
t r e a t m e n t  and a s h i n g  a r e  n o t  n o r m a l l y  necessary. However, i f  needed, use as descr ibed 
i n  Reference [ I ] .  

6. A f t e r  p l a c i n g  a  few drops of R I  l i q u i d  on the  s l i d e ,  p u t  a  sma l l  p o r t i o n  o f  sample i n  the  
l i q u i d .  Tease a p a r t  w i t h  a  needle o r  smash smal l  clumps w i t h  t h e  f l a t  end of a  spa tu la  o r  
probe. p r o d u c i n g  a  u n i f o r m  t h i c k n e s s  o f  p a r t i c l e s  so t h a t  b e t t e r  es t imates  o f  p r o j e c t e d  
area percentages can be made. Mix t h e  f i b e r s  and p a r t i c l e s  on t h e  s l i d e  so t h a t  they a re  - 
as homogeneous as p o s s i b l e .  
NOTE: An even d i s p e r s i o n  o f  sample shou ld  cover  the  e n t i r e  a rea  under  t h e  cover  s l i p .  Some 

p r a c t i c e  w i l l  be necessary t o  judge the  r i g h t  amount o f  m a t e r i a l  t o  p lace  on the 
s l i d e .  Too l i t t l e  sample may n o t  g i v e  s u f f i c i e n t  i n f o r m a t i o n  and t o o  much sample 
cannot  be e a s i l y  analyzed.  

CALIBRATION AND QUALITY CONTROL: 
7. Check f o r  c o n t a m i n a t i o n  o f  microscope s l i d e s ,  cover  s l i p s  and r e f r a c t i v e  index l i q u i d s  once 

p e r  day o f  o p e r a t i o n .  Record r e s u l t s  i n  a  separate logbook. 
8. V e r i f y  t h e  r e f r a c t i v e  i n d i c e s  o f  t h e  r e f r a c t i v e  index  l i q u i d s  used once p e r  week o f  

opera t ion .  Record these  checks i n  a  separate logbook. 

9. F o l l o w  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  f o r  i l l u m i n a t i o n ,  condenser a1 i gnment and o ther  
microscope adjustments.  P e r f o m  these adjustments p r i o r  t o  each sample s e t .  

10. D e t e r n i n e  p r e c e n t  o f  each i d e n t i f i e d  asbestos species by compar is ion  t o  s tandard 
p r o j e c t i o n s  ( F i g u r e  1) [ I ] .  If no f i b e r s  a r e  d e t e c t e d  i n  a  homogeneous sample, examine a t  
l e a s t  two a d d i t i o n a l  p r e p a r a t i o n s  be fo re  conc lud ing  t h a t  no asbes tos  i s  p resen t .  

11. I f  i t  appears t h a t  t h e  prepar .at ion technique migh t  n o t  be a b l e  t o  produce r homogeneous o r  
r e p r e s e n t a t i v e  sample on  t h e  s l i d e ,  prepare a  d u p l i c a t e  s l i d e  and average t h e  r e s u l t s .  
O c c a s i o n a l l y ,  h e n  t h e  d u p l i c a t e  r e s u l  t s  v a r y  g r e a t l y ,  i t  w i l l  b e  necessary t o  prepare 
a d d i t i o n a l  r e p l i  c a t @  s l i d e s  and average a l l  t h e  rep1 i c a t e  r e s u l t s .  Prepare d u p l i c a t e  
s l i d e s  o f  a t  l e a s t  10% o f  t h e  s m p l e s  analyzed. Average t h e  r e s u l t s  f o r  repor t ing .  

12. Analyze abou t  5% b l i n d  samples o f  known asbestos content .  
13. L a b o r a t o r i e s  p e r f o r a i n g  t h i s  a n a l y t i c a l  method shou ld  p a r t i c i p a t e  i n  t h e  N a t i o n a l  Voluntary 

L a b o r t o r y  A c c r e d i t a t i o n  P r o g r m  [5] o r  r s i m i l a r  i n t e r l a b o r a t o r y  qua1 i t y  c o n t r o l  program. 
Each a n a l y s t  s h o u l d  have completed f o r n r l  t r a i n i n g  i n  p o l a r i z e d  l i g h t  microscopy and i t s  
a p p l i c a t i o n  t o  c r y s t a l l i n e  m a t e r i a l s .  I n  1 i e u  o f  fo rma l  t r a i n i n g ,  1 abora to ry  t r a i n i n g  i n  
asbes tos  b u l k  a n a l y s i s  under  t h e  d i r e c t i o n  o f  a  t r a i n e d  asbes tos  b u l k  a n a l y s t  may be 
s u b s t i t u t e d .  Due t o  t h e  s u b j e c t i v e  na tu re  of t h e  method, f r e q u e n t  p r a c t i c e  i s  essen t ia l  i n  
o r d e r  t o  remain p r o f i c i e n t  i n  e s t i m a t i n g  p r o j e c t e d  a r e a  percentages.  
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QUALITATIVE ASSESSMENT: 
14. Scan t h e  s l i d e  t o  i d e n t i f y  any asbestos m i n e r a l s  u s i n g  the o p t i c a l  p r o p e r t i e s  o f  

morphology, r e f r a c t i v e  i n d i c e s ,  c o l o r ,  p leochro ism. b i r e f r i n g e n c e .  e x t i n c t i o n  
c h a r a c t e r i s t i c s ,  s i g n  o f  e l o n g a t i o n ,  and d i s p e r s i o n  s t a i n i n g  c h a r a c t e r i s t i c s .  
NOTE: I d e n t i f i c a t i o n  o f  asbestos u s i n g  p o l a r i z e d  1  i g h t  microscopy i s  u n l i k e  most o t h e r  

a n a l y t i c a l  methods. The qua1 i t y  o f  t h e  r e s u l t s  i s  dependent on t h e  s k i l l  and 
judgment o f  the  a n a l y s t .  T h i s  method does n o t  l e n d  i t s e l f  e a s i l y  t o  a  step-wise 
approach. Var ious procedures dev ised by d i f f e r e n t  ana lys ts  may y i e l d  e q u i v a l e n t  

r e s u l t s .  The f o l l o w i n g  s tep-wise procedure r e p e a t e d l y  u t i l  i t e s  t h e  sample 

p r e p a r a t i o n  procedure p r e v i o u s l y  o u t l i n e d .  
a. Prepare a  s l i d e  u s i n g  1.550 HD R I  l i q u i d .  A d j u s t  t h e  p o l a r i z i n g  f i l t e r  such t h a t  t h e  

p o l a r s  a r e  p a r t i a l l y  crossed, w i t h  ca. I S *  o f f s e t .  Scan the p repara t ion .  examin ing t h e  
morphology f o r  the  presence o f  f i b e r s .  I f  no f i b e r s  a re  found. scan t h e  a d d i t i o n a l  

p r e p a r a t i o n s .  I f  no f i b e r s  a r e  found i n  any o f  t h e  preparat ions.  r e p o r t  t h a t  t h e  sample 
does n o t  c o n t a i n  asbestos, and s t o p  t h e  a n a l y s i s  a t  t h i s  po in t .  

b. I f  f i b e r s  a r e  found, a d j u s t  t h e  p o l a r i z i n g  f i l t e r  such t h a t  the  p o l a r s  a r e  f u l l y  
crossed. I f  a l l  o f  t h e  f i b e r s  a r e  i s o t r o p i c  (d isappear  a t  a l l  angles  o f  r o t a t i o n )  then  
those  f i b e r s  a r e  n o t  asbestos. F ib rous  g l a s s  and minera l  wool, which a r e  common 
components o f  suspect samples, a r e  i s o t r o p i c .  If o n l y  i s o t r o p i c  f i b e r s  a r e  found i n  t h e  
a d d i t i o n a l  p r e p a r a t i o n s ,  r e p o r t  no asbestos f i b e r s  detected,  and s t o p  t h e  a n a l y s i s .  

c. If a n i s o t r o p i c  f i b e r s  a r e  found, r o t a t e  t h e  s tage t o  determine the  ang le  o f  e x t i n c t i o n .  
Except  f o r  t r e m o l i t e - a c t i n o l i t e  asbestos which has o b l i q u e  e x t i n c t i o n  a t  10-20.. t h e  
o t h e r  forms o f  asbestos e x h i b i t  p a r a l l e l  e x t i n c t i o n .  Tremol i t e  may show b o t h  p a r a l l e l  - 
and o b l i q u e  e x t i n c t i o n .  

d. I n s e r t  t h e  f i r s t - o r d e r  r e d  compensator p l a t e  i n  t h e  microscope and de te rmine  t h e  s i g n  o f  
e l o n g a t i o n .  A l l  forms o f  asbestos have a  p o s t i v e  s i g n  of e longa t ion  except  f o r  
c r o c i d o l  i t e .  I f  t h e  s i g n  o f  e l o n g a t i o n  observed i s  negat ive,  go t o  s t e p  "gU. 
NOTE: To determine t h e  d i r e c t i o n  o f  t h e  s i g n  o f  e l o n g a t i o n  on a  p a r t i c u l a r  microscope 

c o n f i g u r a t i o n ,  examine a  known c h r y s o t i l e  sample and note the  d i r e c t i o n  (NE-SW o r  
NU-SE) o f  t h e  b l u e  c o l o r a t i o n .  C h r y s o t i l e  has a  p o s i t i v e  s i g n  o f  e l o n g a t i o n .  

e. Remove t h e  f i r s t - o r d e r  r e d  compensator and uncross the  p o l a r i z e r .  Examine under  p l a n e  
p o l a r i z e d  l i g h t  f o r  b l u e  and gold-brown Becke c o l o r s  a t  the f i b e r - o i l  i n t e r f a c e  ( i  .e.. 
i n d e x  o f  r e f r a c t i o n  match): Becke c o l o r s  a r e  n o t  always ev ident .  Examine f i b e r  
morphology f o r  tw is ted ,  wavy bundles o f  f i b e r s  wh ich  a r t  c h a r a c t e r i s t i c  o f  c h r y s o t i l e .  
Twisted,  r i  bbon-1 i k e  morphology w i t h  c e l l u l a r  i n t e r n a l  features may i n d i c a t e  c e l l u l o s e  
f i b e r s .  I t  may be necessary t o  c ross  t h e  p o l a r s  p a r t i a l l y  i n  o rder  t o  see t h e  f i b e r s  i f  
t h e  index  o f  r e f r a c t i o n  i s  an e x a c t  match a t  1.550. If the f i b e r s  appear t o  have h i g h e r  
i n d e x  o f  r e f r a c t i o n ,  go 40 s t e p  "ha, o t h e r w i s e  con t inue .  

f. I d e n t i f i c a t i o n  o f  c h r y s o t i l e .  I n s e r t  t h e  d i s p e r s i o n  s t a i n i n g  o b j e c t i v e .  Observ ing  
d i s p e r s i o n  s t a i n i n g  c o l o r s  o f  b l u r  and blue+nagenta c o n f i  rns c h r y s o t i l e .  C e l l u l o s e ,  
wh ich  i s  a  connon i n t e r f e r i n g  f i b e r  a t  t h e  1.550 index of r e f r a c t i o n .  w i l l  n o t  e x h i b i t  
t h e s e  d i s p e r s i o n  s t a i n i n g  c o l o n .  I f  c h r y s o t i l e  i s  found, go t o  s t e p  15 f o r  
q u a n t i t a t i v e  est imat ion.  - 

9. I d e n t i f i c a t i o n  o f  c r o c f d o l i t e i  Prepare a  s l i d e  i n  1.700 R I  l i q u i d .  Examine under  
p l a n e - p o l a r i  zed 1  i g h t  (uncrossed p o l a r s ) ;  check f o r  morphology o f  c r o c i d o l  i t e .  F i b e r s  
w i l l  be s t r a i g h t ,  w i t h  r i g i d  appearance, and my appear b l u e  o r  purple-blue. 
C r o c i d o l i t e  i s  p leochro ic ,  i . e . ,  i t  w i l l  appear t o  change i t s  c o l o r  ( b l u e  o r  g r a y )  as i t  
i s  r o t a t e d  through p lane  p o l a r i z e d  l i g h t .  I n s e r t  t h e  d ispers ion  s t a i n i n g  o b j e c t i v e .  
The c e n t r a l  s t o p  d i s p e r s i o n  s t a i n i n g  c o l o r s  a r e  r e d  magenta and b l u e  magenta, however 
t h e s e  c o l o r s  a r e  sometimes d i f f i c u l t  t o  i m p o s s i b l e  t o  see because o f  t h e  o p a c i t y  o f  t h e  
d a r k  b l u e  f i b e r s .  I f  o b s e n a t i o n s  above i n d i c a t e  c r o c i d o l i t e ,  go t o  s t e p  15 f o r  
q u a n t i t a t i v e  es t imat ion .  ' 
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h. I d e n t i f i c a t i o n  o f  amosite. Prepare a  s l i d e  i n  1.680 R I  l i q u i d .  Observe t h e  f i b e r  
morphology f o r  amosi t e  c h a r a c t e r i s t i c s :  s t r a i g h t  f i b e r s  and f  i b e t  bundles w i t h  
broom-l ike o r  splayed ends. I f  the morphology matches amosi te ,  examine t h e  f i b e r s  u s i n g  
the  d i s p e r s i o n  s t a i n i n g  o b j e c t i v e .  B lue  and p a l e  b l u e  c o l o r s  i n d i c a t e  t h e  cumningtoni te  
form o f  amosite, and g o l d  and b l u e  c o l o r s  i n d i c a t e  t h e  g r u n e r i t e  fonn o f  amosite. If 
amosi te  i s  conf irmed by t h i s  t e s t ,  go t o  s tep  15 f o r  q u a n t i t a t i v e  e s t i m a t i o n ,  o therw ise  
con t inue .  

i. I d e n t i f i c a t i o n  of anthoph~llite-tremolite-actinolite. Prepare a  s l i d e  i n  1.605 HD R I  
l i q u i d .  Examine morphology f o r  comparision t o  anthophyllite-tremolite-actinolite 
asbestos. I h e  r e f r a c t i v e  i n d i c e s  f o r  these forms o f  asbestos v a r y  n a t u r a l l y  w i t h i n  t h e  

species. A n t h o p h y l l i t e  can be d i s t i n g u i s h e d  f rom a c t i n o l i t e  and t r e m o l i t e  by i t s  n e a r l y  
p a r a l l e l  e x t i n c t i o n .  A c t i n o l  i t e  has a  l i g h t  t o  dark green c o l o r  under p lane-po la r i zed  
l i g h t  and e x h i b i t s  some p leochro ism. f o r  a l l  th ree ,  f i b e r s  w i l l  be s t r a i g h t .  s i n g l e  
f i b e r s  p o s s i b l y  w i t h  some l a r g e r  composite f i b e r s .  Cleavage f ragments may a l s o  be 
present .  Examine u s i n g  t h e  c e n t r a l  s top  d i s p e r s i o n  s t a i n i n g  o b j e c t i v e .  A n t h o p h y l l i t e  
w i l l  e x h i b i t  c e n t r a l  s top  c o l o r s  o f  b l u e  and gold/gold-magenta; t r e m o l i  t e  w i l l  e x h i b i t  
p a l e  b l u e  and ye l low;  and a c t i n o l i  t e  w i l l  e x h i b i t  magenta and golden-yel low co lo rs .  
NOTE: I n  t h i s  r e f r a c t i v e  index  range, w o l l a s t o n i t e  i s  a  conmon i n t e r f e r i n g  m i n e r a l  w i t h  

s i m i l  i a r  morphology i n c l u d i n g  the  presence o f  c leavage fragments. I t  has b o t h  
p o s i t i v e  and nega t i ve  s i g n  of e longa t ion ,  p a r a l l e l  e x t i n c t i o n ,  and c e n t r a l  s t o p  
d i s p e r s i o n  s t a i n i n g  c o l o r s  of p a l e  y e l l o w  and p a l e  y e l l o w  t o  magenta. I f  f u r t h e r  
c o n f i r m a t i o n  of w o l l a s t o n i t e  versus a n t h o p h y l l i t e  i s  needed, go t o  s t e p  "j". I f  
any o f  the  above forms o f  asbestos was confirmed above, go t o  s t e p  15 f o r  - 
q u a n t i t a t i v e  e s t i m a t i o n .  I f  none o f  the t e s t s  above con f i rmed asbestos f i b e r s ,  
examine the  a d d i t i o n a l  p repara t ions  and if t h e  same r e s u l t  occurs,  r e p o r t  t h e  
absence o f  asbestos i n  t h i s  sample. 

j. Wash a  smal l  p o r t i o n  of t h e  sample i n  a  drop of concen t ra ted  h y d r o c h l o r i c  a c i d  on a  
s l i d e .  P lace t h e  s l i d e ,  w i t h  cover  s l i p  i n  p lace ,  on a  w a n  h o t  p l a t e  u n t i l  d ry .  By 
c a p i l l a r y  a c t i o n ,  p lace  1.620 R I  l i q u i d  under the  cover  s l i p  and examine t h e  s l i d e .  
Wo l las ton i  t e  f i b e r s  w i l l  have a  "cross-hatched" appearance ac ross  t h e  l e n g t h  o f  the  
f i b e r s  and rill n o t  show c e n t r a l  s top  d i s p e r s i o n  co lo rs .  A n t h o p h y l l  i t e  and t r e m o l i t e  
w i l l  s t i l l  show t h e i r  o r i g i n a l  d4spers ion co lo rs .  

NOTE: There a r e  a l t e r n a t i v e  a n a l y s i s  procedures t o  t h e  step-wise approach o u t l i n e d  above 
which w i l l  y i e l d  e q u i v a l e n t  r e s u l t s .  Some of these a l t e r n a t i v e s  are:  
i. P e r f o m  t h e  i n i t i a l  scan f o r  the presence o f  asbestos u s i n g  c rossed  p o l a r s  as 

w e l l  as t h e  f i r s t - o r d e r  red  compensator. Th is  a l l o w s  f o r  r i m u l  taneous v i e w i n g  
o f  b i r e f r i n g e n t  and amorphous m a t e r i a l s  as w e l l  as d e t e r m i n i n g  t h e i r  s i g n  o f  
e longat ion. .  Some f i b e r s  which a re  covered w i t h  m o r t a r  may b e s t  be observed 
u s i n g  t h i s  c o n f i g u r a t i o n .  

ii. Some a n a l y s t s  p r e f e r  t o  mount t h e i r  f i r s t  p r e p a r a t i o n  i n  a  R I  l i q u i d  
d i f f e r e n t  than  any asbestos m a t e r i a l s  and conduct t h e i r  i n i  t i a l  examinat ion 
under p lane-po la r i zed  1  i g h t .  

iii. I f  a l t e r n i t i v e  R I  l i q u i d s  a r e  used from those s p e c i f i e d ,  d i s p e r s i o n  s t a i n i n g  
c o l o r s  observed w i l l  a l s o  change. Refer  t o  an a p p r o p r i a t e  r e f e r e n c e  f o r  t h e  
s p e c i f i c  c o l o r s  assoc ia ted  w i t h  asbestos i n  t h e  R I  l i q u i d s  a c t u a l l y  used. 

QUANTITATIVE ASSESSHENT: 
15. Es t imate  t h e  con ten t  of t h e  asbestos t ype  Present i n  t h e  sample u s i n g  t h e  1.550 R I  

p r e p a r a t i o n .  Express t h e  e s t i m a t e  as an area percen t  o f  a l l  m a t e r i a l  p resen t .  t a k i n g  i n t o  
account  t h e  l o a d i n g  and d i s t r i b u t i o n  of a l l  sample m a t e r i a l  on t h e  s l i d e .  Use F i g u r e  1 as 
an a i d  i n  a r r i v i n g  a t  your es t imate .  I f  a d d i t i o n a l  u n i d e n t i f i e d  f i b e r s  a r e  p r e s e n t  i n  t h e  
sample, con t inue  w i t h  t h e  qua1 i t a t i v e  measurement ( s t e p  14). 
NOTE: Po in t -coun t ing  techniques t o  determine percentages of t h e  asbes tos  m i n e r a l s  a r e  n o t  

genera l  1 y  recommended. The po i  n t -count ing method on1 y  produces a c c u r a t e  q u a n t i t a t i v e  
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data when the  m a t e r i a l  on the  s l i d e  i s  homogeneous and has a u n i f o r m  t h i c k n e s s ,  which 
i s  d i f f i c u l t  t o  o b t a i n  [6 ] .  The p o i n t - c o u n t i n g  techn ique  i s ,  recornended by the EPA 
t o  determine the amount o f  asbestos i n  b u l k  (I]; however i n  the  more r e c e n t  Asbestos 
Hazard Emergency Response Ac t  (AHERA) r e g u l a t i o n s ,  asbestos q u a n t i f i c a t i o n  may be 
performed by a po in t -coun t ing  o r  e q u i v a l e n t  e s t i m a t i o n  method (71. 

16. Make a q u a n t i t a t i v e  es t imate  o f  the  asbestos con ten t  o f  t h e  Sample from the  a p p r o p r i a t e  
combinat ion o f  t h e  est imates f rom b o t h  the  gross and m i c r o s c ~ p i c  examinat ions.  I f  asbestos 
f i b e r s  a re  i d e n t i f i e d ,  r e p o r t  the  m a t e r i a l  as Nasbestos-containing' l .  Asbestos c o n t e n t  
should be repor ted  as a range o f  pe rcen t  con ten t .  The range r e p o r t e d  shou ld  be i n d i c a t i v e  
of the  a n a l y s t ' s  p r e c i s i o n  i n  e s t i m a t i n g  asbestos c o n t e n t .  F o r  g r e a t e r  q u a n t i t i e s  use 

F igure  1 i n  a r r i v i n g  a t  your  est imate.  

EVALUATION OF METHOD: 
The method i s  compi led from standard techniques used i n  m i n e r a l o g y  [8-131, and f r o m  s tandard  
l a b o r a t o r y  procedures f o r  b u l k  asbestos a n a l y s i s  which have been u t i l i z e d  f o r  s e v e r a l  years.  
These techniques have been s u c c e s s f u l l y  a p p l i e d  t o  t h e  a n a l y s i s  o f  EPA B u l k  Sample A n a l y s i s  
Q u a l i t y  Assurance Program samples f o r  more than  8 years [1 ,5] .  However, no formal  e v a l u a t i o n  
o f  t h i s  method. as w r i t t e n ,  has been performed. 
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Table 1. O p t i c a l  P r o p e r t i e s  o f  Asbestos F i b e r s  

R e f r a c t i v e  Index 
( A ~ p r o x i r n a t e  Va lues)  

1 t o  II t o  
H i  n e r a l  Morphology and Co lo r  E l  ongat  i on Elonga, t ion B i  r e f  r i  ngence 

C h r y s o t i l e  Wavy f i b e r s  w i t h  k i n k s .  1.54 
Splayed ends on l a r g e r  
bundles. Col o r1  ess t o  
l i g h t  brown upon b e i n g  
heated. Nonpl eochro i  c. 
Aspect r a t i o  t y p i c a l l y  
>10:1. 

Cumningtoni te-  S t r a i g h t  f i b e r s  and 1.67 1.70 0.02 - 0.03 
Gruner i  t e  f i b e r  bundles. Bundle 
(Amosi t e )  ends appear broom-1 i ke 

o r  splayed. C o l o r l e s s  
t o  brown upon hea t ing .  
May be weak1 y p l e o c h r o i  c. 
Aspect r a t i o  t y p i c a l l y  - 
>ro:i. 

Croc i  do1 i t e  S t r a i g h t  f i b e r s  and f i b e r  ' 1.71 1.70 0.014 - 0.016 
(R iebeck i  t e )  bundles. Longer f i b e r s  I n t e r f e r e n c e  

show curva tu re .  Splayed. c o l o r s  may be 
ends on bundles . masked by  
C h a r a c t e r i s t i c  b l u e  color:. . b l u e  c o l o r .  
P leochro ic .  Aspect r a t i o .  
t y p i c a l l y  >10:1.:. ' -'-:. 

-:u.:t:. " - ' " 

Anthophy l l  i t e  S t r a i g h t  ' f f b e r r :  +nd f i b e r .  1.61 1.63 .019 - .024 
bundl  rs, c l  eavrp i  ,.:. .'.. .> '.I. .. 
f r r p n t s , '  ibay_,k. prerent.ry, 
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CALIBRATlON OF MONITORING INSTRUMENTS FOR HEALTH AND SAFETY 

wv 

It is essential that each piece of air quality monitoring equipment be calibrated on a 
routine basis. This assures that a given monitoring instrument is both working and 
working with a reasonable degree of accuracy. This operating procedure outlines 
required calibration frequencies and techniques. The manufacturer's instructions for 
calibration should be kept at the site and consulted when calibrating monitoring 
instruments. 

FREQUENCY OF CALIBRATION 

The following instruments must be calibrated daily before use: 

Combustible Gas Indicator (CGI) 
Oxygen Meter 
HNu Photoionitation Detector, Model PI101 (HNu PID) 
(As well as other photoionization detectors such as the Photovac TIP, AID OVM, 

etc.) 
Foxboro Organic Vapor Analyzer Flame Ionization Detector (OVA FID) 

Air Sampling Pumps 

The following instruments require an annual factory calibration: 

Radiation Survey Meter 

CALIBRATION TECHNIQUES 

Combustible Gas Jildicator 

CGI's are both separate instruments or multi-purpose instruments (CGIIO,, CGI/02/H2S, 
etc.). CGI's are calibrated using a variety of different organic compounds. The most 
common of these are methane, hexane, and pentane. Allow a few minutes for 
instrument warmup prior to calibration. The calibration for a CGI is normally 
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performed by attaching a cylinder of "factory" calibration gas to the CGI inlet or 
blanketing the CGI detector element (element) with an atmosphere from a calibration 
gas cylinder. The CGI readout is then set to that value using whatever device (set-screw, 
etc.) the CGI possesses to adjust the instrument to the calibration value. 

Depending on which calibration gas is used for a particular CGI, the instrument 
manufacturer normally provides data on the relative response of other organic solvents 
relative to the "factofl calibration. For example, a CGI calibrated for methane could 
be used to measure benzene, if the manufacturer supplies a relative response curve for 
that compound. Of course, most solvent measurements are of mixtures and it is often 

diKicult to accurately assess these mixtures. This is one reason that CGI's are normally 
set to alarm at conservative levels (usually 20 percent of the Lower Exposure Limit 
(LEL) of the organic compound chosen as the calibration standard). 

&pen Meter 

The meter should be allowed to warm up for a few minutes prior to calibration. A 
cylinder of calibration gas (typically containing 17 percent oxygen and 25,000 parts per 
million (ppm) methane) is attached to the meter inlet. (In the case of passive air flow 
instruments, a hood or cover is placed over the detectors and this in turn is connected 
to the calibration gas.) Calibration to 21 percent of 0, may also be performed using 

ambient air. 

The calibration gas is turned on and is allowed to stabilize for 15 to 30 seconds. The 
meters are then adjusted (following manufacturer's instructions) to proper calibration. 

This usually involves adjusting a set screw at the base of the meter. The instrument 

should then be rechecked for proper return to zero. 

HNu Photoionization Detector, Model PI 101 H N u  PID) 

The instrument is turned to the battery check position first. Assuming proper charge, 
the main control switch is set to the standby position using the zero knob. The 
instrument is then allowed to warm up for about five minutes in the standby mode. The 

calibration gas (usually isobutylene from the HNu factory) is attached to the probe by 
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a flexible hose. The proper range setting is selected (usually 0 to 200 ppm) and the 

91Y' calibration gas turned on. 

The gas flows through an orifice which reduces its flow rate to the proper rate for 
calibration purposes. The normal factory calibration of this instrument is for benzene 
in air. Isobutylene is used for normal calibration because it is less toxic. The relative 

response of isobutylene as compared to benzene is about 70 percent with the 10.2 eV 
and 11.7 eV lamps (there is a slight difference between the relative response of the two 
different energy probes, but it is not considered significant for mosi. field calibration 
purposes). Accordingly, a bottle of isobutylene calibration gas that contains 100 ppm 
isobutylene will read out at about 70 ppm on a factory calibrated instrument. A bottle 
of factory calibration gas will state the proper readout on the instrument "as benzene." 

If the instrument does not calibrate exactly, the span pot knob is normally adjusted to 

bring the instrument into calibration. The normal "factory" settings are 9.8 for the 10.2 

eV lamp and 5.0 for the 11.7 eV lamp. If the instrument cannot be brought into 
calibration by using the span pot knob, the lamp may need to be cleaned or other 
maintenance items performed so that the unit will calibrate accurately. 

qll)r 

Foxboro Organic Vapor Analyzer Flame Ionization Detector (OVA FID) 

The instrument must first be checked for adequate hydrogen supply and battery charge. 
It should then be started up and stabilized for about five minutes with the flame lit. The 

calibration gas (usually 100 ppm methane) is then attached to the probe inlet. The span 
pot is adjusted to bring the instrument into proper calibration (using the XI0 scale). 

Periodic Instrument Resmnse Checks 

It is important that each piece of monitoring equipment be checked occ~sionally during 
its use to determine that it is responding to contaminants. For the CGI/02 meter, this 

can be done by exhaling on the 0, sensor (exhaled air has less than 18 percent oxygen) 

periodically to check for proper alarming. A butane lighter or "Zippo" lighter can be 
used as a source to check for proper alarming of the CGI element. 
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The HNu PID should periodically be exposed to a magic marker or Zippo lighter to 
check response. 

A butane lighter or magic marker works well to demonstrate that the OVA FID is 
responding. 

These "response checks" are key to providing confidence to the user that the instrument 
is at least functioning and responding to contaminants. 

The same type of response check can be performed with the radiation meter using low 
level test sources with the appropriate type of probe (alpha, beta, or gamma). 
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WOODWARD - CLYDE CONSULTANTS CG1 Serial No. 

SUMMARY OF GASTECH TRIPLE DETECTOR (CGI) MEASUREMENTS 
DATE: 
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PHILLIP L JONES health & safety administration 
industrial hygiene 
health & safety training 

EDUCATION 

Temple University: M.S., Industrial Hygiene, 1977 
Houghton College: B.A., Chemistry, 1974 

REGISTRATION 

Certified Industrial Hygienist (CIH) in Comprehensive Practice by the American Board 
of Industrial Hygiene, 1981, Certificate #2116 

PROFESSIONAL HISTORY 

Woodward-Clyde Consultants, Associate, 1989-present; Corporate Health & Safety 
Administrator, 1985-1989 
Johnson Matthey. Inc., Manager, Safety and Health, 1979-1985 
PMA Insurance Company, Industrial Hygienist, 1977-1979 
City of Philadelphia, Water Quality Chemist, 1975-1976 

REPRESENTATIVE EXPERIENCE 

w Mr. Jones' twelve years of experience in occupational health/ industrial hygiene includes 
safety and health management at chemical process plants (Johnson Matthey, Inc.), 
industrial hygiene assistance to manufacturing facilities (PMA Insurance Company), as 
well as extensive experience in hazardous waste health and safety. Air sampling, noise 
monitoring, radiation monitoring, asbestos sampling, and related hazard evaluation 
techniques have been utilized by Mr. Jones for a broad range of work environments. In 
addition to the technical aspects of industrial hygiene, expertise in training, regulatory 
compliance, and health and safety administration is noted. 

Mr. Jones' most extensive experience is in health and safety training. Training 
experience at Johnson Matthey, Inc. included RCRA hazardous waste safety training, 
management seminars on safety and health, worker training on specific hazards (lead, 
drum handling, platinum allergy, asbestos, etc.), hazard communication classes, and 
seminars for industrial hygiene graduate students. Over 100 training courses for workers 
at hazardous material sites have been organized and conducted by Mr. Jones since 
joining Woodward-Clyde Consultants. These 40-hour courses (mandated by OSHA 
1910.120) include a combination of lecture and hands-on workshops with course 
locations including Anchorage, Baton Rouge, Chicago, Denver, Houston, Kansas City, 
Las Vegas, Los Angeles, New Mexico, Philadelphia, San Diego, and San Francisco. 
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PHILLIP L JONES Page 2 

Project experience in hazardous waste includes preparation of health and safety plans 
for remedial cleanup projects and remedial investigations. Sites have included the Rocky 
Mountain Arsenal (Colorado), Nike Missile sites (Pennsylvania, Maryland, Virginia), 
waste incineration site (Louisiana), construction operations at hazardous waste sites 
(New York), and a solvent cleanup site (New York). As Corporate Health and Safety 
Administrator, Mr. Jones has reviewed and approved over two hundred site-specific 
safety and health plans. Site audits are conducted to evaluate health and safety plan 
implementation. 

As administrator of Woodward-Clyde Consultants health and safety program, the 
responsibilities include coordination of the medical surveillance and training programs 
for twenty-six offices, regular updating of the Health and Safety Manual, investigation 
of incidents, routine regulatory review, health and safety policy development, health and 
safety plan approval, and program record keeping. 

Mr. Jones' industrial hygiene experience includes extensive studies in secondary metals 
refining (platinum group metals, lead, silver, gold), specialty chemicals, pharmaceutical 
manufacturing, and catalyst manufacturing. Additional experience is noted in oil 
refineries, pigment manufacturing, semiconductor production, textile manufacturing, 
electroplating, foundries, and asbestos abatement. 

Regulatory experience includes preparation of contingency plans for compliance with the 
Resource Conservation and Recovery Act (RCRA) and preparation of a product applica- 
tion under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA). Over 
twenty separate OSHA inspections were handled while at Johnson Matthey, Inc. 
including five contested citations. Hazardous waste health and safety regulatory 
experience includes work with EPA and the Corps of Engineers on site-specific health 
and safety plans. 

RECENT PRESENTATIONS 

Construction Health and Safety at Hazardous Waste Sites. American Industrial 
Hygiene Conference, June 1, 1987. 

Interpreting OSHA's Hazardous Waste Workers Standard. American Public Health 
Association Meeting (Occupational Health and Safety Section), April 24, 1987. 

Hazardous Waste Health and Safety Training for Blue Collar Workers. American 
Industrial Hygiene Conference, May 17, 1988. 
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PHILLIP L JONES 
'W 

Hazardous Waste Health and Safety for Consulting Firms. Hazardous Waste Action 
Coalition Meeting, November, 1987. 

AFFILIATIONS 

American Industrial Hygiene Association 
American Society of Safety Engineers 
American Academy of Industrial Hygiene 
Hazardous Waste Action Coalition, Health and Safety Committee 
National Environmental Training Association 
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ERICK SEPULVEDA 

'Yllv 

health and safety 
risk assessment 

EDUCATION 

State University of New York at Stony Brook; B.S., Chemistry, Minor Biology, 1984 

PROFESSIONAL HISTORY 

Woodward-Clyde Consultants, Senior Staff Scientist, 1991-present 
James C. Anderson Associates, Inc., Health and Safety, Assistant Project Manager, 1990- 

1991 
Pall Corporation, Sr. Test Engineer, New Market Development, R&D Staff, 1984-1990 

Hazardous Waste Management, 1986 
Industrial Hydraulics and Pneumatic Systems, 1986 
Advance Hazardous Waste Management (Level AD), 1986 
FT-IR Instrumentation and Analytical Evaluation, 1987 
Basic Health and Safety Training, 1989 
Site Supervisor Training, 1990 
Air/Stack Sampling, Monitoring and Assessment, 1991 
EPA/AHERA/NYState Building Inspector/Restricted 111, 1991 

iqllY 
REPRESENTATIVE EXPERIENCE 

Health and Safety; 

Mr. Sepulveda is the Health and Safety Officer for the New York Metropolitan Business 
Units. As such, he is responsible for the development of Health and Safety Plans which 
are site specific and meet all the compliance requirements established by WCC internal 
policies as well as the regulations stipulated under local, state and federal regulations. 
Mr. Sepulveda also supports WCC internal programs, OSHA and medical monitoring. 
He has received Level A, B, C and D training and has extensive experience in confined 
space entry work including above and below ground storage tanks, sewers and water 
supply tunnels. 

Mr. Sepulveda is involved in Health and Safety activities involving sanitary landfills as 
well as hazardous waste sites, drum sampling, classification, bulking and final disposal. 

In addition to lanclfills and hazardous waste sites, he has been involved in a number of 
road and rail projects where extensive monitoring of the ambient air, water and soil is 
demanded due to the presence of toxic materials. 
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Mr. Sepulveda has extensive experience in the sample collection, analysis and 
remediation for microorganisms (pathogenic and non-pathogenic), for indoor as we11 as 
outdoor environments. He has conducted studies on medical waste found on landfills 
where tubercular, legionella, coliform and hepatitis etiological agents are present. In 
addition he has also conducted studies in enclosed structures, such as buildings, factories, 
warehouses, sewage treatment plants and discharge mains. 

He  also has extensive experience in field sampling and inspection activities of structures 
insulated, built or shielded with asbestos containing materials (ACMs). Moreover, 
Mr. Sepulveda was heavily involved with the lab analysis of field samples, through the 
use of Polarized Light Microscopy (PLM), Scanning Electron Microscopy (SEM) and, 
gravimetric particletfiber size and type distribution. 

Filtration: 

Mr. Sepulveda has extensive experience in the field of filtration and purification. He has 
worked on water and solid waste separation and purification systems such as reverse 
osmosis systems for the U. S. Navy, ultrafine filtration for water filtration and fecal 
separation for NASA's space shuttle and space station. He has also worked with the 
U.S. Armed Forces in the Nuclear, Biological and Chemical (NBC) program, gas mask 
air purification systems and etiological agents removal. 

In addition, he was involved in the research and development and implementation of air 
filtering systems, industrial food and beverage filtration, industrial hydraulics and 
residential water filtration. 

PROFESSIONAL AFFILIATIONS 

American Chemical Society 
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MARC E. JACOBSON hazardous waste management 
site investigation 
risk assessment 
laboratory and analytical services 

EDUCATION 

Pennsylvania State University: B.S., Earth Sciences. Concentration in Geosciences, 1983 

TRAINING 

Hazardous Materials Health & Safety Training (OSHA); 40 hours, 1987 
Advanced Health and Safety Training, Level B, 1989 
Red Cross Basic First Aid Training, 1991 
Red Cross CPR Training, 1991 
Site Health and Safety Supervisory Training (OSHA), 1991 

PROFESSIONAL HISTORY 

Woodward-Clyde Consultants; Wayne, New Jersey; Senior Staff Scientist to Assistant 
Project Scientist, 1989 - date 

Woodward-Clyde Consultants; Overland Park, Kansas; Staff Scientist, 1986 - 1989 
Environmental Testing and Certification Corporation (ETC), Edison, New Jersey; 

Sample Manager and Production Control Supervisor, 1984 to 1986 

REPRESENTATIVE EXPERIENCE 

Mr. Jacobson has over seven years of experience in hazardous waste management, site 
investigations, risk assessment, laboratory testing and analytical services. He has 
participated in projects located in 11 states focused on site investigation assessment, and 
characterization, research, endangerment evaluation, work plan, sampling plan, QA plan 
development, and field activities including drilling, trenching, multi-media sampling, and 
groundwater remediation. His previous involvement at ETC with various aspects of 
sample testing and associated analytical services familiarized him with laboratory 
function and operation. He has served as Site Safety Officer on Inany sites and has 
extensive experience using m u  Photoionization Detectors, OVA Flame Ionization 
Detectors, Combustible Gas Indicators, Personal Samplers and Draeger Colorimetric 
Detector Tubes. He has also been responsible for preparing documentation of Health 
and Safety air quality monitoring on these sites. Representative examples of 
Mr. Jacobson's project experiences are summarized below. 

Field Manager, Site Safety Officer, and sampling supervisor for a multi-phased remedial 
investigation at an abandoned PCB site in upstate New York. As Site Safety Officer, 
Mr. Jacobson was responsible for performing real-time measurements of air quality 
during intrusive investigatory and remedial operations. 
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MARC E. JACOBSON Page 2 

Team member for field investigation activities at the Rocky Mountain Arsenal in 
Denver, Colorado. Responsibilities included preparation and peer review of field 
standard operating procedures (SOPS) and participated in Level C and B field activities. 

Prepared the Q N Q C  Plan for the RI/FS project at the Pelham Bay Landfill in Bronx, 
New York. 

Team member for field investigation activities at the Rocky Mountain Arsenal in 
Denver, Colorado. 

Supervised installation and startup operation of a groundwater monitoring and product 
recovery system for an UST investigation at a trucking terminal in Carlstadt, New Jersey. 

Field activities coordinator and Site Health and Safety Officer for a groundwater and soil 
investigation at a New Jersey ECRA site. 

Prepared the Community Relations Plan and the Quality Assurance Plan for a US Army 
Corps of Engineers RIPS at a former ammunitions depot in Nebraska. 

Designed and implemented field sampling activities for site investigation at an 
abandoned metal smelting and structural steel facility in Kansas City, Kansas. Activities 
included soil borings, monitoring well installation, surface soil, and storm water surface 
runoff sampling. 

Records and Sample Custodian for a remedial investigation in a pesticide-contaminated 
rural Illinois town. Responsible for review and approval of field documentation, 
coordination of packing and shipping samples to the laboratory and tracking of all 
samples collected. Assistant to the Field Manager in coordinating daily operations and 
direction of the sampling team activities. Coordinated community relations including 
visits to residents and integrated access locations with the planned sampling points. 

Researched and developed a Level 3 Endangerment Assessment Report for a former 
waste disposal site at a U.S. Air Force facility in Tennessee. Concentrated on exposure 
assessment, chemical fate, transport integration and risk characterization as part of the 
Endangerment Study. 

Conducted a comprehensive QAJQC audit at an environmental analytical laboratory in 
compliance with a site-specific QA plan. 

REM I1 - Superfund staff member responsible for various duties and assignments 
pertaining to the management and enforcement support services of 23 USEPA - Region 
VII hazardous waste Superfund sites. 
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MARC E. JACOBSON 
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Developed and wrote Work Plans and amendments, Project Operations 
and Quality Assurance Plans (POPIQAPP) and Health and Safety Plans, 
for presenting scope of work activities during RIIFS and enforcement 
support services at Superfund sites. Also responsible for QA review of 
Work Plan budgets. 

Performed REM I1 oversight of PRP field activities including soil sampling 
at a former pesticide plant and boring and trenching operations at a 
former landfill. Also responsible for split sample collection at sites for the 
USEPA Region VII laboratory. 

Production Control Group Scheduler at an environmental testing laboratory in 
New Jersey. Coordinated client lab work, monitored shift production and computer 
status of samples for extractions and sample preparation departments. Insured accurate 
and proper laboratory application of USEPA, CLP and state protocols and 
methodologies. 

Sample Manager for national testing laboratory. Duties focused on sample receipt, 
identification anti cataloging of samples, processing documentation, client services and 

YW 
special handling of high hazard arid complex matrix samples. Also responsible for 
development, review and revision of standard operating procedures and staff training. 

AFFILIATIONS 

Air & Waste Management Association 
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REQUIRED PERSONAL PROTECX'IW EQUIPMENT 

LEVEL D PERSONAL PROTECITIE EQUIPMENT 

- Hard hat using the SAEP recommended colors 
- Safety glasses, goggles, or face shield(') 
- Chemical-resistant steel-toed and steel shank work boots (PVC) or rubber 
- Overboots or disposable "booties" (dark color preferred)(2) 
- Outer 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Gray or dark blue Tyvek coveralls 

('1 if splash or dust hazard exists 
(2 )  personnel should wear neoprene overboots or "booties" in Areas 1, 3 and 8 as 

identified on Figure 2-2 of the Work Plan as these areas may contain PCBs; 
rubber overboots or "booties" should be worn, as required, in other areas of the 

'YII facility. 
(3) personnel should wear neoprene outer gloves in Areas 1, 3 and 8 as identified in 

Figure 2-2 of the Work Plan as these areas may contain PCBs; nitrile rubber 

outer gloves should be worn, as required, in other areas of the facility. 

TFvM C PERSONAL PROTECTIVE EQUIPMENT 

- Hard hat using the SAEP's recommended colors 
- Full-face air purifying respirator with GMC-H combination cartridges 
- Chemical-resistant steel-toed and steel shank work boots 
- Nitrile rubber or neoprene outer gloves(') 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Rubber or neoprene overboots or disposable '%ooties" (dark color 

preferred)(') 
- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek 

coveralls (taped at cuffs) 

('1 choice at discretion of SSHO 
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LEVEL B PERSONAL PROTECI'IVE EQUIPMENT 

- Positive pressure-demand full-facepiece self-contained breathing apparatus 

(SCBA), or positive pressure-demand supplied air respirator with escape 
SCBA 

- Gray or dark blue hooded Saranex impregnated or polycoated Tyvek 

coveralls (taped at cuffs, seams and facepiece) 
- Nitrile rubber or neoprene outer gloves ('I 
- Latex surgical gloves (to be worn underneath outer gloves) 
- Chemical-resistant steel-toed and steel shank work boots 
- Rubber or neoprene overboots or disposable "booties" (dark color 

preferred)(1) 

( 1  choice at discretion of SSHO 
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MEDICAL SURVEILLANCE PROGRAM 

, 'W 
Medical surveillance is a major component of the WCC health and safety program. It 
was established to monitor and promote the health of employees engaged in projects 
which have the potential for exposure to hazardous substances. 

Medical surveillance provides a clinical base of information useful in evaluating 
employee's fitness to work at hazardous waste sites, to identify anomalies in a person's 
medical history that may be related to potential impaired health, to evaluate a person's 
capability to use respiratory protection equipment, and to identify illnesses that may be 
related to chemical exposure while on the job. This base of medical information 

includes personnel health history, exposure history, physical examination results, 
laboratory analyses, and results of screening and special tests. Medical examinations 
include: 

Past Medical History - on entry to the program, information concerning past 
occupational exposures and personal as well as family history of disease. 

'w Present Medical Profile - all pertinent medical information regarding present state 

of health and during each year of field work in hazardous material projects. 

Exposure History - information concerning the cumulative duration of time spent on 

potentially hazardous sites, the primary toxic substances, and the levels of protection 

employed by each site. 

Laboratory Analyses - hematology, liver and kidney function tests, and urinalysis. 

Hearing test. 

Vision test. 

Pulmonary function test. 

Electrocardiogram. 
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a X-ray. 

Physical examination. 

Special Tests - medical information concerning the effects of exposure to specific 

contaminants. 

OBJECTIVES 

The objectives of the medical surveillance component of the health and safety program 
are: 

Protect the health of employees assigned to work on hazardous material projects. 

Pre-assignment screening of employee's health to determine present status and to 
identify existing problems that may be aggravated by chemical exposures or physical 

stress. 

Monitoring employee health for early signs of work-related illness and employee 
suitability for further field or laboratory assignments on sites containing potentially 

hazardous substances. 

Evaluation and care of individuals with work-related illnesses or injuries. 

Satisfy the requirements of OSHA Part 1910.134 regarding respiratory protection and 

OSHA 191 0.120 for hazardous waste workers. 

RESPONSIBILITIES OF WCC OPERATING U N '  

Each operating unit, through its HSO, must comply with the medical surveillance 
provisions of the health and safety program. It is the responsibility of the operating unit 
manager to assure that the following activities are punctually and thoroughly conducted. 
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Arrange for health monitoring services by a qualified local physician or medical 

84u' organization, preferably with occupational health expertise. The physician must be 

willing to perform all physician-related tasks described in the WC medical 

surveillance program. 

Identify personnel within the operating unit required to enter the program. 

Inform participants of the specific arrangements for scheduling and receiving medical 
examinations. 

Comply with the examining and/or the reviewing physician's recommendations 

regarding work restrictions and attending to all work-related illnesses. 

Document anti report worldexposure histories for all employees engaged in field 

activities. 

4w Under Part 1910.120, OSHA requires medical surveillance for personnel involved in 

hazardous waste operations. OSHA states that persons should not be assigned to tasks 
unless it has been determined that they are physically able to perform the work and use 
the equipment. 

The OSHA program has two essential components: routine health care and emergency 
treatment. Routine health care and maintenance shall consist of at least: 

1. Pre-employment medical examinations to establish the individual's state of health, 
baseline physiological data, and ability to wear personal protective equipment. 
The frequency and type of examination to be conducted thereafter should be 

determined by medical personnel knowledgeable in the area of occupational 

medicine. 

2. Arrangements to provide special medical examinations, care, and counseling in 

case of known or suspected exposures to toxic substances. Any special tests 
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performed depend on the chemical substance in which the individual has been 

exposed. 

The site safety plan must address emergency medical care and treatment of personnel, 

including possible exposures to toxic substances and injuries due to physical hazards. 

The following items should be considered in emergency care provisions. 

The name, address, and telephone number of the nearest medical treatment facility 

should be conspicuously posted. A map and/or directions for locating the facility, 

plus the travel time, should be readily available. 

The facility's ability to provide care and treatment of personnel exposed or suspected 

of being exposed to toxic (or otherwise hazardous) substances should be ascertained. 

If the facility lacks toxicological capability, arrangements should be made for 

consultant services. 

r All administration arrangements for accepting patients should be made in advance 

with the facility. 

Arrangements should be made to quickly obtain ambulance, emergency, fire, and 

police services. Telephone numbers and procedures for obtaining these services 

should be conspicuously posted. 

Emergency showers, eye wash fountains, and first aid equipment should be readily 

available on-site. Personnel should have first aid and medical emergency training. 

Provisions should be made for rapid identification of the substance to which the 

worker has been exposed (if this has not previously been done). This information 

must be provided to medical personnel. 
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MEDICAL EXAMINATIONS 

IW 
Initial Baseline Examination 

All applicable employees shall be given a baseline examination before being assigned 
to work at sites containing potentially hazardous substances. The purpose of the 

baseline examination is pre-assignment screening. 

Routine Examinations 

All personnel who have taken the initial baseline examination and have received 

clearance by the examining and/or reviewing physician to participate in field or 
laboratory activities shall be re-examined on an annual or biennial basis. Generally, 

employees with less than 100 hours of annual hazardous waste field work will have 
biennial examinations. Employees with greater than 100 hours hazardous waste field 
work will have annual examinations. The reviewing physician will have final authority 
in regard to examination frequency. 

qw Exit Examination 

An exit examination shall be given to any employee whose employment with WC has 
included hazardous materials work and who has been a participant in medical 

surveillance. The exit examination may be waived if the most recent examination was 

in the past six months. 

Special Testing 

Special testing may be required on certain projects due to the potential for exposure to 
specific substances. This may also be necessary where the potential for heat or cold 
stress exists. The need for special testing will be assessed on a project-by-project basis. 

Examples of special testing conditions include sites containing asbestos, arsenic, or lead 
where specific OSHA medical requirements for these compounds are in effect. 
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EXAMINATION PROTOCOLS 

The protocols presented in Table 1 apply to baseline, annual, and exit examinations. A 
detailed healthlwork history questionnaire is provided before baseline and routine 
examinations. The protocols may be expanded by the reviewing or examining physician 
after consultation with WCC. 

PHYSICIAN'S REPORTS 

Examining physicians will use information provided by the employee in the 
questionnaire, the examination results, and the results of laboratory tests to determine 
if any work restrictions or occupational health problems appear to be present. The 

examining physician will provide the results of the examination to the WCC reviewing 
physician for final evaluation of employee suitability for work at hazardous material sites. 

The reviewing physician's conclusions shall supercede those of the examining physician. 
A physician's report on the examination will be sent directly to the employee with a 
separate letter stating ability to work at hazardous waste sites sent to WCC. 

Employer reports receiied by WCC shall be reviewed by the HSO and kept in the 

Operating Unit's health and safety file. Physician recommendations regarding limitations 
must be followed. 

EMPLOYEE MEDICAL SURVEILLANCE PROGRAM 

The employee medical surveillance program (EMSP) is a computerized database which 
stores and processes employee medical surveillance information such as medical 

examination results, exposure history, training and respirator fit testing data. The 

purpose of EMSP is to facilitate record documentation, the reviewing physician's 
evaluation of the medical surveillance data, and administration of the WCC Health and 
Safety Program. Administrative and quality control features include: profile reports on 

employee eligibility for site work, medical examination scheduling reports, training 
requirement notices, and listing of qualified staff by operating unit and firmwide. 
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REVIEWING PHYSICIAN 

PW 
Dr. Peter Greaney of Anaheim, California has been retained to provide medical 
oversight to the WCC medical surveillance program. The reviewing physician receives 
copies of all medical questionnaires, examinations, and laboratory testing results, reviews 

the opinions of examining physicians, and determines an employee's fitness for work at 

hazardous material sites. The physician also provides advice and assistance regarding 
site specific medical monitoring needs and programs. 

Employee medical records are confidential and available for review only by the 
examining and/or reviewing physicians and their medical personnel. 

Each employee can obtain information on hisher health by asking the examining 
physician for the information at the time of, or after, an examination. The employee 
may also request release of records or information, and/or designate a representative, 

in a letter to the physician. The request must contain the full name and address of the 

ylr representative and indicate the records to be released. Medical information about an 
employee will not be made available to anyone without authorization from the individual 
concerned. 

FINANCIAL RESPONSIBILITY 

The costs of baseline, routine, special, and exit examinations will be paid to the 

examining physician by WCC operating units. The cost of examinations and tests that 
the employee voluntarily takes on recommendations by the examining or reviewing 
physician shall be borne by the employee unless the examinationsftests are related to 

the employee ability to work or to diagnose a work-related illness. The cost of the 
reviewing physician and the EMSP data base will be paid by Corporate Health and 

Safety. 
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Test 

1. Cardiogram 

2. Chest X-Ray 

3. Audiogram 

4. Blood Chemistry Panel 

TABLZE 1 

MEDICAL EXAMINATION PROTOCOL 

Reauired: 

Glucose 
Sodium 
Potassium 
Chloride 
BUN 
Creatinine 
Uric Acid 
Phosphate 
Calcium 
Cholesterol 
Triglycerides 
Total Protein 
Albumin 
Globulin 
Total Bilirubin 
Direct Bilirubin 
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Testing Frequency 
Baseline Routine Other Remarks 

SSHP 

X Preplacement every 3 years for 
less than or equal to 40 years 
old. Every examination for 
more than 40 years old. 

Preplacement every 3 years for 
less than or equal to 40 years 
old. Every 2 years for more 
than or equal to 40 years old 
to less than or equal to 55 
years old Every exam for more 
than 55 years old. 



TABLiE 1 
(continued) 

Test 

4. Blood Chemistry Panel 
Reauired: (continued) 

AIL. Phosphatase 
G-Glutamyl Transpep. 
Transaminase, SGO 
Transaminase, SGP 
LDH 
Iron 

Magnesium 
Albumin/Globulin Ratio 
BUNICreatinine Ratio 

5. CBC Count (Hemogram) 

lull WDC 
RBC 
HGB 
H a  
MCV 
MCH 
MCHC 

Differential White Couilt 

Seg 
Band 
Lymph 
Mono 
Eosin 
Baso 
Platelets 
Platelets Count 
Reticulocyte Count 

Testine Freauencv 
Baseline Routine Other - Remarks 
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TABLE 1 
(continued) 

Testing Freauencv 
Test Baseline Routine Other Remarks 

6. Serum Iron and Total Iron X 
Binding Capacity (TIBC) 

7. Urinalysis X X 

Appearance 
Color 
PH 
Ketones 
Direct Bilirubin 
Total Bilirubin 
Glucose 
Blood 
Urobilinogen 
L. Esterase 
WDC 
RBC 
Casts 
Mucus 
Bacteria 
Eiptherlial 
Crystals 
Yeast 
MCGDL 

8. Morphology (Present, 
Absent, Unknown) 

Anisocytosid 
Poikilocytosis 
Hypochromia 
Polychromasia 
Basophilic Stippling 
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AmACHMENT 10 
HEALTH AND SAFETY INCIIIENT REPORT 

Remedial Investigation Work Plan - SSHP 
Stratford A m y  Engine Plant 

St rat ford, Connecticul 
arnb189~114ccld003mis.wS1 





WOODWARD-CLYDE CONSULTANTS 
HEALTH AND SAF'ETY INCIDENT REPORT 

Project Number DatejTime of Incident 

qmoject Name Project Location 

DESCRIPTION OF INCIDENT (Describe what happened and possible cause, identify individuals 
involved, witnesses, and their affiliations, and describe emergency or corrective action taken.) 

Reporter: 
Print Name Signature Date 

Reporter must deliver this report to the New York Metro BUHSO within one day of the date of incident 
for medical treatment cases and within five days for other incidents. 

Reviewed by: 
Print Name Signature Date 

New York Metro Business Unit Health and Safety Officer 

Distribution: 

WCC Corporate Health and Safety Administrator, 
EOG Corporate Health and Safety Officer, 
New York Metro Manager of Health and Safety, 
New York Metro BUHSO, 
Business Unit Manager, 
Responsible Professional, 
Project Manager, 
Site Safety Officer, 
Personnel Manager (Medical Treatment Cases Only), . 





ATTACHMENT 11 

SITE SAFETY AND HEALTH PLAN COMPLIANCE AGREEMENT 
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w' 
SITE SAFETY AND HEALTH PLAN COMPLIANCE AGREEMENT 

1, (print name), have received a copy of the Site 
Safety and Health Plan for the Stratford Army Engine Plant (WCC Project 

No. 89C114CC). I have read the SSHP, understand it, and agree to comply with all of 
its provisions. I understand that I could be prohibited from working on the project for 
violating any of the safety requirements specified in the SSHP. 

Signed: 

Signature Date 
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ATT'ACHMENT 12 
RESPIRATOR INSPECI'ION, CARE, MAINTENANCE AND STORAGE 
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RESPIRATOR INSPECllON, CARE, MANIENANCE, AND STORAGE 

The purpose of this Attachment is to provide guidance on the proper care and use of 
respiratory protective devices, to assist in adequately protecting personnel as well as 
complying with OSHA Part 1910.134. 

This procedure is applicable for use in caring for half-face and full-face respirators of 
either air-punfylng or air supplying type. Proper care of respirators is essential for their 
satisfactory performance. Of importance are respirator inspection, care, maintenance, 
and storage. 

REQUIREMENTS 

OSHA requires, as part of an inspection program, that all respirators be leak checked, 
a determination that the complete assembly is gas tight. Follow field inspection 
procedures to examine the freshly cleaned, reassembled respirator. 

'rlllu 
Cleaning and Disinfecting - OSHA Part 1910.134 states "routinely used respirators shall 
be collected, cleaned and disinfected as frequently as necessary to ensure that proper 
protection is provided ..." and that emergency use respirators "shall be cleaned and 
disinfected after each use." 

The OSHA standard states that "replacement or repair shall be done by experienced 
persons with parts designed for the respirators." Besides being contrary to OSHA 
requirements, substitution of parts from a different brand or type of respirator 
invalidates approval (i.e., NIOSH, MSHA) of the device. 

OSHA requires that respirators be stored to protect against: 

Dust; 
a Sunlight; 

Heat; 
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Extreme cold; 
Excessive moisture; 
Damaging chemicals; and, 
Mechanical damage. 

The OSHA standard suggests that respirators be in their original cartons, however, this 

may provide only minimal protection from mechanical damage. 

INSPECTION 

Routinely used air-purifying respirators should be checked as follows before and after 

each use: 

1. Ejramine the facepiece for: 

' Excessive dirt; 
Cracks, tears, holes or physical distortion of shape from improper storage; 
Inflexibility of rubber facepiece (stretch and knead to restore flexibility); 
Cracked or badly scratched lenses in full facepieces; 

Incorrectly mounted full facepiece lenses, or broken or missing mounting clips; 
and, 
Cracked or broken air-purifying element holder(s), badly worn threads or missing 
gasket(s), if required. 

2. Examine the head straps or head harness for: 

Breaks; 
Loss of elasticity; 
Broken or malfunctioning buckles and attachments; and, 
Excessively worn serrations on head harness, that might permit slippage (full 
facepieces only). 
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3. Examine the exhalation valve for the following after removing its cover: 

Foreign material, such as detergent residue, dust particles or human hair under 

the valve seat; 
a Cracks, tears or distortion in the valve material; 

Improper insertion of the valve body in the facepiece; 

Cracks, breaks, or chips in the valve body, particularly in the sealing surface; 
Missing or defective valve cover; and, 
Improper installation of the valve in the valve body. 

4. Examine the air-purifying element for: 

Incorrect cartridge, canister or filter for the hazard; 

a Incorrect installation, loose connections, missing or worn gasket or cross threading 

in the holder; 

Expired shelf-life date on the cartridge or canister; and, 
Cracks or dents in the outside case of the filter, cartridge or canister, indicated by 
the absence of sealing material, tape, foil, etc., over the inlet. 

4w 
5. If the device has a corrugated breathing tube, examine it for: 

Broken or missing end connectors; - 

a Missing or loose hose clamps; and, 
Deterioration, determined by stretching the tube and looking for cracks. 

6. Examine the harness of a front-or back-mounted gas mask for: 

Damage or wear to the canister holder, that may prevent its being held in place; 
and, 

a Broken harness straps for fastening. 
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For a routinely used atmosphere-supplying device, use the following procedures: 

1. If the device is a tight-fitting facepiece, use the procedures outlined under air- 
punfylng respirators, except those pertaining to the air-pu+ng elements. 

2. If the device is a hood, helmet, blouse or full suit, use the following procedures: 

Examine the hood, blouse or full suit for rips and tears, seam integrity, etc.; 

Examine the protective headgear, if required, for general condition with emphasis 
on the suspension inside the headgear; 

Examine the protective face shield, if any, for cracks or breaks or impaired vision; 
and, 

Make sure the protective screen is intact and s'ecured correctly over the face 

shield. . 
3. Examine the air supply systems for: 

Integrity and good condition of air supply lines and hoses, including attachment 

and end fittings; and, 

Correct operation and condition of all regulators, or other air £low regulators. 

In addition to the above, for self-contained breathing apparatus (SCBA) units also 
determine that: 

1. The high pressure cylinder of compressed air or oxygen is sufficiently charged for the 

intended use, preferably full charged. 

2. On closed circuit SCBA, a fresh canister of C02  (carbon dioxide) sorbent is installed. 

Remedial Investigation Work Plan - SSHP 

Stratford Army Engine Plant 

Stratford. Connecticut 

amb\89c114cc~d003mis.w51 



3. On open circuit SCBA, the cylinder has been recharged if less than .?5 percent of the 

+'W 
useful service time remains. 

All SCBAs are required to have a warning device that indicates when the 25 percent 
level is reached. However, it is recommended that an open-circuit SCBA be fully 
charged before use. 

Respirator Disassembly 

The used respirators should be collected and deposited in a central location. They are 

taken to an area where the filters, cartridges or canisters are removed and discarded. 
Canisters should be damaged or marked to prevent accidental reuse. If facepieces are 
equipped with reusable dust filters, they may be cleaned with compressed air in a hood. 
This prevents dust from getting into the room and affecting the respirator maintenance 
personnel. If SCBAs are used, tanks should be removed and taken to an area where the 
SCBA regulators and low-air warning devices are tested. SCBA facepieces are cleaned 
like air-purifying respirator facepieces. 

$ryy Defects Found in Field Ins~ection 

If defects are found during any field inspection, two remedies are possible. If the defect 
is minor, repair andlor adjustment may be made immediately. If it is major, the device 
should be removed from service until it can be repaired. (A spare unit should replace 
the unit removed from service.) Under no circumstances should a device that is known 
to be defective remain in the field. 
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InsDection Durin~ Cleaning 

Because respirator cleaning usually involves some disassembly, it presents a good 

opportunity to examine each respirator thoroughly. The procedures outlined above for 
a field inspection should be used. Respirators should be inspected after cleaning 
operations and reassembly have been accomplished. 

Resvirator Care 

When used routinely, respirators should be exchanged daily for cleaning and inspection. 
Where respirators are used only occasionally, the exchange period could be weekly or 

monthly. Workers maintaining their own respirators should be thoroughly briefed on 
cleaning and disinfecting them. Although workers may not be required to maintain their 
own respirators, briefing on the cleaning procedure will encourage their acceptance of 
a respirator by providing knowledge of what is a clean, disinfected, properly maintained 
device. This is particularly important where respirators are not individually assigned. 

Where respirators are individually assigned (a practice to be encouraged), they should 

be identified to ensure that the worker always receives the same device. Identification 

markers must not penetrate the facepiece, block the filter, cartridge parts or exhaust 
valves. 

When a relatively small number of respirators are used, or where workers clean their 
own respirators, the generally accepted procedure is washing with detergent and warm 
water using a brush, thoroughly rinsing in clean water, and drying in a clean place. 
Precautions should be taken to prevent damage from rough handling during this 

procedure. 

When large numbers of respirators are used, it is recommended that centralized cleaning 
and maintenance be performed and that specialized equipment and personnel trained 

in respirator maintenance be utilized. 
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Cleaninp and Sanitizing 
\rYI 

The actual cleaning may be done in a variety of ways. A commercial dishwasher can be 
used. A standard domestic clothes washer may also be used if a rack is installed around 
the agitator to hold the facepieces in Fied positions. If the facepieces are placed loose 
in the washer, the agitator may damage them. A standard domestic dishwasher may be 
used, but it is not preferred because it does not immerse the facepieces. any good 

detergent may be used followed by a disinfecting rinse or a combination disinfectant- 
detergent for a one step operation. Disinfection is not absolutely necessary if the 

respirator is reused by the same person. However, where individual issue is not 
practical, disinfection is strongly recommended. Reliable, effective disinfectants may be 
made from readily available household solutions, including: 

1. Hypochlorite solution [50 parts per million (ppm) of chlorine] made by adding 
approximately two miIIiliters of bleach (such as Clorox) to one liter of water, or two 

tablespoons of bleach per gallon of water. A two minute immersion disinfects the 
respirators. 

'w 2. Aqueous solution of iodine (50 ppm of iodine) made by adding approximately 0.8 
milliliters of tincture of iodine per liter of water, or one teaspoon of tincture of 
iodine per gallon of water. A two-minute immersion disinfects the receptors. 

If the respirators are washed by hand, a separate disinfecting rinse may be provided. If 
a washing machine or dishwasher is used, the disinfectant must be added to the rinse 
cycle; the amount of water in the machine at that time will have to be measured to 
determine the correct amount of disinfectant. 

To prevent damaging the rubber and plastic in the respirator facepieces, the cleaning 

water should not exceed 140°F (60°C), but it should not be less than 120°F (49°C) to 
ensure adequate cleaning. In addition, if commercial or domestic dishwashers are used, 
the drying cycle should be eliminated, since the temperatures reached in these cycles 
may damage the respirators. 

aV Remedial Investigation Work Plan - SSHP 

Stratford Army Engine Plant 

Stratford, Connecticut 

am b\89cl14cc\d003mis.w5 1 



The cleaned and disinfected respirators should be rinsed thoroughly in water [140°F 
(60°C) maximum] to remove all traces of detergent and disinfectants. This is very 
important for preventing dermatitis. 

The respirators may be allowed to dry in room air on a clean surface. They may also 
be hung from a horizontal wire, like drying clothes, but care must be taken not to 
damage or distort the facepieces. Another method is to equip a standard steel storage 
cabinet with an electric heater that has a built-in circulating fan, and to replace the solid 
steel shelves with steel mesh. 

Reassemblv and InsDection 

The clean, dry respirator facepieces should be reassembled and inspected in an area 
separate from the disassembly area to avoid contamination. The inspection procedures 

have been discussed; special emphasis should be given to inspecting the respirators for 
detergent or soap residue left by inadequate rinsing. This appears most often under the 
seat of the exhalation valve, and can cause valve leakage or sticking. 

The respirator should be thoroughly inspected and all defects corrected. New or 
retested cartridges and canisters should be installed, and the completely reassembled 
respirator should be tested for leaks. 

Maintenance and Re* 

Maintenance personnel must be thoroughly trained. They must be aware of the 

limitations and never try to replace components or make repairs and adjustments beyond 

the manufacturer's recommendations, unless they have been specially trained by the 

manufacturer. 
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These restrictions apply ~rimarily to maintenance of the more complicated devices, 
especially closed- and open-circuit SCBA, and more specifically, regulator valves and low 

Wf pressures warning devices. These devices should be returned to the manufacturer or to 

a trained technician for adjustment or repair. There should be no major problems in 
repairing and maintaining most respirators, particularly the commonly used air-purifying 

type. 

An important aspect of any maintenance program is having enough spare parts on hand. 
Only continual surveilIance of replacement rates will determine what parts and quantities 
should be kept in stock. It is desirable to have a recording system to indicate spare parts 
usage and the inventory on hand. 

For SCBA devices, the facepiece should be combined with the tested regulator and the 
fully charged cylinder, and an operational check performed. 

Respirator Storage 

Damage and contamination of respirators may take place if they are stored on a 
workbench, or in a tool cabinet or toolbox, among heavy tools, greases and dirt. Freshly 
cleaned respirators should be placed in heat-sealed, ziplock, or other reusable plastic 
bags until reissue. They should be stored in a clean, dry location away from direct 

sunlight. They should be placed in a single-layer with the facepiece and exhalation valve 
in an undistorted position to prevent rubber or plastic from taking a permanent distorted 

"set." 

Air-purifyrng respirators kept ready for non-routine or emergency used should, be stored 
in a cabinet with individual compartments. The storage cabinet should be readily 
accessible, and all workers should be made aware of its location, as is done for fire 
extinguishers. Preventing serious injury from the inhalation of a toxic substance depends 
entirely on how quickly workers can get to the emergency respirators. 

A chest or wall-mounted storage case may be used for storing SCBA for use in 
emergencies. Again, the location of SCBA should be well-known and clearly marked. 
Unlike fire extinguishers, however, they should be located in an area that will predictably 
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remain uncontaminated.- Putting on a SCBA in a highly cont~minated atmosphere such 
as might be created by massive release of a hazardous material may take too long a time 
to perform safely in that area. Therefore, the first reaction should be to escape to an 
uncontaminated area, then put on the SCBA that should be located there, and re-enter 
the hazardous area for whatever task must be done. Exceptions to this rule may be 

encountered; only a thorough evaluation of the process and escape routes will permit a 
final decision about the correct storage location for SCBAs. Respirators should be 

stored in a plastic bag inside a rigid container within an area that is expected to remain 
uncontaminated. 

Workers who are adequately trained should develop a respect for respirators that will 
be an automatic incentive to protect respirators from damage. Besides providing better 
assurance of adequate protection, this training will lower maintenance costs by 
decreasing damage. 

Recordkeeuinq 

Records should be maintained to document that proper care and maintenance has been 
performecj on respiratory protection devices. Records should indicate when and what 
was done to each respirator, and also by whom. 
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Stratford Army Engine Plant 

Stratford. Connecticut 
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OPERATING PROCEDURE NO. HS-302 

302.0 RESPIRATOR FIT TESTING 

302.1 PURPOSE 

The purpose of this Operating Procedure is to identrfy and to establish respirator fit testing 
requirements and procedures. 

302.2 REQUIREMENTS 

In compliance with Occupational Safety and Health Administration (OSHA) regulation Title 
29 Code of Federal Regulations (CFR) 1910.134, all Woodward-Clyde (W-C) employees 
whose job assignments require use of non-powered air-purifying respirators (APR) or air- 
supplied respirators (ASR) that operate in the demand mode, must be: fit tested using the 
isoamyl acetate (IAA) and/or the irritant smoke (IS) test. Fit tests shall be performed to 
identrfy the brand and size of respirator that fits each employee and to facilitate final fitting 
adjustments in the field. 

Fit tests must be recorded for each tested employee. The record shall include test dates and 
identlfy the brands, models, and sizes of respirators tested. 

3023 ISOAMYL ACETATE TEST 

3023.1 Isoamyl Acetate Test Equipment 

Isoamyl acetate (USP grade in bottles or in ampules). 
Two bottles for odor recognition testing. 
Test enclosure. A simple test enclosure can be constructed by cutting 
a small slit at the center of the closed end of a clear plastic bag and 
inserting the hook of a wire clothes hanger through the slit so that the 
bag will hang open side down. The bag should be at least 3 mil thick 
and approximately the size of a garbage bag (large size). 
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3023.2 Isoarnyl Acetate Testing Procedures 

1. The subject must exhibit his/her ability to recognize the odor of IAk One 
bottle shall contain water and another, a solution of IAA and water. The 
subject must be able to discern which bottle contains the IAA solution, thus 
verifying his/her ability to recognize the odor. 

2. The wearer puts on the respirator and adjusts the facepiece and head straps 
to achieve a snug, but comfortable fit. The positive-negative pressure test 
(see Section 302.6) should be applied at this point. If the respirator is the air- 
punfylng type, it must be equipped with a fresh cartridge(s) or canister 
designed to protect against organic vapors. 

3. The wearer is exposed to IAA by entering a test enclosure containing IAA 
vapors. The wearer is exposed first while holding his/her head still. If the 
wearer does not smell IAA, he/she is exposed again while performing the 
activities listed in Section 302.5. 

4. If the wearer does not smell IAA while active and inactive, a satisfactory fit 
can be assumed; however, if the wearer smells IAA, he/she readjusts the 
facepiece and/or headstraps, and Step 2 is repeated. 

5. If the wearer continues to smell IAA, an attempt is made to locate the 
leakage point. If the leakage point cannot be found or corrected, another 
respirator of the same brand and size is tried. If the respirator leaks, a 
respirator of another size or brand is tried. 

302.4 IRRITANT SMOKE TEST 

1. The wearer puts on the respirator and adjusts facepiece and head straps to 
achieve a snug, but comfortable fit. The positive-negative pressure test (see 
Section 302.6) should be applied at this point. If the respirator is the air- 
purifying type, it must be equipped with a HEPA (high efficiency) filter@). 
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2. The wearer stands with his/her back towards a fume hood or other ventilation 
source and is asked to keep his/her eyes closed during the test. (Note: eyes 
must be closed even when full-face respirators are tested.) 

3. With the wearer holding his/her head still, the tester lightly puffs smoke over 
the facepiece, holding the tube at least 2 feet from it. The volume of smoke 
should be kept minimal and the wearer's reaction observed between puffs. 

4. If the wearer detects no leakage, the tester increases smoke density and 
moves the tube progressively closer to the wearer, but no closer than 6 inches. 
If no leakage is detected, exposure is continued while the wearer performs the 
activities listed in Section 302.5. 

5. If no leakage is detected with and without head movements, a satisfactory fit 
can be assumed. However, if leakage is detected, smoke generation should 
be stopped and Steps 3 and 4 repeated after the wearer readjusts the 
facepiece and/or head straps. 

6. If a respirator under test continues to leak, another respirator of the same 
brand, model, and size should be tried. If it does not pass the test, another 
size or another brand should be tried. 

If, during the IAA or IS test, no leakage occurs while the wearer is holding his/her head 
still, the test shall be continued while the wearer is instructed to perform the following 
activities: 

1. Deep breathing as in heavy exertion. This activity should not be done long 
enough to cause hyperventilation. 

2. Side-to-side, then up-and-down head movements (exaggerated). 
3. Read the "Rainbow Passage." Must be loud enough to be heard by someone 

standing nearby. 
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302.6 POSITIVE-NEGATIVE PRESSURE TESTS 

These tests can be performed by the wearer alone and requires no special equipment. The 
tests should be performed only on respirators that have passed the IAA or IS tests and for 
preliminary fitting during the IAA and IS tests. 

In the positive pressure test, the wearer closes off the exhalation valve of the respirator by 
gently placing his/her palm over the valve and gently exhaling into the facepiece. The fit 
is considered satisfactory if a slight pressure builds up in the facepiece without any evidence 
of outward leakage. 

In the negative pressure test, the wearer closes off the inlet of the canister, cartridge(s) or 
filter(s) with his/her palm or of the breathing tube of a SA respirator by squeezing the tube 
and inhaling gently so that the facepiece collapses slightly. Breath is held for about 10 
seconds. If the facepiece remains slightly collapsed and no inward leakage is detected 
during the 10-second period, fit may be considered satisfactory. 

302.7 TEST FREQUENCY 

An IAA and/or IS test must be performed whenever an employee is provided: (1) a 
respirator for the first time and (2) a replacement respirator of a different brand, model, 
or size. A test must also be performed whenever: (1) medical records indicate that an 
employee may have been exposed despite wearing a respirator and (2) an employee 
complains of having a faulty respirator. 

302.8 DOCUMENTATION 

Respirator fit-test records must be maintained. Form HS-302 should be used to document 
the results of each fit test. It should be signed by the individual being tested and also the 
person admhhtering the test. 
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HS-302 

WOODWARD-CLYDE 
HEALTH AND SAFETY TRAINING 
RESPIRATOR FIT TEST RECORD 

N m c  S o d d  Security No: - 
CompanylOfflca: Last M d i c d  Exm:  

 it l a s t  ode :  Conacaivr L m s m  N d d :  Yes 0 No 0 

I Briefed on fundamental principles of respiratory protection, use, selection, inspection 
cleaning, maintenance and storage of equipment. Yes No El 

I lsoamyl acetate odor recognition Yes q No 

RESPIRATOR 1 RESPIRATOR 2 RESPIRATOR 3 
Equipment Type 

11 Manufacturer's Name 

11 Model 

11 Sire 

I Facepiece Composition 
(Rubber Silicone) 

11 TEST PERFORMED RESPIRATOR 1 RESPIRATOR 2 RESPIRATOR 3 

Negative Pressure Test: P O  F O  P O  F O  P O  F O  

I Positive Pressure Test: P O  FO P O  F O  P O .  F O  

I The individual named above has been fit-tested according to  procedures specified in Woodward-Clyde's Operating 
Procedure HS-302. This qualitative f i t  test protocol has been adapted from OSHA 29 CFR 191 0 and 29 CFR 

Examiner's Name (Please Print) Examiner's Signature Date I 

I Employee's S~gnature Date 

Revised: 11/93 Woodward-Clyde 
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W00DWARD-CLYDE CONSULTrn 
DAILY HEALTH AND SAFETY REPORT 

STRATFORD ARMY ENGINE PLANT 
WCX: PROJECT NO. 89C114CC 

iyIIIII'CC SSO: DATE: 

Weather: 

WCC Personnel Present: 
(include times) 

Other Personnel Present 
and Affiliation: 
(include times) 

Work Activities: 

Level of Protection: 

1 Y I  
Summary of Ambient 
Measurements*: 

ppm (HNu PID) ppm (CGI/H,S) 
ppm (Foxboro OVA) PPm - (Draeger) 

% U2 (CGVO,) PPm (Draeger) 
- % LEL (CGU% LEL) mR/hr (1,udlum Radiation Meter) 

Summary of Environmental ppm (HNu PID) ppm (CGI/H2S) 
Monitoring in ppm (Foxboro OVA) PPm - (Draeger) 
Breathing Zone*: % Oo, (CGI/O,) PPm (Draeger) 

- % LEL (CGI/% LEL) mR/hr (1,udlum Radiation Meter) 

Notes, Incidents and Comments: 

Detailed record of measurements contained in Inspectors' Field Inspection Reports 
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Occupational Safety and Health Admin, ,, Labor 

shall be decontaminated or disposed of 
proper1 y. 

(5) Personal protective clothing and equip- 
ment. (i) Protective clothing and equipment 
shall be decontaminated, cleaned, laun- 
dered, maintained or replaced as needed to 
maintain their effectiveness. 

(ii) Ehployees whose non-impermeable 
clothing becomes wetted with hazardous 
substances shall immediately remove that 
clothing and proceed to shower. The cloth- 
Ing shall be disposed of or decontaminated 
before it is removed from the work zone. 

(6) Unautltorfted employees. Unauthor- 
bed employees shall not remove protective 
clothing or equipment from change rooms. 

(7) Commercial Luundrfa or cleaning u- 
tablishments. Commercial laundries or 
cleanhg establishments that decontaminate 
protective clothing or equipment shall be in- 
formed of the potentially harmful effects of 
exposures to hazardous substances. 

(8) Showers and change mom. Where the 
decontamination procedure indicates a need 
for re- showers and change rooms out- 
side of a contaminated area, they shall be 
provided and meet the requirements of 29 
CFR 1910.141. If temperature conditions 
prevent the effective use of water, then 
other effective means for cleansing shall be 
provided and used. 

(1) Emergency response by employees a t  
uncontrolled hazardow waste A&-4 1) 
Emergency response plan (i) An emergency 
response plan shall be developed and imple- 
mented by all employers within the scope of 
this section to handle anticipated emergen- 
cies prior to the commencement of h w d -  
ous waste operations. The plan shall be in 
writing and available for inspection and 
copying by employees, their representatives, 
OSHA personnel and other governmental 
agencies with relevant responsibilities. 

(11) Employers who will evacuate their em- 
ployees from the workplace when an emer- 
gency occurs, and who do not permit any of 
their employees to assist in handling the 
emergency, are exempt from the require- 
ments of this paragraph if they provide an 
emergency action plan complying with sec- 
tion 1910.38ta) of this part. 

(2) EEemenb of an emergency mpome 
pkrn The employer shall develop an emer- 
gency response plan for emergencies which 
ha l l  address, as a minimum. the following: 

(i) Re-emergency plmmhg. 
(ii) Personnel roles, lines of authorlty, md 

communication 
(U) Emergency recognition and preven- 

tion. 
(iv) Safe distances and places of refuge. 
(v) Site security and control. 
tvi) Evacuation routes and procedures. 
(vii) Decontamination procedures which 

are not covered by the site safety and 
health plan. 

(viii) Emergency medical treatment and 
first aid. 

tix) Emergency alerting and response pro- 
cedures. 
(XI Critique of response and follow-up. 
(xi) PPE and emergency equipment. 
(3) Procedures for handling ememency in- 

cident& (i) In addition to the elements for 
the emergency response plan required in 
paragraph (1)(2) of this section, the follow- 
ing elements shall be included for emergen- 
cy response plans: 
(A) Site topography, layout, and prevail- 

ing weather conditions. 
(B) Procedures for reporting incidents to 

local, state, and federal governmental agen- 
cies. 

(ii) The emergency response plan shall be 
a separate section of the Site Safety and 
Health Plan. 

(W) The emergency response plan shall be 
compatible and integrated with the disaster, 
fire and/or emergency response pla,ns of 
local. state, and federal agencies. 

(iv) The emergency response plan shall be 
rehearsed regularly as part of the overall 
tratntnO program for site operations. 

tv) The site emergency response plan shall 
be reviewed periodically and, as necesswy, 
be amended to keep it current with new or 
changing site conditions or information. 

tvi) An employee alarm system shall be in- 
stalled in accordance with 29 CFR 1910.165 
to notify employees of an emergency situa- 
tion; to stop work activities if necessarp; to 
lower background nobe in order to speed 
communication; and to be- emergency 
procedures. 

(vii) Based upon the infannation available 
a t  time of the emergency, the employer 
shall evaluate the incident and the site re- 
sponse capabilitfes and proceed with the ap- 
propriate steps to implement the site emer- 
gency response plan. 

(m) RIuminatfon Areas accessible to em- 
ployees shall be lighted to not less than the 
minimum illumination intensities listed in 
the following Table H-120.1 while any work 
I8 in progress: 

Foot- 

5 ...................... 
3 ..................... 

5 ....................... 

Area or op~tionr 

G e n d  site amas. 
Excavation and waste ueas, acceswys, 

active storage areas, loading pktformt. 
rehrding, and field maintenanw aroas. 

Indoon: Warehouser, cwridon, hrllways, 
and exitwM. 



29 CFR Ch. XVll (7-1-89 Edition) 

tn) Sanitation at  temporary workplaces.- 
(1) Potable water. (i) An adequate supply of 
potable water shall be provided on the site. 

(ii) Portable containers used to dispense 
drinking water shall be capable of being 
tightly closed, and equipped with a tap. 
Water shall not be dipped from containers. 

(iii) Any container used to distribute 
drhkbg water shall be clearly marked as to 
the nature of its contents and not used for 
any other purpose. 

(iv) Where single service cups (to be used 
but once) are supplied, both a sanitary con- 
tainer for the unused cups and a receptacle 
for disposing of the used cups shall be pro- 
vided. 

(2) Nonpotable water. (i) Outlets for non- 
potable water, such as water for firefighting 
purposes, shall be identified to indicate 
clearly that the water is unsafe and is not to 
be used for drinking, washing, or cooking 
Purposes. 

(ii) There shall be no cross-connection, 
open or potential, between a system furnish- 
ing potable water and a system furnishing 
nonpotable water. 

(3)  Toilet facilities. (i) Toilets shall be pro- 
vided for employees according to the follow- 
ing Table H-120.2. 

F w t ~  

5 .........-.,..... 

10 ........-......... 

30 .......... 

kea or operations 

Tumds, shafts, and general underground 
W areas. (Exception: Minimum of 10 
foot-candles is required at tunnel and shaft 
W n g  during drilling mucking, and scal- 
ing. Mim Safety and Health Administration 
approved cap lights shall k acceptable 
for use in the tunnel heading.) 

General shops (e.g., mechanical and electri- 
cal equipment rooms, active rtorerooms, 
baf?ac&s or living quarters, locker or dress- 
ing rooms, diniq arms, and indoor toilets 
and ~ ~ . )  

F a  rid stations, infmw-. and offices. 

(ii) Under temporary field conditions, pro- 
visions shall be made to assure that a t  least 
one W e t  facility is available. 

(iii) Hazardous waste sites not provided 
with a sanitary sewer shall be provided with 
the following toilet facilities unless prohib- 
ited by local codes: 

Nu* ol mpbyom 

f ................... 
More than 20, f m r  than 
200. 

Muo lh8n 200 .....---..-...-. 

(A) Chemical toilets: 
(B) Recirculating toilets; 
(C) Combustion toilets; or 
(Dl Flush toilets. 
(iv) The requirements of this paragraph 

for sanitation facilities shall not apply to 
mobile crews having transportation readily 
available to nearby toilet facilities. 

(v) Doors entering toilet facilities shall be 
provided with entrance locks controlled 
from inside the facility. 

(4) Food handling. All food service facili- 
ties and operations for employees shall meet 
the applicable laws, ordinances, and regula- 
tions of the jurisdictions in Which they are 
located. 

(5) Temporary steeping quarters. When 
temporary sleeping quarters are provided, 
they shall be heated, ventilated, and light- 
ed. 

(6) Washing facilities. The employer shall 
provide adequate washing facilities for em- 
ployees engaged in operations where haz- 
ardous substances may be harmful to em- 
ployees. Such facilities shall be in near 
proximity to the worksite; in areas where 
exposures are below permissible exposure 
limits and published exposure levels and 
which are under the controls of the employ- 
er; and shall be so equipped as to enable em- 
ployees to remove hazardous substances 
from themselves. 

(7) Showers and change rooms. When haz- 
ardous waste clean-up or removal operations 
commence on a site and the duration of the 
work will require six months or greater time 
to complete, the employer shall provide 
showers and change rooms for all employees 
exposed to hazardous substances and health 
hazards involved in hazardous waste clean- 
up or removal operations. 

(i) Showers shall be provided and shall 
meet the requirements of 29 CFR 
1910.141(d)(3). 

(ii) Change rooms shall be provided and 
shall meet the requirements of 29 CFR 
1910.141te). Change rooms shall consist of 
two separate change areas separated by the 
shower area required in paragraph (n)(7)(i) 
of this section. One change area, with an 
exit leading off the worksite, shall provide 
employees with a clean area where they can 
remove, store, and put on street clothing. 
The second area, with an exit to the work- 
site, shall provide employees with an area 
where they can put on, remove and store 
work clothing and personal protective 
equipment. 

(iii) Showers and change rooms shall be . 
located in areas where exposures are below 
the permissible exposure l M t s  and pub- 
lished exposure levels. If this cannot be ac- 
complished, then a ventilation system shall 
be provided that will supply air that is 
below the permissible exposure limits and 
published exposure levels. 

M i u m  n u m b  ol f ac i l i i  

om. 
Om toilet ~ 8 t  and w 

urinal per 40 mploy..r. 
Orw toibt -1 urd om 

urinal p8f 50 omployom. 



(fv) Employers shall assure that employ- 
ees shower .at the end of their work shift 
md when leaving the hazardous waste site. 

(0) New technolow program. (1) The em- 
ployer shall develop and implement proce- 
dures for the introduction of effective new 
technologies and equipment developed for 
the improved protection of employees work- 
ing with hazardous waste clean-up oper- 
B~~oIB, and the same shall be implemented 
as part of the site safety and health pro- 
gram to assure that employee protection is 
being maintained. 

(2) New technologies, equipment or con- 
trol measures available to the industry, such 
as the use of foams, absorbents, adsorbents, 
neutralizers, or other means to suppress the 
level of air contaminates while excavating 
the site or for spill control, shall be evaluat- 
ed by employers or their representatives. 
Such an evaluation shall be done to deter- 
mine the effectiveness of the new methods, 
materials, or equipment before implement- 
ing their use on a large scale for enhancing 
employee protection. Information and data 
from manufacturers or suppliers may be 
used as part of the employer's evaluation 
effort. Such evaluations shall be made avail- 
able to OSHA upon request. 

(p) Certain Operations Conducted Under 
the Resource Conservation and Recovery 
Act of 1976 (RCRA). Employers conducting 
operations at  treatment, storage, and dispos- 
al (TSD) facilities specified in paragraph 
ta)(l)(iv) of this section not exempted by 
paragraph ta)(2)(iii) of this section shall 
provide and implement the programs speci- 
fied in this paragraph. 

(1) Safety and health program The em- 
ployer shall develop and implement a writ- 
ten safety and health program for employ- 
ees involved in hazardous waste operations 
that shall be available for inspection by em- 
ployees, their representatives and OSHA 
Personnel. The program shall be designed to 
identify, evaluate and control safety and 
health hazards in their facilities for the 
Purpose of employee protection, to provide 
for emergency response meeting the re- 
QuiremenQ of paragraph (p)(8) of this sec- 
tion and to address as appropriate site anal- 
Ysis, engineering controls, maximum expo- 
sure limits, hazardous waste handling proce- 
dures and uses of new technologies. 

(2) Hazard communication program. The 
employer shall implement a hazard commu- 
nication program meeting the requirements 
of 29 CFR 1910.1200 9s part of the employ- 
er's safety and program. 

NOTE TO 1~10.12o.-The exemption for 
hazardous waste provided in 8 1910.1200 is 
applicable to this section. 

(3)  Medical surveillance program The em- 
Ployer shall develop and implement a medi- 
cal surveillance program meeting the re- 
quirements of paragraph (f) of this section. 

(4) Decontamination pmomm The em- 
ployer shall develop and implement a decon- 
tamination procedure meeting the require- 
ments of paragraph (k) of this section. 

(5) Neto technology program The employ- 
er shall develop and implement procedures 
meeting the requirements of paragraph to) 
of this section for introducing new and inno- 
vative equipment into the workplace. 

(6) Material handling program Where 
employees will be handling dnuns or con- 
tainers, the employer shall develop and im- 
plement procedures meeting the require- 
ments of paragraphs (j)(l) (ii) through tviii) 
and (xi) of this section, as well as (j)(3) and 
(j)(8) of this section prior to starting such 
work. 

(7) Tmi ning progtam-4) Neto employees. 
The employer shall develop and implement 
a trsfning program, which is part of the em- 
ployer's safety and health program, for em- 
ployees involved with hazardous waste oper- 
ations to enable employees to perform their 
assigned duties and functions in a safe and 
healthful manner so as not to endanger 
themselves or other employees. The initial 
training shall be for 24 hours and refresher 
training shall be for eight hours annually. 
Employees who have received the initial 
training required by this paragraph shall be 
given a written certificate attesting that 
they have successfully completed the neces- 
sary training. 

(ii) Current mployees. Employers who cam 
show by an employee's previous work expe- 
rience and/or training that the employee 
has had training equivalent to the initial 
training required by this paragraph, shall 
be considered as meeting the initial training 
requirements of this paragraph as to that 
employee. Equivalent tralnhg includes the 
training that existing employees might have 
already received from actual site work expe- 
rience. Current employees shall receive 
eight hours of refresher training annually. 

(iii) Trainers. Trainers who teach initial 
training shall have satisfactorily completed 
a training course for teaching the subjects 
they are expected to teach or they shall 
have the academic credentials and instruc- 
tion experience necessary to demonstrate a 
good command of the subject matter of the 
courses and competent instnictional skills. 

(8) Emergency response program-4) 
Emergency response plan An emergency re- 
sponse plan shall be developed and Imple- 
mented by all employers. Such plans need 
not duplicate any of the subjects fully ad- 
dressed in the employer's contingency plan- 
ning required by permits. such as those 
issued by the U.S. Environmental Protec- 
tion Agency, provided that the contingency 
plan is made part of the emergency re- 
sponse plan. The emergency response plan 
shall be a written portion of the employers 
safety and health program required in para- 
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EMERGENCY FIRST AID PROCEDURES 

If an employee working in a contaminated area is physically injured, Red Cross first aid 

procedures will be followed. Depending on the severity of the injury, emergency medical 

response may be sought. If the employee can be moved, they will be taken to the edge 

of the work area (on a stretcher, if needed) where contaminated clothing will be 

removed (if possible), emergency first aid administered, and transportation to local 

emergency medical facility awaited. 

If the injury to the worker is chemical in nature (e-g., overexposure), the following first 

aid procedures are to be instituted as soon as possible: 

Eve  expos^^ - If contaminated solid or liquid gets into the eyes, wash eyes 

immediately at the emergency eyewash stations using large amounts of water and 

lifting the lower and upper lids occasionally. Obtain medical 'attention 

immediately. (Contact lenses are not permitted in the Exclusion Areas.) 

Skin Exposure - If contaminated solid or liquid gets on the skin, promptly wash 

contaminated skin using soap or mild detergent and water. If solids or liquid 

penetrate through the clothing, remove the clothing immediately and wash the skin 

using soap or mild detergent and water. Obtain medical attention immediately if 

symptoms warrant. 

Breathing, - If a person breathes in large amounts of organic vapor, move the 

exposed person to fresh air at once. If breathing has stopped, perform artificial 

respiration. Keep the affected person warm and at rest. Obtain medical attention 

as soon as possible. 

Remedial Investigation Work Plan - SSHP 

Stratford Army Engine Plant 

Stratford. Connecticut 
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Swallowing - Place victim on side if vomiting. Phone SAEP Security Headquarters 

at extension 2767 (2SOS); have containers in hand if possible. Follow directions 
from SAEP Security Headquarters. Contact the Poison Control Center if 

necessary at (800) 962-1253. Monitor the victim's vital signs (i.e., breathing and 
pulse). Save containers and any vomit. 

GENERAL FIRST AID PROCEDURES 

Remove the injured or exposed person(s) from immediate danger. 

Render first aid if necessary, and decontaminate affected personnel, if necessary. 
Call an ambulance for transport to local hospital immediately. This urocedure 

should be foIlowed even if there is no amarent serious injury. 
Evacuate other personnel on-site to a safe place until the Site Manager (assisted 
by the WCC SSO) determines that it is safe for work to resume. 
Report the accident to the New York Metro BUHSO immediately. 
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EMERGENCY FIRST AID INSTRUCTION 
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EMERGENCY 
FIRST AID INSTRUCTION 

I N  CASE OF A SERIOUS ACCIDENT: 
J 

MOVE FAST! 
1. RESCUE: h m o n  vlctlm from a danQoroua dtuation. 
2. CHECK BREATHING: 01- artiflcia~ mapimtlon If necerury.' Give this informrtkn: 
3. CONTROL SEVERE BLEEDING: Uw dlnct m u m  and dwnlon. L location of emergency phone I you a n  calling from 
4. DILUTE POISONS: Uae l a w  quantitioa of mllk or water. 
5. CALL FOR HELP (ACTIVATE EMERGENCY MEDICAL SYSTEM) . 

I Injury (number and type) 
f f lnt  aid g lnn  

" k t  them hano UP t in t  - YOU HANG UP USR" E equlpmrnt W e d  or wallable 

STOPPAGE OF BREATHING HEART ArrACK 
GI; 8rtificlal msDlntlon - Mouth-to-mouth method: 
1. Determine u&esponslveness - "An you OK?" 
2. SHOUT for help. 
3. 0 n rlrway use Head.TllVChln-Lltt. r 4. C eck bmathlng (3-5 wconds). 
5. Determine if not bmathlng. 
6. Give two full slow breath8 

(mrintrln open airway, 
pinch now, inhale, real mouth). 

7. Look, listen, and feel (&out 5 wconds). 
8. Check PULSE for 510 wconds. 
9. CALL 911 or 0 FOR HELP 

WIVATE EMS SYSTEM) 
10. START rescue breathing. Hod-TIlVChin-LM 

Breathe for. adults once every 5 reconds. 
chlidren once every 4 seconds. 
infants once every 3 seconds (Qentle puffs). 

WOUNDS 
1. Control bleeding: Direct pressure on wound with a sterile 

dressing (if available). Elevate injured m a  if porrible. Apply 
pressure to supplying blood vessel. 

2. Apply dry sterile dressings, if needed add mom dresslng WER 
the area W NUT REMOVE THE OLD DRESSINGS! 

3. Cleanse minor injuries thoroughly. Use mild hand soap m d  
water (wash your hands first). 

4. Treat for shock. 
5. If evidence of Infection appears, see a doctor. 

BURNS 
1. Relieve pain and prevent contamination. Small minor burns - 

cold water (NOT ICE WATER). Large extensive burns -dry sterile 
dressings. Bandage to exclude air. 

2. Treat for shock. 
3. Seek medical assistmcr 

Symptoms: Chest paln, p l n  M i n i n g  down left arm, bmathln 
difficulty, ruelling o ankles, chronic cou h, blulsh color o! 
face, f e  er nail ~ s ,  under .)nlids, 1ns1B. mouth or under 
tongue. [hock u a rule. 

Fint Aid: 
1. Comfortable posltlon - loosen a11 tlght clothing. 
2. Raise head m d  chest i f  breathing I8 dlfflcult. 
3. If breathing stops, apply 8rtlflcial respiration or 

cardiopulmonary resuscitation CPR), If Indicated. 
4. CIU FOR HELP UCTlUTE EMS & E M )  equipped with oxygen 

m d  contact victim's own doctor. 

FRACTURES 
1. MJntrln open airwy and apply 8rtifici.l rssplratlon If Indicated. 
2. Do not move victim - unless in case of llfe threatening danger. 
3. CALL FOR HELP (ACTIVATE EMS SYSTEM) If indicated. 
4. Keep the broken bone ends and adjacent joints quiet. 
5. Control bleeding if premnt and apply splints. 

PO~SON~NG (conscious victim only) 
1. Dllute poison wlth milk or water (ex- 

cept petroleum product polsonlng). 
Discontinue if vlctim becomes nau- 
seated. 

2. Save the label, container mdlor a s8m- 
ple of the vomit for chemical analysis 
and identification. COI(Q 

3. CALL FOR HELP (ACTIVATE EMS SKIEM) 
and call the Poison Control Center. 

4. I f  breathing sto s, maintain open airway, apply artificial 
respiration or car8opulmonary resuscitation (CPR), If indicated. 

5. Induce vomlting (except acids, alkali, convulsions, petroleum 
based, semlconscious or unconscious) IF MEDICAL ADVICE OR 
HELP IS DELAYED OR IF THE POISON CONTROL CENTER INDI- 
CATES 70 DO SQ 

HEAT EXHAUSTION 
SHOCK 1. Give si s of salt water for 1 hour (one tsp. salt per 112 glass 
1. Limit actlvlty, victim down If face Is md RAISE the HEAD) "a B ever 1% minutes SOP If victim becomes nauseated). 

&face is pale AISE the FE 8 to 12 inches) 2. Prov de nst, loosen clothing and nise feet 8-12 inches. 
2. ver victim ONLY enou h to keep from loslng body hwt. 3. Appl wet, cool cloths m d  fan victim or remove him to an air 
3. Shock m be FATAL - dL.L FOR HELP conJtioned room. 

L K ~ ~ V A T E ~ M S  SYSTEM). 4. Take victim, as soon 88 posslblq to hospital. 

FROSTBITE SIMPLE FAINTING - - 
1. Cover the frozen part. Separate frozen fingen or toes with dry 1. Keep victim trying down wlth feet mlsed 612 inches until 

rterile gauze. recovery Is complete. 
2. Provide extra clothlng and blankets. 2. Loosen any tlght clothlng and keep crowds awey. Maintain open 
3. Quickly immerse chilled part in warm water (l02' 105.F). rlrwry. 
4. DO NOT RUB frozen part. 3. Bathe face entl with cool water - DO NOT POUR WATER 
5. Give a warm non-alcoholic drlnk - if victim is conscious and OVER YICTI&'I LE. 

not vomiting. 4. Unless recovery is prompt - CALL FOR HELP (ACTIVATE EMS 
6. CALL FOR HELP (MTIWTE EMS SYSTEM). SYSTEM). 





FIRST AID FOR CHOKING 

Remedial Investigation Work Plan - SSHP 
Stratford Army Engine Plant 

Stratford, Conr,ecticut 

amb\89~114cc\d003mis.w51 





FIRST AID 
FOR CHOKING 

1. Ask: - 2 . ~ i v e  the Grasp your fist with your 
"Are You Choking?" Heimlich Maneuver. other hand. 
If victim cannot breathe, Stand behind the victim. PRESS INTO STOMACH 
cough, or speak.. . Wrap your arms around the WITH A QUICK UPWARD 

Call (Shout) for HELP! victim's waist. THRUST. 
Make a fist with one hand. 3. Repeat until object 
PLACE your FIST (thumbside) is expelled or until 
against the victim's stomach victim becomes in the midline just ABOVE 
THE NAVEL AND WELL U ~ C O ~ S C ~ O U S .  
BELOW THE RIB MARGIN. 

IF A VICTIM HAS BECOME UNCONSCIOUS: 
CALL 911 or 0 FOR HELP (ACTIVATE THE EMS SYSTEM) 

4.sweep the mouth. 5. Attempt rescue breathing. 6. Give 6-10 abdominal thrusts. 
Repeat Steps 4, 5 and 6 as 
necessary. 

Everyone should learn how to perform the steps above for choking and how to give rescue breathing and 
CPR. Call your local American Red Cross chapter for information on these and other fint aid techniques. 
Caution: The Heimlich Manei~ver (abdominal thrust) may cause injury. Do not practice on people. 





FIRST AID FOR ARTIFICIAL RESPIRATION 

Remedial Investigation Work Plan - SSHP 
Stratford Army Engine Plant 

Stratford. Connecticut 
arnbW9cl14cc\d003rnis.w5l 





I 

1 

w 
ARTIFICIAL RESPIRATION 

MOUTH-TO-MOUTH METHOD 
IF A VlCTlM APPEARS TD BE 
UNCONSCIOUS TAP VICTIM ON 
THE SHOULDER AND SHOUT, 
"ARE YOU OKAY?" 
TO ATTRACT ATTENTION 
SHOUT FOR "HELP''. 

IF THERE IS NO RESPONSE 
TILT THE VICTIM'S HEAR Place 
the fingers on one hand under 
the bony part of the lower jaw 
near the chin and lift to bring the 
chin forward. At the same tlme, 
push with the other hand on the 
victim's forehead. This wlll ro- 
tate the head and cause the ton- 
gue to move away from.the back 
of the throat to open the airway, 

IMMEDIATELY LOOK. LISTEN AND FEEL FOR AIR While main- 
taining the backward head tilt position, place your cheek and 
ear close to the victim's mouth and nose. Look for the chest 
to rise and fall whlle you listen and feel for the return of air. 
Check for 5 5  seconds. 

IF THE VICTIM IS NOT BREATHING 
GIVE TWO FULL SLOW 
BREATHS. Maintain the back- 
ward head tilt, pinch the victim's 
nose with the hand that is on the 
victim's forehead to prevent 
leakage of alr, open your mouth 
wide, take a deep breath, seal 
your mouth around the victim's 
mouth, and blow into the vlc- 
tim's mouth with two full 
breaths. Adequate tlme for the 

two breaths (1 to 1.5 seconds per breath) should be allowed 
to provide for good chest expansion. 
If you do not get an air exchange when you blow the f lnt  
time, REPOSITION THE HEAD AND TRY AGAIN. If chest 
rises, check for pulse on the neck. Activate EMS System. 
If chest falls to rise, give abdominal thrusts. 

If 1 HERE IS STILL NO 
BREATHING 
CALL FOR HELP (ACTIVATE 
EMS SYSTEM) AND BEGIN AR* 
TlFlClAL RESPIRATION. 
Change Rate To: 
Adults: 

I 
One breath every 5 seconds 

Children: 
One breath every 4 seconds 

Infants: 
One breath every 3 seconds 

Continue until help arrives. 

MOUTH-TO-NOSE METHOD 
For the mouth-to-now method, 
maintain the position by placing 
the heel of the hand on the fon- 
haad m d  using the other hand 
to lift the vlctlm% lower jaw 
(bony part) and ciow the mouth. 
Seal your lips around the vic- 
tim's nose and blow lnto the 
nose. On the exhalation phase, 
o w n  the victim's mouth to dlow 
alr to exhale. 

RELATED INFORMATION 

FOR ADULTS, 
HEIMLICH MANEUVER 
straddle victims knws or one 
leg If victim Is large. Place heel 
of one hand agalnst vlctlm's 8b- 
domen In the midiine~blightly 
above navel and well below the 
sternum. Place second hand 
directly over f in t  hand, keep 
flngers elevated. Pnss lnto the 
abdomen wlth quick upward 

thrusts wlth the Intent of expelling the blockage. Perform 
6-10 abdominal thrusts. 

FOR CONSCIOUS INFANW. CLEAR 
OBSTRUCTION WITH BACK 
BLOWS Place the Infant face 
down over the rescuer's forearm 
resting on thlgh. Support head 
and neck wlth hand and fingers. 
Keep infant in head down posl- 
tlon, and dellver 4 back blows, 
forcefully, between the shoulder 
blades with the heel of your 
hand. 

CHEST THRUSTS 
Whlle supporting the head and 
neck, sandwich infant between 
your hands and forearms and 
turn onto back, wlth head lower 
than trunk. Then, lie infant on 
firm surface and dellver 4 
thrusts In the midsternal region 
(2-3 fingers on sternum, 1 
finger's width below imaginary 
line between nipples). 

CLEAR MOUTH WITH LITTLE FINGER IF OBJEC7 CAN BE 
SEEN. DO NOT ATTEMPT TO REMOVE THE OBJECT IF IT 
IS NOT SEEN! REPEAT UNTIL OBJECT IS EXPELLED. 
If child becomes unconscious, yell for HELP - give 2 puffs 
of air then repeat steps above. 
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E-(R)R ~OVUINMM PERSONNEL WV) ~ b l  pay 3.d . . 
0s: E-T; WQ8; WlZ; 6811; ek. 
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I. JbB SERl WITlLE - FW gbw- Wdsn empk 
pay plan, full aerie6 rmtw, and iob Uth, a. 09-dB1 
~nei-. b m ~ . n p r p ~ n ~ d & m i  
sccupadlonal spedalty (PMOS), s4,tslW) w l1QSa. 
mfmh empnDpes enrw the job Wle essi(Fsd b the I jursd 
m m n ,  ag. catpew,  Mwrar, survryor, *. T" 

g. DUlY STATUS --Merk the approprlah bw 
(I) ON D W-Pewor, was at duty matkn durlng duw urn or 

pumu~awayfromdutyt~adurhodutyhDulD&ita 
oftrcialbusinssaatUmbdlhlbawldsnL 

(2) TDY-prrcon wm on official tuak#sr, away hum t)H duty 
M a d o o M O N m ~ d w r q a I W 1 6 0 t ~ ~  

(8) 6 ~ M r r Y - p s r ~ n ~ r n o C 0 n o n # r l ~ o l ~ d  
acddeM 

h. EMPLOYMENT STAlllS-(FOR OC)VECIFMENT PER NNEL 
m ~ n D * Y m ~ a p p r m ~ m ~ n m m d f L l  
~ I h s e l n p b y m s n t a t a t u r d ~ ~ r s o n .  

INSlRUC'l'lON FOR SECTION 3-GENERAL 
1NFQRMANON 
a. RATE OP ACCIPM- Enter the month, day, and year Qf 

exidenG 

G MOT LddAtlON OP ACCIDENT- Enter f a a  

d -@NAME 
(1) PRIME-Entw tho exad name (me d flm) of the pnne 

a C O N M  NU--ktartr th9 
m t t a c t b d v i l ~ , ~ n I ~ ~ w ~ r : H  
spocnL cuntrm approprJatkn en lbrr pmUded. Enter 
mV&ct  wmber of prime oanlract, 



FOR ~ECTIO$ 6-INJURY/lLLNESS 
i 

tua tTrwzd mbr the rrthated number " -E$$wm-.lb.+ 

ELBLlW 

FINDER 

mM)OT)IER 

ED 8 ~ B E W S  
W 8Wdt.E- j 
PI RRmnNan ! 
m ~ ~ T H ~ W F I ~ J G E ~  
Pb 8 ~ D F ~ L R  

BQTHMC~)~~RH&RS 
R WROFINQER 
f a  6 0 1 " ~ ) r n ~ E ; ( S  
n F ~ H  nww 

r n H X I R M ~  
01 BRmTlQE 
a eOTHaReAtTDES~ 
w TOBOTWER 
CU TOESOTUPR , 
HI e Y e m L  
H2 BQlWaYeBbmRhkl 
N3 EAiaEmEPNAL 
H4 BOTHEARS- 
HO CMN 
HF FACE 
nu N E W T ~ ~ M T  
HM NOUTMNPS 
HN NwE 
HS SCALP 

KNEE W aDrH##eB 
us K N l  

reo, HIP, ANKLE, l.6 mLM381)(IPSI 
E m  AMUESA3lmoac3 

L8 SINaLLLEQlnlP 
-0Oc 

HAND ME WlWHAND8 
IJS 81NQEHAND 

WOt PE KlTN FEET 
PS SlNOLeFOQI 

WIIIM(,BOtdEa . R1 S I W C O L U A E  
M m - w s  
RS SHWLDERBUoE 
R4 B O T H S H ~ E R ~  
AB RIB 

RZ M B d N E 8 0 T I . ( E  

8HMILbeR S BQTHBHOUU)EABI 
98 81KWsnWrMR. 

MUMU lB BOTNnums 
rs GHMCTHUMB 

T R U m t M L ~ d R M P L g  w -SIN- 
M LmQsBOhl 
W KDNEVeEMW 
v4 KDNeVSrnM 
M HLI#r 
K LlMR 

REfmwcTivRlbRo)ura 
VB 6mwcH 
W I M W l l M 6  
vr mw-k*En 



I l'F '=I? mOlllRE 
m HBRNJA 

I m ccpJcuswN n uOtRAnau.cvr 
lP KIN- 
ro 6Tph.LIU.WE 
TU , BUR# 80ALR SUNBURN 
TI ~ ~ T I C s K N O ~ ~  

ooEcDmoN8 
ltamlNa DlnMATrn 

tA TRAWnO#SPIRArnRY 
U3eAM 
WUAUTK; #XIO POISONIN0 

Iw T l ? h l m ~ ; T t l ~ s  
TX muUATlaMRdL0GlK;AU 

mq-mmm 
T1 TRAUHAYIO CEREBRAL VABbuun 

l.wwmxE 
UHATK: HeARIESc LOSS r 

Ts t R A W T I C C e A R I ~  
T4 mUMATlC MENTAL DISORDER: 

~ # e s s : n m v r ) u s ~ u ~  
~a mbuwm INJURY - m e R  

~ O l ~ I w E s a )  
I 

dl9&bNty b a eriartbd Wilbn &ak not moo( tho dennlt~on 
Y or Uisibiuty a6 degMbsd above. . 

~ENeRALWATURE NANRE OF W R Y  
CATmORY CODE NANC 

SKIN D E W  88 WOLaOlGAL 
QCMlDltIoN 6C CHEMICAL 

69 DEWTITIS, UMCUSGSIED 

worklnp surlaoej 

(1) AnemproyeeMRpedon snddmdthbhrdma sk 
nm 10 (WI on sMw)=r) SOURCE: ma (gIkkYI 

r n ~ e b x s r n p l r ~ m b e a b d ~ l m ( ~ ~ ~ l n a ) 1 n d o 1 4 0 ~ ) .  
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below and ewer the name on me line a M  the mnerwxldr Ik""l* eade n . r - '  Ihe appmpriale bow. 
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0110 r n u a c B Y  
0 STClWUBVFAUGOgJBCI 
0 1 a  $'I'RUC;X AGAINST 

FELL, 8LRPEDl lW1PPED 
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FELL D l m R e M  N 
GLIPPEO, TRIPPED (Nb FAU) 

PUNCTURED, W R A E D  
WNCYURO BY 
Cur BY 
6WNd 0V 
BmEN BY 

M(QTU3RD 
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m T m  nv (OSJErn W M  MOWm 
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IAOwR 
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EWI-LAYDUT (EAGONOMIC) 
W I m , M  
m z w  



a AIR TOOC 

1021 M V M  MUIPMEM 
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radbY1) 
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Qml 
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wawtwmvmw~a-~aa,-r&n. 
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a. WPE OF VEHICLE-M& 
hwhrsdHmmenor# 

bborkewhwhldr. 

mukrnwwdms 
LnaM(I*.lM-mdrOo-MIL 
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M A E W  AL MVOLVBD 
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dUlPnr04~Mdhbor) ,Uany,  I 
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rgpMFfl& M r , p  subs- oom-I fl 6ar nd 
~b~ 8 t . n G h b r ( a l d ~ A a  
Wrrmdnt 

&m 

: I N S ' S R ~ O N 3  FOR SECnON ~ ) . - - ~ & N ~ E M ~  
REVIEW (2nd) 

INSTRWQN8 FOR SECTION 18- SAFETY ANV 
OCCUPATIONAL H W H  REVIEW 

l N $ ' f ' R ~ O M  FOR SECTION 19-COMMAND 
APPROVAL 



ATTACHMENT 19 
TRAINING DOCUMENTATION 

Phase Il RI Work Plan 

Stratford Army Engine Plant 

Stratford, Connecticut 

s\P3MllLL\dW3mir.w51 









Certificate 
, 4 i' .", l%k is to chtify that 
; 9 
.g :, i . ED HASTI NGS 

is a.b bbeby awarded tbis Cert+cate signifying 
.. .. . the stvccessftvl completion of 

HEALTH ' & SAFETY OPERAT l ONS AT HAZARDOUS bIATER I ALS S l TES 
29 CFR 1910,120 ( ~ ) ( 2 )  32 HOURS 

Attested to this 78 day of M~RCH 19 .L 

A a.snJ4 
li~rtrnctor 

of Training 





Woodward-Clyde 8 
Employee Medical Surveillance Program 

HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION 

lnitial Exit 
Routine Periodic Drug Testing 

Status Update 17 Other 

Assistant Project Scientist 
Expiration Date 

Edward M , Hastings 2-4-95 
Social Security Number Exam ID / 098-60-8872 1 12778 I 

The following recommendation is based on a review of the history questionnaire, diagnostic tests, physical examination and the 
specific requirements of the position applied for or occupied by the individual named above. The recommendations comply with 
Federal OSHA standards. 

YES NO UNDECIDED 

Has the employee any detected medical conditions that would increase 
hismer risk of material health impairment from occupational exposure? 

0 El 

Does the employee have any limitations in the use of personal protective 
equipment (e.g. clothing or respirators)? 

El 

w 
STATUS 

1. QUALIFIED The examination indicates no signiticant medical impairment, can be assigned any work consis- 
tent with skills and training. 

2. QUALIFIED The examination indicates non-occupational medical impairments, referred to personal 
physician for follow-up. Can be assigned to any work consistent with skills and training. 

3. QUALIFIED - WITH UMlTATlONS 

Limitations are: - 

5. OTHER 

The Employee has been informed d the examination findings. 

Qlgnature: LL19 Date:- 
2-28-94 

uu' Peter P. Greaney, MD 

Greaney Medical Group 
P.O. Box 61 071 

Anaheim, CA 92803-6171 
71 4-5358221 

WaodwubCtykH.. l thI-fW 
5120 Butler Pike 

PlymotA W n g ,  PA 19462 
21H2s3ooo 
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Walth & S ety Trainlhg 
This Certifies That 

Edward M. Hastings 
Has successfully completed eight hours of Confined Space Entry/Level B 
training. 

Health and Safety Manager V 

David M. Carl, CET 
Health and Safety Officer 

Course Date: April 14,1994 

n Woodward-Clyde w Course Location: Philadelphia, PA 

Engineering & sciences applied to the earth & its environment Serial Number: 098-60-8872 









Health & s;fety  raini in^' 
Trus Certifies That 

Has completed eight hours of training toward fulfillment of annual refresher training 
requirements for hazardous waste/materials workers under OSHA 29 CFR 1910.120 

7/@ 4c"- Phil ip L. Jone , :.S., C.I.H. 
~eal t -h  and Safety Manager 1/ 

-- 

RodD.Petri,M.S.,C.E.T. 
Training Program Manager 

Course Date: July 21,1994 

Course Location: Wayne, New Jersey 

Engineering a sciences applied to the earth a its environment Serial Number: 191-46-9255 





Woodward-Clyde @ 
Employee Medical Surveillance Program 

HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION 

0 Initial Exit 
El Routine Periodic 0 Drug Testing 

Status Update 0 Other 

I Position 

Wayne WCFS 4-5-95 

Social Security Number 

Exam Date I 
7 

Employer Woodward-Clyde 1 191-46-9255 1 12784 

The following recommendation is based on a review of the history questionnaire, diagnostic tests, physical examination and the 
specific requirements of the position applied for or occupied by the individual named above. The recommendations comply 
with Federal OSHA standards. 

YES NO UNDECIDED 

Assistant Project Sc:ientist 
Location 

Has the employee any detected medical conditions that would increase 
his/her risk of material health impairment from occupational exposure? 

4-5-94 
Expiration Date 

w o e s  the employee have any limitltions in the use of personal protective 
equipment (e.g. clothing or respirators)? 

STATUS 

6d QUALIFIED The examination indicates no significant medical impairment, can be assigned any work consistent 
with skills and training. 

O QUALIFIED - WITH LIMITATIONS 
Limitations are: - 

NOT QUALIFIED 

4. OTHER 

The Employee has been info~med of 

Signature: 4-26-94 
Peter P. Qmaney, MD b 

J 
G m c y  Modid Group 

1105 S. Anaheim Blvd. 
Anaheim, CA 92805 

71 4-535-8221 

W o o d w ~ e ~ ~ ~  
5120 Butler Pike 

plymouth Meeting, PA 19962 
215-825-3000 

















Thehmicm dm cuxgnkm this mining as W d  
for one year from completion date. 

Ccn.653212 (Jan. 1993) 









WoodwardGlyde @ 
Emr~loyee Medical Surveillance Program 

HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION 

@I Initial Exit 
0 Routine Periodic 0 Drug Testing 
0 Status Update 0 Other 

I Position I ExMl Oat= I 
Fie ld  Technician 

Location Expiration Date 

I Employer Woodward-Clyde ( 137-78-7972 1 011665 1 
Employee Zoltan E. K o i l e r  

The following recommendation is based on a review of the history questionnaire, diagnostic tests, physical examination and the 
specific requirements of the position applied for or occupied by the individual named above. The recommendations comply 
with Federal OSHA standards. 

YES NO UNDECIDED 

Has the employee any detected medical conditions that would increase 
hidher risk of material health impairment from occupational exposure? 

Wayne 
Social Security Number 

oes the employee have any limitations in the use of personal protective 
uipment (e.g. clothing or respirators)? * 

04/13/95 

Exam ID 

STATUS 

1. QUALIFIED The examination indicates no significant medical impairment, can be assigned any work consistent 
with skills and training. 

2. QUALIFIED - WITH LIMITATIONS 
Limitations are: - 

3. 0 NOT QUALIFIED 

4. OTHER 

The Employee has been informed of the examination fin9gs. 

05/04/94 
Signature: 

Peter P. Qreaney, MD I / 

Gmaney Medical Group 
1105 S. Anaheim Blvd. 
Anaheim, CA 92805 

714-5358221 

Woodwd-Uyd.  H m  & Satay 
5120 Butler Pike 

Plymouth Meeting, PA 19462 
' 215.825-3000 ' 









Th~s Certifies That 

Zoltan Koller 
Has successfully completed eight hours of Confined Space Entryhvel  B 
training. 

V 

~ e a l t b  and Safety Manager 

U d n  CaR 
David M. Carl, CET 
Health and Safety Officer 

, , 

Course Date: April 14,1994 

n 
Woodward-Clyde w Course Location: Philadelphia, PA 

- 

Engineering a sciences applied to the earth & its environment Serial Number: 137-78-7972 





C E R T I F I C A T E  OF C O M P L E T I O N  , 

PRESENTED TO 

AN JANETTE WICKER G I E L 
462-84-9328 

FOR COMPLETION OF 

SAFETY & HEALTH AT HAZARDOUS 
WASTE SITES - 40 HOURS 





- a 
Health & safety ~ r a i n i h ~  

Engineering & sciences applied to the earth a its environment 

Trus Certifies That 

Anjanette Gietl 
Has completed eight hours of training toward fulfillment of annual refresher training 
requirements for hazardous waste/materials workers under OSHA 29 CFR 1910.120 

A & 
I'dp L. ~one(~.S.,  C.I.H. 
~ e a l t h  and Safety Manager v 

-- 

Rod D. Petri, M.S., C.E.T. 
Training Program Manager 

Course Date: November 9, 1994 

Course Location: Wayne, NJ 

Serial Number: 462-84-9328 





PHYSICAL EXAMINATION FORM 
MEDICAL MONITORING PROGRAM 

Woodward-Clyde Consultants 
201 Willowbrook Boulevard 
Wayne, New Jersey 07470 

YJ (201) 785-0700 

EMPLOYEE INPUT 

Employee Name: A n\ane*e W t a e c  C \ef\ 

Social Security No.: 4 6 2  - 84 -9328 

Exam Type: ( ) Entrance Exam 
( ) Exposure Limit Exam 
( ) Pre Employment Exam 

Barnert Occupational Health Center 
680 Broadway 

Paterson, New Jersey 07514 
(201) 977-6764 

(d )  Annual Exam 
( ) Project Closeout Exam 
( ) Exit Exam 

Examination Date: , 11 17 19 

PHYSICIAN INPUT 

Physician's Name: / Dr. Stephen Cronin 
Dr. Marc Wilkenfeld 

tillYI Physician's Statement: 

This is to certifiy that I, the undersigned physician, have personally conducted a physical 
examination consistent with the requirements of OSHA Regulations 29 CF'R 1910.134(b) 10 
of the employee identified above for the purpose of determining his/her physical ability to 
use respiratory protective devices in performance of work assignments on hazardous waste 
sites. 

In my opinion, on the basis of the examination and evaluation, pending the results of 
laboratory testing, I hereby certify that this employee is: 

(4 Fit to perform stated work assignment. 
( ) Unfit to perform stated work assignment. 
( ) Fit to perform stated work assignment with following limitations: 

7 - T J  
~h~s i c i&% Signature- Date 





Woodward-Clyde Consultants 
Health and Safety Training 

This Certifies that 

Robert Gaibrois 

has successfully completed 

'Basic Health &, Safety train in^' 

Date: Oct. 16-19, 1985 

WCC Health and &fety Adrninstrator 

Location: White Plains, N.Y. 

Steve Maslansky / 
President, Geoenvironmentai Consultants 





f i s  Certifies That 

Has completed eight hours of training toward fulfillment of annual refresher training 
requirements for hazardous wastelmaterials workers under OSHA 29 CFR 1910.120 

Jq -&= P 'p L. Jone , M.S., C.I.H. 
~ e a l i h  and Safety Manager (/ 

Rod D. Petri, M.S., C.E.T. 
Training Program Manager 

Course Date: ~ u l y  21,1994 

AA Woodward-Clyde - Course Location: Wayne, New Jersey 

Engineering a sciences applied to the earth & its environment Serial Number: 125-42-5653 





Woodward-Clyde @ 
Employee Medical Surveillance Program 

HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION 

0 Initial 0 Exit 
Routine Periodic Drug Testing 

• Status Update 0 Other 

I Position I 
Hazardous Waste 

Location Expiration Date 

Wayne 

Social Security Number Exam ID 

1 Employer Woodward-Clyde 1 125-42-5653 1 12631 

The following recommendation is based on a review of the hstory questionnaire, &agnostic tests, physical examination and the 
specific requirements of the position applied for or occupied by the individual named above. 'The recommendations comply 
with Federal OSHA standards. 

YES NO UNDECIDED 

Has the employee any detected medical conditions that would increase 
hidher risk of material health impairment from occupational exposure? 

w oes the employee have any limitations in the use of personal protective 
quipment (e.g. clothing or respirators)? 

STATUS 

1. 0 QUALIFIED The examination indicates no sigmficant medical impairment, can be assigned any work consistent 
with slulls and training. 

2. QUALIFIED - WITH LIMITATIONS 
Limitations are: _gy, j 1 1 a R- -k 

3. NOT QUALIFIED 

4. OTHER 

The Employee has been informed of the examinatis findings. 

Signature: / W & M ~ W  Date: 5-2-94 
Peter P. Gmney, h$ I 

G m e y  Medical Group 
1105 S. Anaheim Bhrd. 
Anaheim, CA 92805 

71 4-535-8221 

Woodward-Clyde Hd lh  & S- 
5120 Butler Pike 

Plymouth Meeting, PA 19462 
215-825-3000 





n Woodward-Clyde w 

h s  Certifies That 

Robert Gaibrois 
- - - - - - - - - _ - _ --- - - _ . --- - - - -- --- - ---- 

Has successfully completed eight hours of Confined Space Entrybevel B 
training. 

phillip L. J O ~ ~ S ,  M.S., C.I.H. 
Health and Safety Manager 

ALL,zz7-@ David M. Carl, CET 

Health and Safety Officer 

Course Date: April 14.1994 

Course Location: Philadelphia, PA 

Engineering & sciences applied to the earth & its environment Serial Number: 125-42-5653 













Woodward-Clyde @ 
Employee Medical Sut , sitlance Program 

HEALTH STATUS MEDICAL REPORT 
Employer Copy 

TYPE OF EXAMINATION 

Initial 0 Exit 
Routine Periodic 0 Drug Testing 
Status Update 0 Other 

I Position I Exam Date I 
Senior Staff 

Location Expiration Date 

Wayne 
Social Security Number Exam ID 

I Employer Woodward-Clyde 1146-70-9338 1 012639 

The following recommendation is based on a review ofthe history questionnaire, diagnostic tests, physical examination and the 
specific requirements of the position applied for or occupied by the individual named above. The recommendations comply 
with Federal OSHA standards. 

YES NO UNDECIDED 

Has the employee any detected medical conditions that would increase 
'lidher risk of material health impairment from occupational exposure? 

m o e s  the employee have any limitations in the use of personal protective 
equipment (e.g. clothing or respirators)? 

STATUS 

1. QUALIFIED The examination indicates no sigdicant medical impairment, can be assigned any work consistent 
with skills and training. 

2. QUALIFIED - WITH LIMITATIONS 
Limitations are: - 

- - - -  - 

3. NOT QUALIFIED 

4. 0 OTHER 

The Employee has been informed of the 

06/20/94 
Slgnature: Date: - 

Peter P. Greaney, MD 

Greaney Medical Group 
1105 S. Anaheim Blvd. 
Anaheim, CA 92805 

71 4-535-8221 

W~~d~lvd-Clyde  H d t h  & SdOty 
5120 Butler Pike 

Plymouth Meeting, PA 19462 
21 5-825.3000 

















This Certifies That 

; ' " , , ' 

, % . ,  $ . ,  
. a -Jacqueline-- Heitzman 

Has completed eight hours of training toward fulfillment of annual refresher training 
requirements for hazardous waste/materials workers under OSHA 29 CFR 1910.120 

----- 

Rod D. Petn, M.S., C.E.T. 
Training Program Manager 

- Coursc Da tc: February 2, 1994 

mA Woodward-Clyde CourseLocation: Wayne, NJ 

Engineering & sciences applied to the earth & its environment Serial Number: 066-56-3582 





This certifies that 

JACQUELINE M. HAITCZMAN 
llas completed the 

STANDARD FJRSl' AID 
course of instruction sponsoretl by 

WOODWARD-CLYDE CONSULTANTS 

Date course complercd 

MAY 19, 1993 

DEBORAH STEPHENSON 

Holder's Signature 

Cert 3207 (Rev. July 1992) 





ID: DEC 01  '94 10:55 No -001  P.02 

. PHYSfCAL W I N A T I O N  FORM 
HEALTH AND SAFETY MONITORING PROGRAM 

@ EMPLOYEE INPUT 

Exam Type: ( ) Entry Exam ( )  Annual Exam 
( ) Exposure Limit Exam ( ) Project Claseaut Exam 
( ) Pre Employment Exam ( ) Exit Exam 

Employee ~~d'ii~~ 4t.i e - 14 c I fCrm Social h r i t y  NO.: 0 6 L, - 5 ~  + J 5 i b  . 
Firm: Woodward-Clydc Consultants 
Address: 201 Willowbrook Blvd. 

Wayne, NY 07470 
Tel. No.: (201) 785-0700 

Examination Datc - . //- J7; fd 

. Examining Facility Name: Barnert Occupational Health Center 
Address: 680 Broadway 

Paterson, NJ 07514 
Tel. No.: , (201) 977-6764 

Physician's Name: 
0 

Dr. Stephen R. Cronin 
f Dr. Marc Wilkenfeld 

Physician's Statement: 

This is to certifiy that I, the undersigned physician, have personally conducted a physical 
ammination consistent with the requirements of OSHA 1910.134 (b) 10 of the employee 
identified above for the purpose of determining bis/her physical ability to use respiratory 
protective devices in performance of work assignments an hazardous waste sites. 

In my opinion, on the brsi6 of the examination and evaluation, pending the results of 
laboratory testing, I heroby certify that this employee is: 

. . ( X  ) Fit to perform stated work assignment. 
( ) Unfit to perform stated work assignment. ,' 

( ) Fit to perIorm stated work assignment with following Limitations: 

#d - /&/IM 
Date / '  



APPENDIX C 

COMMENTS ON DRAFT WORK PLAN 

LOCATION OF TEXT IN 
D m  REPORT 

FSP 

FSP 

SOURCE 

USACE 
JR 

USACE 
JR 

USACE 
JR 

USACE 
JR 

I want more detail on the well construction. Everything 
and anything that you intend to do in the field should be 
here. 

COMMENT 

See Section 5.6 of revised FSP 

ACTION/RESPONSE 

Bentonite seal details should be listed. 
- - - 

See Section 5.6.5 of revised FSP. 

I am not sure why this section is in here on the stainless 
steel vs. PVC. This is a Work Plan not a technical paper. 
Please review and revise this whole section to include this 
and above mentioned comments. 

Section removed. 

The whole Section 5 (MW installation and GW sampling) 
needs to be reviewed and revised to conform to the 
General Geology Scope of Services. I am looking for 
more detail also. 

Explain development procedures. 

- -- 

See Sections 5.0 and 6.0 of revised FSP. 

See revised Section 5.6.11. 

Page 2 of 16 

- - 

The laboratory deconned bailers does not conform Lo the 
gcneral scopes. 

Changed to disposable bailers. 



APPE f, DIX C 

COMMENTS ON DRAFT WORK PLAN 

LOCATION OF TEXT IN 
DRAFT REPORT 

FSP 

FSP 

FSP 

FSP 

CDAP 

CDAP 

- 

SOURCE 

USACE 
JR 

USACE 
JR 

USACE 
JR 

USACE 
JR 

USACE 
JR 

US ACE 
JR 

USACE 
JR 

COMMENT 

The cellulose acetate butyrate tubes are not generally 
accepted. I need more detail on these and how they will 
or will nnt affect the S Z ~ F ! ~ .  

I have enclosed the drill logs we require. 

I could not frnd the development log. 

All photographs, etc., that are taken on USACE time with 
USACE funds belong to USACE and become part of our 
file. 

The references to contacting the USACE PM should be 
the TM. 

The headspace screening procedure is not clearly laid out 
in Attachment A SOP 1. 

Are we doing test pits? Remove sections of this plan that 
do not auulv to the work at hand. (There are others). 

CAB tubes are often used as liner tubes for corers. 
The supplier, Wildlife Supply Company (Wildco) 
iccoiiiiiieiided wing CAE iubes over iexan core 
tubes for the sampling to be done at SAEP. They 
report that countless studies of sediment chemistry 
have been conducted using CAB tubes. Recently, W- 
C used the tubes in a study for USEPA Region I. 
The rigorous QA/QC procedures used in this study 
found no problems attributable to the use of CAB. 
Wildco believes that it is highly unlikely that the 
CAB wiU affect the results of the sediment chemistry 
analyses. The components of CAB include cellulose, 
acetic acid, and buteric acid, none of which are 
subjects of this investigation. 

New drill log has been attached to SOPS 1 and 2. 

Development log has been attached to SOP 2. 

Okay. 

Revised. See Section 6.1 of FSP. 

- - 

Headspace screening will not be performed. 

Reference removed. 



APPENDIX C 

COMMENTS ON DRAFT W-ORK PZAN 

., 

ACTION/RESPONSE 

Decontamination can not be the same for all 
equipment because of equipment construction and 
size constraints. 

Sections revised. 

Document has been reviewed. 

Revisions made to FSP and SOPS as appropriate. 

See Section 5.6.11 of revised FSP. 

See Section 5.6.11 of revised FSP. 

LOCATION OF TEXT IN 
DRAFT REPORT 

CDAP 

SOURCE 

USACE 
.IR 

COMMENT 

Numerous sections allude to the decon. All of these 
should be the same. Everything that comes into contact 
with the equipment that goes down the hole shall be 
deconned. 

The sections that say industry standards and professional 
judgement to make changes is inappropriate. This work 
plan needs to be detailed enough that contingencies are in 
it. USACE geologist must approve any and all changes 
regarding field effort. 

Again, I feel it necessary to say that the document has 
typo errors, inconsistent procedures, spelling mistakes, etc. 
The QC process should have caught many of these, 
therefore, I am not listing them, as I assume you will have 
someone go over all of the document. 

Review and revise all sections using the guidelines in the 
General Geology Scope of Services (GGSOS). I am not 
going to list ail the sections, you will have to go through 
and change. If those procedures are not followed, please 
include an explanation on why things are being done. 

Development how many hours after grouting? 

Please de-emphasize the 5 well volumes on development 
and sampling - the stable parameters is what we are 
looking for. 

CDAP USACE I IR 

CDAP 

CDAP 

CDAP 

CDAP 

- 
USACE 

JR 

USACE 
J R 

USACE 
JR 

USACE 
JR 



APP f, DIX C 

COMMENTS ON DRAFT WORK PLAN 

LOCATION OF TEXT IN 
DRAFT REPORT 

SOURCE COMMENT 

CDAP USACE 
JR 

Need to add turbidity to the parameters for sampling and 
development. Please look over GGSOS and update this 
entire document. 1 know that yo11 have yoGr st=-dzd 
SOPs, but we need to follow USACE, or give an 
explanation. I do not want SOPs that are not to be used 
in this document. 

All SOPs in document will be used. Turbidity has 
been added (see SOPs 2 and 3). 

CDAP USACE 
JR 

Well completion is not according to GGSOS. Why? Well completion revised (see Section 5.6 of FSP and 
SOP 2). 

See Section 6.2 of revised FSP. USACE 
JR 

Oil-water interface probes are used prior to sampling - 
please add. 

The field sampling data sheet (sample collection field 
sheet) is not a USACE requirement. We require all of 
that information to be in the field log book, on site, as the 
activity is performed. 

The GW sample collection field data log is not a USACE 
requirement. Again, we require the field log book to 
contain all of this. 

CDAP 
--- 

USACE 
JR 

The field sampling data sheet is convenient for 
including the sampling information in the QCSR. 
Log books will also be used. 

CDAP USACE 
JR 

The groundwater collection field data log is 
convenient for including the sampling information in 
the QCSR. Log books will also be used. 

Liquinox will be used. CDAP USACE 
JR 

Liquinox is phosphate free. Alconox is not. 

See revised Figure 1, SOP 6. CDAP USACE 
JR 

Ensure all required entries are on the sample label. 

CDAP USACE 
JR 

The equipment decon procedures. Acetone rinse? Nitric 
solution? We should know enough about this site to state 
the decon procedure that we will be using. And it should 
be uniform in the entire document. I am not going to say 
anymore about it. .. . 

Put PPE in bags and dispose of it? Isn't this appropriate? 

SOP 7 revised. 

- 

CDAP USACE 
JR 

PPE will be put in trash dumpsters. 



APPENDIX C 

COMMENTS ON DRAFT WORK PLAN 

7 ----.---.---- 

ACTIONJPXSPQNSE 

The "sufficient" number of biological samples 
depends cn several fador:; e.g. the size sf the x e e  
under investigation, the availability and quantity of 
the target species, and the objectives of the data 
collection. 
En this case, the data quality objective (DQO) for 
tissue collection is assessment of the potential for 
site-related chemicals to bioaccumulate in indigenous 
aquatic biota. The number of samples and replicates 
proposed is adequate to determine whether or not 
bioaccurnulation is occurring. 
While the target species are known to occur in the 
Housatonic River system, it is not known whether 
they are present in sufficient numbers within the 
intertida! flats. The presence and quantity of target 
species will be investigated during the sediment 
characterization. 

SOPS revised. 

See new table 8-1 for field activity monitoring 
requirements. 

See new table 8-1 for field activity monitoring 
requirements. 

There are no USACE Omaha District personnel at 
this site. 

---- -------------- ---- 
COMMENT 

-- ----------- 
What is considered sufficient numbers to take biological 
szaples. I want to see a more cxacting descriptian here, 
as this is what fuels the activity. 

On each SOP the sampling types are listed. I do not kaow 
if a11 of this is applicable. I would like to see in this 
document only what we are doing on each site. Please 
revise. 

There is not enough information for me to decipher when 
the CGI will be used on site. 

Can't tell when or how the monitoring will occur. There 
are entries for vinyl chloride, etc. 

What do USDA people havevto do with entering the site. 
Add USACE. 

! I C ! F  TEXT IN S O U R C E  
DRAFT REPORT ------- 

FSF kR US ACE 

I r 
--- 
USACE 
JR 

USACE 
JR 

USACE 
JR 

USACE 
JR 

I 

--om- 

C P 2 '  

SSHP 

SSHP 

SSHP 



LOCATION OF TEXT IN SOURCE 
DlUBT REPORT 

USACE 

-- -- -- 

SSHP PI USACF 
JR 

COMMENTS ON DRAFT WORK PLAN 

COMMENT 

The decon process is flexible? There should be a set 
practice and it should be followed. We know enough 
ahont this site that we shynu!d not h2ve to chzgc it. 
Please remove the wording that it is flexible and can 
change. Again, any changes are to be made only with 
USACE approval. 

PPE is listed as two different disposal methods in this 
document. No QC. 

General USACE 
JR 

Anything that is listed in this document I will expect to see 
happening on site. For that reason, you might go through 
it and revise to reflect exactly what will be taking place. 

CDAP 

General 

USACE 
JR 

USACE 
JR 

Only those SOPS involved in this project should be in this 
document. 

Please state in the document that any and all deviations 
from this work plan shall be proposed and approved by 
USACE prior to taking such changes. (This is assuming 
that all of these and the other USACE team members' 
comments have been addressed). 

Section 11 has been revised. 

PPE will be put in plastic bags and placed in trash 
dumpsters (see page 59). 

0 kay. 

All SOPS in document will be used. 

See revised Section 1.1 of Work Plan. 

ESP 
Section 3.4 

Section 3.0 7 
- 7 L r - I  Section 3.2 

USACE 
SG 

USACE 
SG 

USACE 
SG 

Remove the (+ 10) from the TCL VOs reference. This 
level of detail should not be required in the FSP. This 
comment applies to all cases in which this reference is 
used. 

Woodward-Clyde did an excellent job presenting the 
responsibilities of key personnel, but they failed to identify 
the key personnel. 

This section is either missing or the remainder of the 
section is misnumbered. 

+ 10 removed 

- - - -- 

Key W-C personnel are identified on Figure 3-1. 

Sections were misnumbered. Correct section 
numbers added. 



APPENDIX C 

COMMENTS ON DRAFT WORK PLAN 

Y 

ACTION/RESPONSE 

Text corrected. 

--------*-------------- ------ 
Text cor~ected. 

Text corrected. 

Extraction methods added to Tables 4-7 and 6-1. 

Ti'CLP extraction and analysis is not applicable to this 
Phase II work. Discussion deleted in Section 6.1.4. 

Okay. 

CTDEP Marine Fisheries Division, CTDEP Western 
District Wildlife, and CT Dept. of Agriculture- 
Aquaculture Division have been added as sources. 

LOCATION OF TEXT IN 
DRAFT REPORT 

CDAP 
Section 4.1 

CDAP 
Secioq 4.2 

CDAP 
Section 4.4 

CDAP 
Table 4-7 

CDAP 
Section 6.1.4 

Work Plan 
Pg. 54 Section 3.3.1.4.3.2 

? 

SOURCE 

USACE 
SG 

USA CE 
SG 

USACE 
SG 

USACE 
SG 

USACE 
SG 

USACE 
HM 

USACE 
HM 

COMMENT 

The objectives are probably from the last CDAP 
deieloped (from Phase I). All eight areas are liot being 
addressed in this sampling event. Correct the text. -- ------- --- ---- 
Again, this sampling ev~nt  does not pertain to & eight 
areas. C3rrect the text. 

As stated earlier, the contract laboratory has previously 
provided the lab QA plan and has been validated by the 
MRD Office. Update the text. 

Include the extraction procedures intended for the metals 
analysis. 

This discussion is confusing. Clarify why and where soil 
samples would be analyzed for characteristic waste 
determination. Also clarify the Connecticut requirement 
for toxicity analysis of soil samples and the applica5ity of 
those standards to this sampling event. 

Spell check the document. 

Include the appropriate department(s) from the State of 
Connecticut as sources of information. 





APPENDIX C 

CGMTVIE?YTS ON DRArT WGRK FLAP4 

- 

ACTIOM/WSPONSE 

First paragraph: inserted 
In addition, t h e s ~  i3dividnals shall be trained and 
thnrnuehly familiar with bloodborne pathogens ... 

Attachment 18 and pg. 48. 

Attachment 19. 

----.-- 

EOCATIOPJ OF TEXT IN SOCJRC'F, COMMEWT -7 -------.----------------- ---- - 
The (minimurr? of two) designated as CBR and 
First Aid trxined, shal: be trained in universd 3 : e ~ ~ t i o x i  
and use of PPE as dcscrihed in Rlonrlhornt. Pathogen 
Stanilauci 29 CFR 19iO.l(i30. Inclusion of the Contractor's 
exposurz coritrol plan is not necessarj. Piowever, provide 
docuilieniatiou that these iiiciivikdds participate in the 
Bloodborne Patliogen Program and havz 'cecn ofkred the 
MBV vaccination series. Note: Most cwrent fist zid 
ccrurses Jo iontair~ this Slecdborne paihogen braining. 

A copy of the Accident Report ENG Form 3394 shall be 
includzd in the SSNP -with instruct~oss as to the uss of the 
form. 

Describe all training ~equirements. Provide either an 
example of ttaiuing cerLTicates a d  a list or" dl on-site 
employees so trained; or provide copies of all training 
certificates as an attachment to ihe SSHP or Work Fian. 

ME; 
us*cE 

Do not include course materials or agenda. -- 1 
Details of the heat and/or cold stress monitoring program, Pg. 29 a section for Heat Stress and Cold Exposure 
including schedules for work and r;st, and physiological added. Attachmznts 5 and 4 already in plan. 
requirements, shall be described in the SSHP. Include all 
physiological monitoring to be used. 

Visitor policy must be clearly explained in the standard See revisions to Sections 9.1 atld 9.2. 
operation procedures. Include a site specific definition of 
the term visitor. Discuss visitor access to the various site 
zones. 

SSHP 

SSHP 

-- 
SSHP 

SSHP 

USACE 
ME 

USACE 
hi5  

USACE 
MB 

USACE 
MB 



4 
APPENDIX C 

COMMENTS ON DRAFT WORK PLAN . 

LOCATION OF TEXT IN I SOURCE 
DRAFT REPORT I COMMENT I ACTION/RESPONSE II 

SSHP US ACE 
MB 

SSHP USACE 
MI3 

. . 

USACE 

SSHP USACE 

I .) a US ACE 
- MB - 

-- - - 

PG. 28,Table 4-1 I USACE 
MB 

Discuss the type, capacity/size and location of first aid 
equipment and supplies, emergency eyewashes/showers 
(cc;mi;!y .~<th AK!!SI 2-358.1 a d  provide ieiiipeied water 
(60-95 degrees Fahrenheit with assurance mechanisms to 
prevent the discharge of water in excess of 95 degrees 
Fahrenheit, emergency respirators (worst-case 
appropriate), spill control materials and equipment 
(include storage and disposal requirements); and fire 
extinguishers. Do not make compliance or reference 
guidance to fulfill this requirement. 

Specify the appropriate communication systems (i.e., air 
horns, walkie talkies, radios, telephones, etc.) based on 
site-specific conditions. 

W-C has been instructed to report all emergencies to 
SAEP's Medical Department through the Security 

I n.  uepariment. As such, ihe responsibility oi providing 

emergency supplies rests with SAEP. However, in 
accordance with W-C policy, W-C will mainatin a 
first aid kit, emergency eyewash materials, and an A- 
B-C type fire extinguisher at the site. 

Communications will be maintained at the SAEP 
with two-way radios (pg. 56, 57 & 64). 

/ All ticks can now carry the bacillus that causes c I Changed: deer tick + tkks , , 

Do not assume that cellular mobile telephone can access 
911 emergency response without l i n g  to a wired pharile 
system. 

. - 

In compliance with 29 CFR l916.59 (e) (1) (i) or 
, 1910.1200 (e) (1) (i) provide-i list of the hazardous 

materials known to be present using an identity that is 
referenced on the appropriate material safety data sheet 
(the list may be compiled for the workplace as a whole or 

' 

for individual work areas). 
r 

Explain where the MSDS will be located on-site. Provide 
a set of MSDS to be transported with any personnel 
requiring medical treatment due to on-site exposures. 

Lyme disease. . - - -  . - - - -  

Cellular telephones are not permitted at the SAEP 
(pg 57). 

Pg.27 first paragraph: added ... A full invent0 ry of 
these chemicals may be found within the Hazard 
Communiction Plan, as per 29 CFR 1910.1200 for 
SAEP. 

Pg. 27 first paragraph: The MSDS may be 
found ... ), 

- 

The header for metals lists the concentration as ppm, even 
when the chemical limits are presented gs mg/m3. 

ppms removed as necessary. 
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COMMENTS ON DRAFT WORK PLAN 

LOCATION OF TEXT IN 
DRAFT REPORT I 

SSHP 

COMMENT 

USACE 
MB 

ACTION/RESPONSE 

I 

SSHP 

SSHP 
' Q 

- .  

I .  

SSHP -- - USACE 
.). . L b . t i s  , 1 '  MB 

b. Specify where monitoring/sampling is to be 
performed. Include monitoring/sampling of 
ernp!cyee(S) vith the greatest petentia! fer 
exposure (high risk employees) in all work zones 
(exclusion, contamination reduction and support), 
in confined spaces, and monitaring/sampling at 
the site boundary. Provide drawings to illustrate 
the location of area and perimeter sampling 
stations. 

See Table 8-1. Perimeter stations cannot be 
predesignated. These locations are dependent on 
%?,Aa(! ",eFltioE acd prCFArnrni~ ef nOn-nrn;~rt 

k""J"" 

personnel (Section 5.3). 

c. Specify monitoring frequencies and durations for 
the following: baseline or background, when work 
begins on a didferent portion of the site, when new 
operations begixi, ' when dierklit contaminant; i r e  

- being handled, etc. 
, . 

d. . Specify minimiun parameterb to be ' 
monitored fsampled. Include specific dfiemid 
and physical parametep., Thp following are to be 

- included as appropriate, depe~ding on site specific 
' I  ' "conditions: classes df chemicals (i.e., organic 

vapors if using survey ihstruments), specific 
.cbemicqls for indiyidual identification,and analysis, 
oxygen c,ontent, fl~mmable atmospheres, total and 
respirable dust, specific types of radiario~l, noise, 
meteorological data, etc. 

,Already stated in'section 5.0. . . 

Already stated in Section 5.0.;. 

e. Specify methods, instrument, anc! equipment for I Aksady stated in Section 5.0. - - - -- - -  - - 

Page 13 of 16 

both direct reading (real-time) monitoring and 
integrated (time weighted hierage) sampling. - , ,  , 4 : : . + 3 * , -  ,.,- - . 

- - -  - 
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- -. - COMMENTS ON D m  - . 

LOCATION OF TEXT IN 
DRAFT REPORT 

- 
USACE 

MI3 

USACE 
EAB 

USACE 
MB 

USACE 
MB 

COMMENT 
. , .  , . . 

f. Specify the use of NOSH methods (from NOSH 
Publication Number 84-100, NIOSH Manual of 
Analytical Methods) for personal exposure 
sampling. Samples collected using NIOSH 

.. methods are to be analyzed only by laborqtqries 
curreytly accredited by the American Industrial 

, Hygiene Association (-4IHA). Inclu.de the . 
. accreditation certificates as an appendices to the 

Project SSHP or addenda. 

Already stated in Section 5.2 Personal Exposure 
~ o n i t d r i n ~  and ~ttachmen'C5 of the plan. - - .. - 

1 B. ' Provide calibration lpgs ass an attachment to the Forms have been appended t? ~t tadLnebt  I I 6. , . 
SSHP. 

'Wash' water and all decon water. PPE ... all IDW must be 

I 

h. Include a paagraph for requirements for , 

reporting and documentation. Documentation is 
to indcde the following information: date, type of 
equipment utilized, equipment I.D. number, 
monitoring results for each work location or 
monitoring station with time of readings, analytical 
resnlts for persond exposure samphg, personnel 
or location monitored/sampled with description of a 

activity being performed, sample numbers, 
weather conditions (wind direction, precipitation, ' 
temperature, etc.), and miscellaneous information 
related to monitoring/sampling performed. 

State where perimeter monitoring is anticipated to be 
needed. Some of these protocols can be planned now. 

maintained until data provides the rationale for disposal. 
In coordination with the other elements of this work plan; 
describe the procedures necessary in dealing with IDW. 

See Section 5.1 and forms appended to Attachment 
6. 

I .  

See Section 5.3. 

Do not make "should statements. 

Section 5.4.1 Mitigation of Organic Vapors first 
paragraph should changed to will. Rationale added. 
As per USACE requirements, decontamination water 
will be allowed to evaporate. As per USACE 
request, PPE will be disposed as trash. 



C 
APPENDIX C 

COMMENTS ON DRAFT WORK PLAN 

LOCATION OF TEXT IN 11 DRAFI. REPORT I COMMENT 

Pg. 34 USACE 
MB 

Which vapor suppression foams will be used? MSDS. F i e  extinguishing foams. 
-- 

Changed: will be used ... 

Section 5.4.2 use of portable pump sprayers. 

I 
Pg. 34 USACE 

MB 
Do not use the phrase "should be used, if possible". State 
the plan is ..... 

Pg. 34 I USACE 
MB 

Section 5.4.3 earplugs or earmuffs. 

How will water mists and sprays be applied? 

1-1 USACE 
MI3 

USACE 
hfQ 

---- --- 
What type of hearing protection? 

5 ppm is cho~en because the estimate is that no more than 
20% of tbe 5 ppm is frcm any constituent which published 
exposure levels of 1 ppm. Revise. M a t  about "in excess 
of backgroundn? Sustained readings? 

The LEL must not exceed 1C% if airflow is restricted in 
the work area (i-e., confined spaces, underground 
installatic~ns, etc.); 3.0% kvher:: six flow is not restricted. 

Changed by inserting 5 ppm is chosen because ... in 
second paragraph 

Changed by insertixg .,and 2G percent 1.E.L for 
combustible gases and 10 percent ... in thii-d 
paragraph. 

USY4.CE 
MB. 

I 

USACE 
MB 

SSHP 
- --- 

The maximum working lcvels are not 500 gpm for volatile~ 
without PPE and zdditional monitoring. If volatiles are at 
500 ppm levels; monitoring for combustible gzs !e~l.?!s must 
be continuous. Do you really sqect  these levcls? 
Discuss. 

500 ppm was a typographical error. It now reads M 1 

- I 
Changed to modzed level I> P E .  I; Pg. 47 Why is Qveli listed as Level D? 

I I_ii I . .  
I 

--- - ----- -- 
Changed to mocEif1ed lev51 D PPE. USACE 

MB 
I Change "Level DM to Modified Level D. 

Form included as Attachment 18. Pg. 50 USACE 
MB I Include a copy of ENG Form 3394. 
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L 

LOCATION OF TEXT IN 
DRAFT REPORT 

Pg. 47 

Pg. 50 

w 

Pg. 53 

Pg. 58 

Figure 9-1 

SSHP 

Pg. 62 

Pg. 63 

Pg. 77 

Attachment 12 

SOURCE 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

USACE 
MB 

COMMENT 

Change "Level D to Modified Level D. 

Include a copy of ENG Form 3394. - 

Is GMC-H always the right cartridge? 

State exactly which Life Vests are to be worn. 

Define "Downhole". 

Show minimum radius for the E Z  around the drill rig. 

Show decon sequence for all levels of protection. 

Where is the physical hazard Activity Hazard Analysis for 
use of the steam cleaner? 

Where are the signatures? Do not send the SSHP in 
again without the CIH signature. 

Discuss cartridge use, reuse, storage, disposal. Discuss 
qualitative versus quantitative fit tests for benzene, lead, 
and asbestos Protection Factor calculations. 

ACTION/RESPONSE 

Changed to modified level D PPE. 

Form included as Attachment 18. 

The MSA GMC-H cartridge is an organic vaporlacid 
gas/HEPA filter. W-C policy is to use this type of 
cartridge unless other types (eg., pesticides, mercury 
or ammonia) are required due to specific site 
contaminants. 

Inserted Section 9.15 first b'ullet ... Type In, Type V 
or better ... 
Drilling equipment that will enter the borehole. 

Inserted: second paragraph pg. 55 - Typically the 
minimum radius is 25 ft. 

Decon procedures for levels C & D (applicable for 
this site) are presented in Section 11.3. 

Added to Table 4-3. 

This plan was a Draft Copy. The final plan has 
signatures 

See Section 9.6, first paragraph. Respirator fit 
testing procedures appended to Attachment 12. 
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