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PURPOSE:

This report is prepared in response to the RCRA Permit, part B, Number
HW50289, issued to Carswell Air Force Base on February 7, 1991. It includes RFI
plans for all sites addressed in the permit.

Carswell Air Force Base is currently engaged in an intensive environmental
program by identifying and remediating contaminated sites under the Air Force's
Installation Restoration Program (IRP). The IRP individual sites have been grouped
together into two areas, these being the flightline area and the east area. The IRP
has progressed from the initial records search conducted in 1984 thru identification of
remediation alternatives of the sites located at the flightllne area and completion of the
remedial investigation at the east area.

The IRP program identified sites by a different numbering sequence than those
used in the permit. IRP site numbers are used throughout this report and correspond
to the following permit solid waste management unit (SWMU) numbers:

Site Name IRP No. SWMU No.

Landfill 1 1 28
Landfill 4 4 22
Landfill 5 5 23
Waste Burial Area 10 24
Fire Department Training Area 1 11 18
Fire Department Training Area 2 12 19,20,21
Flightline Drainage Ditch 13 53
Entomology Dry Well 15 63
Unnamed Stream 16 64,67
POLTank Farm 17 68
Weapons Storage Area WSA 65

This report will be organized as follows:

Item Appendix

Work Plan A
Quality Assurance Project Plan B
Health and Safety Plan C
Flightline Area Site Characterization D
Flightline Area Feasibility Study E
East Area Remedial Investigation F
Weapons Storage Area Site Assessment 0
Other (Non-IRP) Site Investigations H

1



The Flightline Area consists of the following SWMU's:

18 Fire Training Area No. 1
19 Fire Training Area No. 2
20 Waste Fuel Storage Tank
21 Waste Oil Tank
22 Landfill No. 4
23 Landfill No. 5
24 Waste Burial Area

The East Area consists of the following SWMU's:

28 Landfill No.1
53 Storm Water Drainage System
63 Entomology Dry Well
64 French Underdrain System
67 Bldg 1340 - Oil/Water Separator
68 POL Tank Farm

The Weapons Storage Area has the following SWMU:

65 Weapons Storage Area Disposal Site

The Non-IRP SWMU's are:

16 Bldg 1060 - Waste Accumulation Area
32 Bldg 1410 - Waste Accumulation Area
35 Oil/Water Separation System
36 Bldg 1191 - Waste Accumulation Area
61 Bldg. 1320 - Power Production Maintenance Facility Waste

Accumulation Area

2
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1.0 fljODTJCTION

1.1 Air Force Installation Restoxation_Proram

The Department of Defense (DOD) is conducting a nationwide program

to evaluate waste disposal practices on DOD property, to control the migration

of hazardous contaminants, and to control hazards that may result from these

waste disposal practices. This program, the Installation Restoration Program

(IR.P), consists of four phases: Phase I, Problem Identification/Records

Search; Phase II, Problem Confirmation and Quantification; Phase III, Technol-

ogy Base Development; and Phase IV, Remedial Actions in support to the program.

The United States Air Force has initiated an IRP investigation at Carswell Air

Force Base near Fort Worth, Texas. Phase I and Phase II Stage 1 have been

completed. Radian Corporation will perform the Phase II Stage 2 Field Evalua-

tion under USA! Contract No. F336615-87-D-4023, Delivery Order 4.

1.1.1 Program Oriins

-
In 1976, the U.S. Department of Defense (DOD) developed the compre-

hensive Installation Restoration Program (IRP), in response to the Resource

Conservation and Recovery Act of 1976 (RCRA), and in anticipation of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980

(CCLA, the legislation that authorizes the U.S. EPA "Superfund" program).

DOD issued a Defense Environmental Quality Program Policy Memorandum (DEQPPM)

dated June 1980 (DEQPPM 80-6), that requires the identification of past

hazardous waste disposal sites at DOD agency installations. The Air Force
implemented the DEQPPM in December of 1980. The program was revised by DEQPPM

81-5, dated December 1981, which reissued and amplified all previous direc-
tives and memoranda on the IRP. The Air Force implemented DEQPPM 81-5 in
January of 1982.

1-1
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The IRP has been developed as the following four-phase program:

• Phase I - Problem Identification/Records Search

• Phase II - Problem Confirmation and Quantification

• Phase III - Technology Base Development

• Phase IV - Corrective Action

Since the initiation of the IRP, experience has been gained in all phases of

the program, and the approaches used in the IR.P have evolved accordingly.

Based on experience at Air Force bases nationwide, the Air Force has adopted

an approach that streamlines and integrates the elements of the program.

1.1.2 Program Obiectives

The long-range objectives of the Carswell ATh lB.? activities are to
assess the extent and magnitude of contamination at past hazardous waste
disposal and spill sites and to develop remedies consistent with the National
Contingency Plan (NC?) for those sites that pose a threat to human health or

welfare or the environment. Further, the IRP is to assess and control the

migration of environmental contamination that may have resulted from past
operations and disposal practices at DOD facilities. The program is designed
to conduct remedial investigations and feasibility studies in parallel rather

than serial fashion.

1.1.3 Program Organization

This subsection presents a description of the organization of the

current lB.?. It is the intent of the Air Force that the lB.? will be equiva-
lent to the NC? process in accordance with CC1A procedures. Therefore, the

NC? nomenclature is used throughout. Phases I, Il/lilA, III, and IVB are
briefly described below:

1-2
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Phase I — The objectives of this phase are to identify and assess

past disposal sites. This assessment considers whether or not each

site poses a hazard to hun*i health or the environment as a result
of direct contact, contamination migration, or contaminant
persistence.

Phase Il/IVA (RI/PS) — The integration of these phases corresponds

to the Remedial Investigation/Teasibility Study (RI/PS) programs

described in the National Oil, and Hazardous Substances Contingency
Plan, also referred to as the National Contingency Plan (NCP) (40
R 300. November 20. 1985). and in the Superfund Amendment and
Reauthorization Act of 1986 (SARA). Data collection and subsequent

site characterization are the main objectives of Phase II. which

will be conducted concurrently with Phase IVA. Development, screen-
ing, and detailed analysis of remediation alternatives form the main

portion of Phase IVA, which leads to selection of the recommended

remedial action alternative.

Phase III — This phase is the implementation of the research and
technology development required for obj ective assessment of environ-
mental effects or remedial technologies.

Phase IVB — Phase IVB involves the construction and implementation
of the remedial. alternatives.

1.1.4 Program Documents

The USA! Installation Restoration Program has been designed and is

being conducted under guidance from the following applicable documents:

1—3
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Public Lava

United States Code

FL 96—510 Coiprehensive Environmental Response
Compensation, and Liability Act
(CERa.A) of 1980

FL 99—499 Superfund Amendments and Reauthoriza-
tion Act (SARA) of 1986

Regulations

Code of Federal Regulations

40 R 136.3., Required Containers, Preservation
Table II Techniques, and Holding Times

40 CFR 136. Methods £ or Organic Chemical Analysis
Appendix A of Municipal and Industrial Wastewater

40 R 136. Definition and Procedure for the Deter—
Appendix B miri.ation of the Method Detection Limit

40 CFR 136, Inductively Coupled Plasma — Atomic
Appendix C Emission Sp.ctrometric Method for Trace

Element Analysis of Water and astes
Method 200.7

40 CFR 300.61 — National Contingency Plan
300.71 (Subpart F)

Federal Register

Vol. 51, No. 114, Toxicity Characteristic Leaching
13 June 1986 Procedure (TC.P)

Residential Documents

Executive Orders

E0 12088 Federal Compliance with Pollution
Control Standards (13 October 1978)

EO 12580 Superfund Implementation (23 January
1987)

1—4
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Enviroumental Protection Agency

EPA—330/9—51—OO2 }IC Manual for Groundwater/Subsurface
Investigations of Hazardous Waste Sites

Superfund Exposure Assessment Manual
(January 1986)

EPA—600/4—79--020 Methods for Chemical Analysis of Water
and Wastes (1983)

SW—846 Test Methods for Evaluating Solid
Waste, Third Editjou (1986)

American Public Health Association (A2UA. AWWA. & WPC!)

Standards Methods for the Examination
of Water and Wastes (16th Edition)

American Society for Testing and Materials

D—1452 Soil Investigation and Sampling by
Auger Boring

D—1586 Penetration Test and Split—Barrel
Sampling of Soils

D—2487 Unified Soil Classification System

D—2488 Recoemended Practices for Visual—Manual
Description of Soils

Annual Book of Section 11, Water and Errironmental
ASTM Standards Technology

Handbooks

Environmental Protection Agency

EPA—540/G—85—002 Guidance on Remedial Investigations
under cZR.A

EPA—540/G—85—003 Guidance on Teasibiity Studies under
CERCLA

Analytical Chemistry

Vol. 55. Pages 2210 Principles of Environmental Analysis
2218. December. 83

1—5
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For a base—specific investigation, IRP reports that document Phase I
or II activities will be the prime source documents for conducting current
investigations at Carswell. The principal documents for the Carswel]. AYE IRP

Phase II Stage 2 investigations will be:

• Installation gestoration Phase I Recrode Search for Carswell

AYE. Texas, February 1984; and

• Instai.lation Restoration Program Phase II — Confirmation!

Quantification, Stage 1 — Final Report, Carswell AYE, Texas,

October 1986.

1.2 Current Study Objectives

Th. primary objective of the Carswell AYE IRP Stage 2 work is to
integrate the past and present remedial investigations of. the sites at the

base in order to provide the information that is necessary and sufficient to

conduct feasibility studies. This integration involves determining which

sites pose a threat to human health and the environment and which sites do

• not. In order to complete this integration, the following efforts will be

performed:

• Review previous Phase I and Phase II Stage 1 work and assess

its adequacy for use in the current effort;

• Prepar. the necessary procedural and administrative plans to

control th. quality and flow of information collected during
Stage 2;

• Conduct follow—on field investigations at incompletely
characterized sites;

• Conduct pathway characterization studies;

1—6



RADIANCON •ON*T S SN

• Identify and screen remedial technologies;

• Define ABARs and develop an approach for public health
evaluation;

• Evaluate and prioritize sites; and

• Develop and screen appropriate remedial alternatives;

1—7
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2.0 BACKGROUND

2.1 Backzround of BaseActivities

The United States Air Force (USAF) in August, 1983, initiated an IRP

investigation at Carswell Air Force Base near Fort Worth, Texas. Subsequent

to that time a Phase I and II Stage 1 investigation have been completed

USAF contracted with Radian Corporation to conduct the Phase II Stage 2 Field

Evaluation for Carswell Air Force Base (AFB) under Contract No. F33615-87-D-

4023, Delivery Order 4.

Phase I studies for the Carswell ATh Installation Restoration Pro-

gram were completed in February 1984. The purpose of the Phase I study was to

conduct a records search for the identification of past waste disposal activi-

ties which may have caused groundwater contamination and the migration of

contaminants off site.

Twenty-two disposal or spill sites at Carswel]. AFB and the Weapons
Storage Area were identified as possibly containing hazardous waste during the
Phase I study. Of these sites, fourteen were selected for environmental rat-
ing. The potential for adverse environmental consequences at each site was
then evaluated and rated using the USAF Hazard Assessment Rating Methodology
(HARM). The rating was based on the potential environmental contamination and
migration of contaminants. The system took into account such factors as the

site environmental setting, the nature of the wastes present, past waste dispo-

sal practices, and the potential for contaminant migration.

Twelve of the fourteen Phase I sites were selected for Phase II

(Stage 1) studies. The IRP Phase II studies are for contaminant confirmation

and quantification, which is executed in a staged approach. Stage 1 was the
initial part of the investigation designed to confirm a contamination problem.
Based upon the results of the Stage 1 activities completed in October 1986,
additional investigations were deemed necessary for quantification of contami-
nants at all sites, which will require one or more successive stages.

2-1
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2.1.1 Descrition of Installation

Carswel]. APE is located on 2,751 acres of land in Tarrant County,

Texas, 6 miles west of the center of Fort Worth and lies between the communi-

ties of White Settlement and River Oaks. Carsvell A.FB lies within a bend of

the West Fork of the Trinity River which flows along the northern and eastern

boundaries of the base The river is r1vvmed to form Lake Worth, a drinking

water supply and recreation reservoir bordering Carswell APE to the north. To

the west, Carswell AFB is neighbored by AF Plant 4, an Air Force-owned, Gener-

al Dynamics Corporation-operated, aircraft production plant that shares the

runway and several facilities with Carswell APE. To the south Carswell AFB is

bordered by urban areas. Off-base facilities include the ILS Marker Beacon

west of Carsvell APE and the Weapons Storage Area (WSA), 4 miles west of

Carswell APE.

Carsuell APE is the home of the Strategic Air Command's (SAC) 7th

Bombardment Wing. As such, the mission of Carswell AYE is to maintain the

capability of strategic warfare and air refueling operations. Assigned weapon

systems include the Boeing B-52 H" model bomber and the KC-l35A tanker.

As host unit, the 7th Bombardment Wing overseas aircraft operations

and maintenance agencies. In addition to maintaining bombers, tankers, and

combat crews capable of strategic warfare, Carswell AYE also houses an exten-

sive air training effort which includes the air training requirements of three

tactical squadrons. The 7th combat Support Group and the USAP Regional Hospi-

tal Support the combat mission of the Wing. The total work force at Carswe].1

APE (as of 1984) was approximately 5,100 military and 1,000 civilian

personnel.

2.1.2 Past Waste Management Practices

The Phase I report (CH2!'(-Hill, 1984) has an account of the history

of waste generation and disposal activities. The following paragraphs

describing the waste disposal history are from the Phase I report.

2-2
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Wastes have been generated and disposed of at Carswe].l AFB since the

beginning of industrial operations in 1942. The major industrial operations

at Carswe].1 ATh now include: maintenance of jet engines, aerospace ground

equipment (AGE), fuel systems, weapons systems, and pneudraulic systems; main-.

tenance of general and special purpose vehicles; aircraft corrosion control;

and non-destructive inspection (NDI) activities. All of these operations

generate wastes such as primarily oils, recoverable fuels, spent solvents, and.

cleaners.

The total quantity of waste oils, recoverable fuels, spent solvents,

and cleaners generated at Carswell AFB was estimated in 1984 to be approxi-

mately 55,000 gallons/year. This estimate was derived from a review of shop

files and the best recollection of interviewees and is considered to be repre-

sentative of the 1970s to 1983. Prior to the 1970s, the waste quantities were

probably less because fewer aircraft were maintained at the base.

Prior to about 1970, some of the 'liquid waste oil, recovered fuels

and possibly solvents were burned at two fire training areas at the Base.

Both sites hive been described as "gravel-lined," with one being used from

1942 to 1963. It is estimated that up to 156,000 gallons per year of waste

oils, fuels, solvents and cleaners have gone to the fire training area before

1970. After 1970, the training exercises have been conducted about 2 to 3

times per month using an average of 1,300 gallons per month of clean or reco-

vered JP-4 fuel.

Smaller amounts of liquid wastes are associated with pest and weed

control activities at the Base The pesticides have been stored at two loca-

tions, one at Facility 1338 before 1981, and thereafter at Facility 1217.

Some of the chemicals in use are anticoagulant, Baygon, diazinon, malathion

organophosphate and monosodium arenate. Used containers are triple rinsed,

punctured and disposed of in dumpsters along with the empty bags. Rinse

waters from container and equipment rinsing is discharged to a tank outside

Facility 1217. The full tank is pumped out for proper disposal. Before 1981,

2-3
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the rinse waters were discharged into a "dry well" sump located outside Facil-

ity 1338. This "dry well" sump has been identified as a potentially cotitami-

nated site (Site 15).

Practices for past and present industrial waste disposal are

si.umnarized below:

• 1942-1970: The majority of waste oils, recovered fuels, spent

solvents, and cleaners were burned at the fire department train-

ing areas during practice exercises. Some waste oils and spent

solvents were disposed of through contractor removal, while

some waste paints (contaminated with thinners and solvents),

waste oils, and PD-680 are suspected of having been disposed of

in the base landfills. Some waste oils, recovered fuels, spent

solvents, and cleaners were also discharged to sanitary and

storm sewers. These discharges occurred primarily at the wash-

racks. In 1955, an oil/water separator (Facility 1190) was

installed to recover waste materials discharged from the wash-

Wracks. Materials from the oil/water separators were pumped out

and disposed of through contractor removal. Discharge from the

oil/water separator was and still is into the sanitary sewers.

• 1970-1975: During this period, most waste oils, spent sol-

vents, and cleaners were disposed of by contractor removal. A

private contractor would pump the materials from oil/water

separators and from 55-gallon drums and bowsers. Recovered

JP-4 was still stored at the fire department training area and

burned in practice exercises. Recovered JP-4 was also reused

by AGE. Some waste paints (contaminated with thinners and

solvents), waste oils, and PD-680 are suspected of having been

disposed of in the base landfills. Some waste oils, solvents,

and cleaners were discharged into sanitary drains. This pri-

marily occurred at the washracks that discharge to the Facility

2-4
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1190 oil/water separator. This oil/water separator was rou-

tinely pumped out by a private contractor and the recovered

materials removed from the base by the contractor.

• 1975-1982: The majority of waste oils, spent solvents and

cleaners were disposed of by service contract either directly

or through the Defense Reutilization and Marketing Office

(DRMO). Recovered JP-4 was stored at the fire department

training area and burned during practice exercises. Recovered

JP-4 was also used by AGE. PD-680 used at the washracks was

discharged to the Facility 1190 oil/water separator which

discharges to the sanitary sewers.

• 1982Present: Waste oils, solvents, and cleaners are collected

in 55-gallon drums and temporarily (less than 90 days) stored

at 12 hazardous waste accumulation points located throughout
the flightline area. They are subsequently disposed of by
contractor removal through DRMO. Recovered JP-4 fuel is stored
at the fire department training area for subsequent burning in
practice exercises or is reused by AGE. Removal of waste.oils
and PD-680 (Type II) from oil/water separators is also handled

by an off-base contractor through DRMO.

2.2 Site-Specific Background Information (By Site)

Phase II (Stage 2) work at Carswell APE will focus on eleven sites

on base shown on Figure 2-1 and the WSA, located four (4) miles west of the

base. These sites consist of landfills, fire training areas, industrial

areas, and spill sites. The following paragraphs provide brief descriptions

of the locations and features of the Phase II sites. All of the information

provided was obtained from the Installation Restoration Program Phase I record

search report (cH2N-Hill, 1984).
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Location of Phase II, Stage 2 Sites, Carswell AFB, Texas
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2.2.1 Descrition of Site Setting and Location

Site 1. Landfill 1

Landfill 1 was reported to be the original base landfill and was

operated during the l940s. This site is located adjacent to the Trinity River:

levee at the current DRMO storage yard. Due to the time elapsed since this

site was closed, no information was available concerning past waste disposal

practices at this location.

SIte 3. Landfill 3

Landfill 3 is located under the main runway, immediately south of

the culvert carrying the flow of Farmers Branch During the period from 1950

until 1952, Site 3 was used for burial of all types of waste, but primarily

construction rubble. During that period, the runway ended north of Farmers

Branch, and a ravine present at this site was used as a fill area.

Site 4. Landfill 4

Landfill 4 was operated from approximately 1956 until 1975. This

site, which includes 10 acres of land east of the runway and is currently the

location of the radar site, was the main landfill during much of the history

of Carswel]. ATh. All base refuse was buried here and burning was a regular

practice. At least six large pits, approximately 12 feet deep were filled
with refuse which was burned and buried. Various materials suspected of being
hazardous were reportedly disposed at this site, including drums of waste
liquids, partially full paint cans, and cadmium batteries. Written records
indicate that routine disposal of waste paints, thinners, and strippers; oil

containing adsorbent materials; PD-680 (a safety cleaning solvent) and oils

may have been practiced at this location.
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Site 5. Landfill S

Landfill 5 was reportedly used between 1963 and 1975. This site is

located northwest of Landfill 4 and was constructed adjacent to a small tribu-

tary to Farmers Branch. The landfill site was constructed by building a clay

berm adjacent to the creek and then filling the area behind the berm up to its

existing level. This fill site received all types of flightline wastes and

refuse, and was regularly burned prior to covering.

Site 10 Waste Burial Area

Site 10, located adjacent to and south of white Settlement Road,

where it dead-ends at the taxiway, was used for burial of wastes during the

1960s. Various types of hazardous materials, including drums of cleaning

solvents, leaded sludge, and possibly ordnance materials, were reported dis-

posed of at this site. Reportedly, these materials were buried in a natural

clay strata. The site is currently identified by several signs reporting the

presence of buried tetraethyl lead sludge.

SIte 11. Fire DeDartment Traininç Area 1

Site 11 is located north of Landfill 5 adjacent to a small tributary

to Farmers Branch. This training area was the primary fire pit prior to 1963.

The pit reportedly was gravel-Lined and had a low concrete curb around its
perimeter. Several fire training exercises are reported to have taken place
at this site each month, with waste oils and contaminated fuels being the
primary f1aiminb1e liquids used in the exercises. Small quantities of solvents
are also reported to have been used in these exercises.

Site 12. Fire Denartrnenr Training Area 2

Site 12 is located between the north-south taxiway and the radar
facility. This site, with only slight modifications, has been used as a fire
department training area since 1963. The fire ring is gravel-lined with a low
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berm around its perimeter. In the past, a pit was present at the site to

collect runoff from training exercises, but his pit has been filled. At the

beginning of Phase II, Stage 1 field work the berm had been breached by ero-

sion and some runoff had collected outside the northeast corner of the ring.

By the conclusion of field work, the breach had been repaired.

Two tanks located at the site have been used for storage of flam-

mable liquids prior to training exercises. An 8,500-gallon aboveground tank

is used to store clean or contaminated fuels, which are delivered to the ring

via a pup and various pipes. An underground tank of approximately 9,500

gallons has been used for storage of waste oils and solvents from the flight-

line shops. Although normal disposition of the underground tank contents has

been to off-base contractors, it is possible that contents of this tank have

also been used for training exercises in the past.

Site 13. Flightline Drainage Ditch

Sit. 13 is located east of Haile Drive, directly east of the main

base uashrack (Pad 29) and Hangars 1049 and 1048. The ditch is unlined from

Haile Drive to where it intersects at the POL tank farm, at which point it

enters a concrete-lined channel. Contamination was visible at Site 13 during

the base visit (1983) in the form of a white liquid (aircraft soap) origi-

nating at the washrack and entering th. ditch through a small pipe; the

presence of petroleum products on the surface of the water further downstream;

and the presence of a dark zone of fuel or oil saturation along the banks of

the ditch at least 10 inches above the surface of the water.

In addition to normal storm drainage, this ditch receives discharges
from the aircraft washracks (18 and 29) and discharges from the Fuel Systems

Shop (Building 1048). Washrack wastes (PD-680, a cleaning solvent, and soap)

can be discharged directly to the Facility 1190 oil/water separator, located

adjacent to the flightline drainage ditch, or into the drainage ditch via an

2-9
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overflow pipe in the drain line between the washracks and the oil/water separ-

ator. Discharge to the oil/water separator or to the drainage ditch is

controlled by a valve in the drain line just upstream of the separator.

Discharges from the Fuel Systems Shop consists of JP-4 fuel drained

from fuel tanks. Prior to 1978, this fuel was piped via gravity to the Facil-

ity 1190 oil/water separator. The pipe was routed through the much larger

stormwater culvert that begins the flightline drainage ditch. Approximately 5

years ago- (1979), the pipe ruptured and JP-4 was allowed to enter the storm-

water culvert and thus the ditch. The pipe was repaired in March 1984.

Site 15. Entomolov Dry Well

Site 15 is located immediately west of the old entomology shed

(Building 1338) in the present Civil Engineering Compound, east of Rogner

Drive. A dry well at the site was used for disposal of insecticide rinsate

between 1965 and 1981. The site is currently vacant; Building 1338 has been

demolished and the site has been regraded. Building 1338 was used for the

storage and mixing of insecticides including malathion, diazinon, dursban, and

clilordane, and for storage and cleaning of spray equipment. Chiordane has

been reported in samples taken from the well next to Building 1338, although

no documented analytical results could be found during the records search to

substantiate this report.

Site 16. Unnamed Stream

Site 16 is a small tributary of Farmers Branch, located south of the
old entomology shed, and near the confluence of Farmers Branch and the Trinity
River. This small stream is the discharge from an oil/water separator located

immediately south of the fenced civil engineering yard, and receives its pere-

nial flow from groundwater entering the separator. The separator is connected

to a french underdrain system which was reportedly build in 1965 to capture

POt leaking from the POt Tank Farm (see below) into the sewer pipes. This

separator has not been routinely cleaned for a number of years and contained

2-10
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hydrocarbon constituents. Overflow from this separator is apparently contrib-

uting POL and iron to the stream. The discharge has a petroleum odor, an oil

sheen, and is reddish brown with extensive growths of what appears to be iron-

reducing bacteria. Previous analyses completed on the stream have detected

trace quantities of trichiorethylene.

Site 17. POL Tank Farm

Site 17 is located on the eastern side of Carswell AYE, adjacent to

Knight's Lake Road. Currently, from above-ground tanks are located at this

location; formerly, three additional tanks were also located here. During the

early 1960s, fuels were discovered in the ground in this area, and also down-

gradient (southeast) from this site. A french drain was installed downgradient

from this area to collect fuels in the ground. The french drain discharged

through the oil/water separator mentioned above (Site 16). At that same time,

the underground leaking POL pipes were reportedly located and replaced. No

additional loss of POL to the.ground is suspected to have occurred in this

area since 1965. The french drain system is still continuing to collect POL

as evidenced by the contents of the Unnamed Stream observed during the site

visit. As a result, fuel. is still suspected to be present in the ground in

the area of the POL tank farm and downgradient (southeast and east) from it.

2.2.2 Tves of Wastes and Concentrations

The Phase II Stage 1 investigation (Radian, 1986) documented the

presence of organic contamination, mostly trichloroethylene (TCE), in the

upper zone soil and groundwater at several sites. Concentrations of heavy

metals were typically at background levels. No groundwater contamination was

observed in the Paluxy aquifer. In addition, low levels of organic compounds

were detected in small tributaries of Farmers Branch in the vicinity of

several sites at the flightline. A. sttnry of the analytical data for organic

contaminants in upper zone groundwater is provided in Table 2-].. Results of

analyses of surface water are provided in Table 2-2, and results of soil ana-

lyses are given in Table 2-3.
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Site 1: Groundwater at Landfill 1 contains some elevated levels of

oil and grease (not detected to 190 mg/L) and heavy metals, as well as some

purgeable halocarbons in low concentrations. Groundwater movement is toward

the Trinity River, adjacent to the site.

Sites 4. 5. 10: Groundwater in the vicinity of these sites was

found to contain elevated levels of TCE. The occurrence of TCE was generally

in the range of not-detected to 5,000 ug/L in the affected areas both upgra-

dient and downgradient of the landfills. Results of soil analyses also

indicated TCE (range from not detected to 0.338 ug/g) contamination at some

areas near these sites. Most of the contamination is centered east of these

sites at the golf course; however, the higj levels of TCE were also discovered

in the groundwater upgradient of Landfill 5 near the flightline.

Site 11: Low levels of TCE in soil (range from not detected to

0.249 ug/g) were detected at one location at Site 11, located just north of

Landfill 5. In addition, TCE (range from not detected to 0.257 ug/g) was also

detected in soil from a hand-angered boring at the center of the site and at

the upgradient well.

Site 12: Results of analyses at Site 12 indicate that halogenated

and aromatic organic compounds are present in soil (range from not detected to

752 ug/g) and groundwater (range from none detected to 362 ug/L). The highest

levels of contamination occur in the center of the site, where benzene, tolu-

ene, and ethyl benzene were detected (from not detected to 752 ug/g, 134 ug/g

and 110 ug/g, respectively) in soil. TCE also occurs in groundwater downgra-

dient (north and east) of the site, but in lower concentrations (range from

not detected to 362 ug/L) than at Sites 4, 5 and 10. The operations at this

site have also affected the quality of surface water draining the area. Water

samples from a drainage ditch near the site had oil and grease (range from 1

to 84,000 mg/L) and TOC (range 86 to 50,000 mg/L).

Site 13: Soil at the Flightline Drainage Ditch are contaminated

with jet fuel, detergents, or both. It was observed that the distribution of
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contaminants is somewhat erratic, suggesting that contaminant mobility and

infiltration are controlled by local variations in soil composition and tex-

ture.

Site 15: Insecticides and herbicides from the former Entomology

Building and Entomology Dry Well have not been released in significant quanti-

ties into the soil and water. Lindane and endrine were detectable, but not

quantitatively measurable in one downgradient well.

Site 16: Hydrocarbon fuels (gasoline orJP-4) were observable

(range of oil and grease was <1 to 7,100 mg/L, with high levels of aromatic

compounds) in the groundwater at Site 16. The source of the contamination is

either a former gasoline station at the site or the POL Tank Farm. Results of

analyses at the Unnamed Stream suggest that the oil/water separator does riot

always ensure that oil and grease are not released to the stream.

Site 17: Organic compounds were observed in the groundwater (<1 to

31,000 mg/L) and soil (<1 to 1,300 ug/g) underlying the POL Tank Fain. The

organic compounds are most likely fuel hydrocarbons from the storage and handi-

ing of fuels. One water sample from borehole 17D suggests that organic sol-

vents (based on TOX levels) may be present in the groundwater.

WSA Site: Groundwater from the potable supply well was found to

contain total radium (8.5 pCi/L) in excess of federal standards for drinking

water. In addition, analysis of soil vest of the Inspection Shop site

revealed the presence of TCE (range from none detected to 0.0619 ug/g).

2.2.3 Pathways Affected

Three pathways of possible contaminant movement were investigated

during the Phase II Stage 1 work at Carsuell ATh. Each of these pathways--

groundwater, surface water, and soil- -were discovered to have contamination

as siimw.rized in SectiOn 2.2.2. An investigation of air quality was riot per-

formed during the Stage 1 effort.
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3.0 ENVIRONMENTAL SETflNG

The following discussion of the Carsvell AFB environmental setting

is derived primarily from the Installation Restoration Program Phase I Records

Search Report (CR211 Hill, 1984). In.formation from that report is supplemented

by information from the literature and from the general findings of this

study. The following sections describe the environmental setting of Carswell

APE. Basic features and history of the sites investigated in this study are

also discussed below.

3.1 Geoohvsical Setting

Carswell APE is located in northeastern Texas in Tarrant County, six
miles west of downtown Fort Worth (Figure 3-1). The base is bordered by Lake
Worth to the north, the West Fork of the Trinity River and the community of
Westvorth to the east and southeast, the community of White Settlement to the

south and southwest and Air Force (A!) Plant 4. to the west. The location of
Carswell APE is shown in Figure 3-2. One off-base facility, the Weapons

Storage Area (USA), is included in this study. The WSA location, four miles
west of Carswe].1 AFB on White Settlement Road, is also shown in Figure 3-1.

The base lies within an area of primarily residential, recreational,

and industrial/commercial land use. The principal industrial use of the area

is AF Plant 4, an aircraft production plant that borders Carswe].l APE to the
vest and shares the runway with the base. Recreational land use includes the
Y.Zf.C.A.' Camp Carter, and various parks on the shores of Lake Worth.

3.1.1 Phvsioeraphy

The majority of Carswafl APE is located within the Grand Prairie
section of the Central. Lowlands Physiographic Province. This area is charac-

terized by broad terrace surfaces sloping gently eastward, interrupted by
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Figure 3-1. Regional Setting of Carswell AFB, Texas.
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Figure 3-2. Area Location Map of Carsvell AFB, Texas
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westward-facing escarpments. The land is typically grass covered and tree-

less, except for isolated stands of upland timber. The northwestern part of

Carswell ATh is within the Western Cross Timbers Physiographic Province that

is characterized by rolling topography and a heavy growth of post and black-

jack oaks.

3.1.2 Toozravhv

The topography of the base is fairly flat except for areas near

Farmer's Branch and the Trinity River. Land surface slopes gently northeast

toward Lake worth and east toward the West Fork of the Trinity River. Eleva-

tions on base range from a high of approximately 690 feet above mean sea level

(msl) at the southwest corner of the base to a low of approximately 550 feet

msl at the east side of the base. The elevation of Lake Worth usually approx-

imate the elevation of the dam spillway, 594 feet msl.

Th. principal dzainage for Carsvell A.Th is the West Fork of the
Trinity Liver. Farmers Branch drains the southern portion of the base, but in
turn discharges into the Trinity. A small portion of the north end of the
base drains into Lake Worth.

3.2 Geology

Surficial Soils

The U.S.D.A. Soil Conservation Service has identified four soil

associations at Carswej.1 AFB. The soils are described in Table 3-1, and their
occurrences on base are shown on Figure 3-3. The surficial soils of the
installation area are primarily nearly level to gently sloping clayey soils of

the Sartgar-Purves-Slidell and Aledo-Bolar-Sanger Associations. In addition to
the above, the clayey soil of the Frio-Trinity Association and the loamy soil

of the Bastsi].-Sj].awa Association occur on the floodplain and stream terraces

of the West Fork of the Trinity River.
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TABLE 3-1. SOIL ASSOCIATIONS FOR CARSWELL AFB, TX

Association Description

Thickness
(incbes)

Perneabiljt
(cmlsec)

y

Sanger—Purves—Slidell:
Clayey soils of nearly

Clay loam
Clay over

8—80 <4.2 x
3 x 10

to

level to gently sloping bedrock

uplands. Silty clay

Aledo—Bolsx-Singer:
Loamy and clayey soils

Clay loam over
bedrock

8—70 <4.2 x
9 x 10

tO

of gently sloping to Clay loam
moderately steep up-
lands.

Pria—Trinity:
Clayey soil on nearly

Silty clay loam
Clay

25—75 <4.2 x
3 Z 10

to

level flood plains.

Bastsil—Silawa:
Loamy soils on nearly

Sandy clay loam 40—80 9 z 10to
3 X 10

level to sloping stream
terraces.

SOURCE: U. S. Depar.nt of Agriculture, 1981, Soil Survey of Tarrant County:
Soil Conservation Service, 218 pp.
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Figure 3.3 Soils Association Map, Carswell Afl, Texas
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Litholov

A geologic section showing the rock formations beneath Carsuell AFB

is presented in Figure 3-4. Descriptions and properties of units pertinent to

this study are sl!m?nArized in Table 3-2. From youngest to oldest, the geologic

units of interest to Carswell AFB are as follows: 1) Quaternary Alluvium,

2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut Formation, 4) Creta-

ceous Paluxy Formation, 5) Cretaceous Glen Rose Formation, and 6) Cretaceous

Twin Mountains Formation. The occurrence of these units on base is shown on a

geologic map, Figure 3-5.

The majority of the base is covered by alluvium deposited by the

Trinity River. The alluvium is composed of gravel, sand, silt, and clay of

varying thicknesses and lateral extents. The Goodland Limestone is exposed on

the southern portion of the base, south of White Settlement road. The Good-

land is a chalky-white, fossiliferous limestone and marl. A small, area expos-

ing the Walnut and Paluxy Formations occurs in the northwestern corner of the

base along the shores of Lake Worth. The Walnut Formation is a shell-

agglomerate limestone with varying amounts of clay and shale. The Paluxy

Formation is primarily a fine- to coarse-grained sand with minor amounts of

clay, sandy clay, pyrita, lignite, and shale. Neither the Glen Rose Lime-

stone, nor the Twin Mountains Formation are exposed at Carswell AFB.

S true ture

Carswell AFBr is located on the relatively stable Texas craton, west

of the faults that lie along the Ouachita Structural Belt. No major faults or

fracture zones have been mapped near the base. The regional dip of the rocks

beneath Caxswefl AP3 is between 35 and 40 feet per mile in an easterly to

southeasterly direction. The stratigraphic and structural relationships of
the uppermost geologic units at Carswell Afl are illustrated in Figure 3-6
which shows a cross section from Site 12 eastward to the Trinity River at
Site 1.
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Quaternary Alluvium

Duck Creek Formation

Kiamichi Formation

Goodland Limestone

Walnut Formation

Paluxy Formation

2000

Figure 3-5. Geologic Map of Carsvell APE, Texas
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3.3 Hvdroeo1ogy

3.3.1 Surface Water

Carswell. Afl is located within the Trinity River basin just south of

Lake Worth, a man-made reservoir on that river. Part of the base is drained

by Farmers Branch which discharges into the West Fork Trinity River just south

of the Contonment area. Farmers Branch begins within the community of White

Settlement and flows eastward. Just south of AF Plant 4, Farmers Branch flows

under the runway within two large culverts.

Most of the base surface drainage is intercepted by a series of

storm drains and culverts, directed to oil/water separators and discharged to

the West Foric Trinity River downstream of Lake Worth. A small portion of the

north end of the base drains into Lake Worth.

3.3.2 Groundwater

On the basis of their water-bearing properties, the geologic units

at Carswe].l AFB may be divided into the following five hydrogeologic units,

listed from most shallow to deepest: 1) an upper perched-water zone occurring

.in the alluvial terrace deposits left by the Trinity River; 2) an aquitard of

predominantly dry limestone of the Coodland and Walnut Formations; 3) an aqui-

fer in the Paluxy sand; 4) an aquitard of relatively impermeable limestone in

the Glen Rose Formation; and 5) a major aquifer in the sandstone of the Twin

Mountains Formation. Each of these units is examined in more detail below.

Uo'oer Zone Groundwater occurs within the coarse sand and gravels

deposited by the Trinity River, but these deposits are usually limited in

ares.l extent and isolated by surrounding low-permeability clays and silts.

Recharge to the water-bearing deposits is local, from rainfall and infiltra-

tion from stream channels and drainage ditches. Water flow in the alluvium is

basically eastward, toward the West Fork of the Trinity River.
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In parts of Tarrant County, generally close to the Trinity River,

water in the alluvium is developed for irrigation and residential use. The

community of River Oaks, immediately east of Carswell APE, had supply wells

that developed water from the alluvial deposits at a location near the USAF

Hospital. The wells were abandoned when Carswell AFB purchased the property

for hospital construction. For the most part, groundwater is not economical

to develop from the alluvium due to the water's limited distribution and sus-

ceptibility to surface/stormwater pollution.

Coodland/Walnut Acuitard - The perched water present in the alluvium

is separated from the aquifes below by the low permeability limes tones and

shales of the Goodland Limestone and Walnut Formation. The aquitard is com-

posed of moist clay and shale layers interbedded with dry limestone beds.

Though primarily dry, drillers in the area report that small amounts of water

enter the borehole while drilling through the Walnut Formation, suggesting

that groundwater may move through the Walnut along bedding planes (Hargis and

Associates, Inc., 1984). The thickness of the Goodland/Walnut aquitard is

approximately 25 feet or greater beneath most of Carswell AFB. However, the

top of the aquitard is an erosional surface and weathering may have reduced

the thickeness of the limestone in isolated areas. A soil boring at AF Plant

4, across the runway to the west from Carswell APE, revealed that the Goodland

Limestone had been completely eroded and only three feet of the Walnut Forma-

tion remained (Hargis and Associates, Inc., 1984). It is also reported that

the upper zone and Paluxy Formation are in contact at the eastern boundary of

Al Plant 4, where both the Good].and and Walnut Formations have been removed by

erosion (Hargis and Associates, 1985). In areas of similarly extensive ero-

sion, water in the upper zone could come in contact with water in the Paluxy

aquifer.

bluxv Aauifer - The Paluxy aquifer is the most shallow aquifer
occurring beneath Carswell AYE. The aquifer's area extent is shown in Figure
3-7. In the base area, water in the Paluxy would naturally occur under con-
fined conditions beneath the Goodland/Walnut aquitard (except where the

aquitard is missing due to erosion, as discussed above). However, extensive

3-13
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pumping in the Fort Worth area has lowered the Paluxy potentiometric surface

below the top of the formation, resulting in unconfined conditions beneath the

base. The Paluxy Formation is divided into upper and lower sand members and

the aquifer is likewise divided into upper and lower aquifers. The upper sand

is fine-grained and shaley and the lower sand is coarser; therefore, most

wells are completed in the lower section.

Recharge to the Paluxy aquifer occurs where the formation outcrops

west of Carswell APE. The Paluxy also outcrops north of the base in the bed

of Lake Worth. The lake represents a significant recharge point for the aqui-

fer and creates a potentiometric high in its vicinity. Regional groundwater

flow within the Palwcy is eastward, in the direction of the regional dip. At

Carswell AYE, groundwater flow is influenced by the Lake Worth potentiometric

high and by a pocentiometric low created by the groundwater withdrawals of

the community of White Settlement, resulting in a more southeasterly flow

direction.

Transmissivities in the Paluxy aquifer range from 1,263 to 13,808

gallons per day per foot (gpd/ft) and average 3,700 gpd/ft. The Paluxy Forma-

tion thickness ranges from 140 to 190 feet and averages 160 feet in Tarrant

County. The actual water-bearing thickness in the Carsvell AFB area probably
approximates the formation thickness, but the aquifer is separated into two
distinct waterbearing zones. In the vicinity of Carswell AYE, perineabilities

range from 13 to 140 gpd/ft2 (based on an approximate thickness for the aqui-

fer of 100 ft.) Well yields within the Paluxy aquifer range from ml0 to 480

gallons per minute (gpa) and average approximately 100 gpm.

The Paluxy aquifer is an important source of potable groundwater in

the fort Worth area. Communities surrounding Carswell AFB, especially White

Settlement, develop municipal water supplies from the Paluxy, as well as from

the deeper Twin Mountains aquifer. As a result of its extensive use as a

water supply, water levels in the Paluxy aquifer have declined significantly

over the years. Water levels in the immediate Carswell AFB vicinity have not
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decreased as much as in the Fort Worth area in general because of the proxim-

ity of the Lake Worth recharge area and because the base does not develop

water from the Paluxy.

Water quality in the Pa].uxy aquifer is generally good and is satis-

factory for potable use. The range of chemical constituents occurring within

Paluxy water is given in Table 3-3.

Glen Rose Acuitard - Below the Paluxy Aquifer are the fine-grained

limestone, shale, marl, and sandstone beds of the Glen Rose Formation. The

thickness of the formation varies from 250 to 450 feet. Though the sands in

the Glen Rose Formation yield small supplies to wells in Fort Worth and wes-

tern Tarrane County, the relatively impermeable limestone is an aquitard

restricting water movement between the Paluxy aquifer above and the Twin Moun-

tains aquifer below.

Twin Mountains Acuifer - The Twin Mountains Formation is the oldest
formation used for water supply in the Carswell AFE area. The formation con-
sists of a vasal conglomerate of chert and quartz, grading upward into coarse-
to fine-grained sand interbedded with shale. The thickness of the formation

varies between 250 and 430 feet.

Recharge to the Twin Mountains aquifer occurs west of Carswell AFB.

where the formation crops out. Water movement is eastward in the downdip

direction. Like water in the Paluxy aquifer, Twin Mountains water occurs

under water-table conditions in the recharge area and becomes confined as it
moves downdip.

The Twin Mountains aquifer is the principal aquifer in Tarrant
County. The formation yields large water supplies for municipal and indus-
trial purposes. Transmissivitjes in the Twin Mountains aquifer range from
1,950 to 29,700 gpd/ft and average 8,450 gpd/ft in Tarrant County. Permea-

bilities range from 8 to 165 gpd/ft2 and average 68 gpd/ft2 in Tarrant County.
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TABLE 3-3. RANGE OF CONSTITUENTS IN GROUND WATER FROM SELECTED WELLS
IN THE PALUXY FORMATION, TARRANT COUNTY

Conatituent or Property Concentration

Bicarbonate (1C03) 177—689

Boron (B) 0.1—0.6

Ca].cii (Ca) 0—120

Chloride (CL) 5—117

fluoride (7) 0—4.5

Iron (1.) 0—9.9

Magnasii(Mg) 0—43

Nitrate (NO3) 0-10.0
Silica (3i02) 1—30

Sodi (Na) 11—740

Sulfate
(304) 6—1,080

Diasolved Solida 264—2,176
Total Hardness

(CaCO3) 2—401

Percent Sodit (Z) 7. 1—99.5
7.1—9.2

Sodi—Absorption Ratio (SAL) 0.2-68.8
Residual 3odii Carbonate CiSC) 0—10.0

Specific Conductance (hos at 25C) 427—3,193

NO: Analyses given are in *illigrs per liter except percent sodi,
specific conductance, pH, SAl, and RSC.

SOURCZ: Texas Deparsnt of Water Resources, 1982.
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Groundwater withdrawals from the Twin Mountains aquifer, primarily

for municipal water supply, have resulted in declining water levels. Between

1955 and 1976, the potentiometric surface of the aquifer dropped approximately

250 feet. Water quality in the Twin Mountains aquifer is suitable for potable

use throughout the Fort Worth area. Water in the upper sands of Fort Worth

may be too mineralized for human consumption.

3.4 C1imatolov/Air

Carswell AFB is located near 33' north latitude in north central

Texas. The climate is humid subtropical with hot summers and dry winters.
Tropical maritime air masses control the weather during much of the year;

however, the passage of polar cold fronts and continental air masses create

large variations in winter temperatures. Meteorological data Summarizing the

period 1946 through 1978 are presented in Table 3-4 and discussed briefly

below.

The average annual temperature for Carswell AFB is 66'F and monthly

mean temperatures vary from 45'F in January to 86'F in July. The average

daily minimum temperature in January is 35'F and he lowest recorded tempera-

ture is 2'F. The average daily maximum temperature in July and August is 95'F

and the highest temperature recorded at the base was lll'F in th month of

June. On the average, freezing temperatures occur at Carswell AFE on 33 days

per year.

Mean annual precipitation recorded at Carswell AFE is 32 inches.

The wettest month is May with a secondary maximum in September. The period

from November to March is generally dry with a secondary minimum in August.

Snowfall Accounts for a small percentage of the total precipitation between

November and March. On the average, measurable snowfall occurs on 2 days per

year. Lake evaporation at Carswe].1 AFE is estimated to be approximately 57

inches per year. Evapotranspiration over land areas may be greater or less

than lake evaporation depending on vegetative cover type and moisture avail-

ability. Average net precipitation is expected to be equal to the difference
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between average total precipitation and average lake evaporation or approxi-

mately minus 25 inches per year.

Thunderstorm activity occurs at Carswell AFB an average of 45 days

per year. The greatest number of these storms occurs between April and June.

Hail may fall on two to three days per year, and the maximum precipitation

recorded in a 24-hour period is 5.9 inches.

Mean cloud cover averages 50 percent at Carswell AYE with clear

weather occurring frequently during all months. Some fog is present on an

average of 83 days per year. Wind speed averages 7 knots; however, a maximum

of 80 knots has been recorded. Wind direction is predominantly from the south

during all months.

3.5 Human Envirot,ment

3.5.1 Potu1ation

The total work force at Carswell APE is approximately 6,100, which

includes about 1,000 civilian personnel.

3.5.2 Demo ravhics

The City of Fort Worth had a population of 414,562 based on a 1984

estimate. This estimate also included a population density of 1,617 people

per square mile. The smaller suburbs of Fort Worth adjacent to Carswell AYE

had 1980 population data as follows:

Whit. Settlement - 13,508
Westworth - 3,651
River Oaks - 6,890
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3.5.3 Land Use

The base is surrounded by residential, commercial, recreational, and

industrial land. Residential land use is to the southwest, southeast, and

east of the base. Commercial property is south and recreational (Lake Worth)

is north of the base. AF Plant 4 is the industrial facility directly west of

Carswell AFZ.
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4.0 BASIS FOR PROGRAM APPROACH

The Stage 1 activities conducted at Carswell APE documented the

presence or absence of contamination at the study sites. The results of the

Stage 1 investigation are the basis for the Stage 2 activities at Carsuell

APE, to be described in Section 5. A major focus of the Stage 2 investigation

is to fill data gaps remaining after the Stage 1 effort. This will result in
further definition of the nature and extent of contamination at the Stage 2

sites and. will allow evaluation of potential impacts to off-base areas and

receptors. The Stage 2 effort will include borehole drilling and monitor

well construction, surface water and sediment sampling, and geophysical and

soil gas surveys.

4.1 Phvsiochemical ProDerties of Contaminants

The hazards to potential receptors associated with any specific

contaminant are related to its physical and chemical characteristics, its

concentration, and the availability and nature of potential pathways for

exposure. Contaminants that reach the groundwater will migrate in a generally

downgradient direction and may eventually cross the base boundary. Due to

differing physicochemical properties, some chemicals may tend to float on top

of groundwater in a separate immiscible phase. Others may be dissolved in the

groundwater. Some controls on the rate of contaminant migration in ground-

water are the solubility of the contaminant in water, the persistence of the

contaminant and/or its transformation products, and its potential adsorption

onto subsurface materials. In general, most groundwater contaminants at the
Carswell APE IRP sites were introduced by downward migration of relatively

dilute solutions rather than of concentrated streams. Therefore, density

stratification of contaminants dissolved in the groundwater is not expected.
Once a contaminant reaches a receptor, characteristics that define its

hazardousness are of particular concern, e.g., toxicity, carcinogencity,

fl2mmiibility, etc. Humax health threats, if any, will be evaluated during
this investigation as part of the risk assessment.
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4.2 Pathways and Recei,tors

The potential pathways whereby contaminants could exit the base are
infiltration through the shallow surface soils and migration within the

unsaturated zone, shallow groundwater underfiow, and surface water runoff.
One group of sites (i.e., Sites 1, 15, 16, 17, and the Base Service Station)

is located near the base property line; the remaining sites are located near

the flightline in the interior of the base. Specific surface runoff pathways

of concern for this investigation are the Flightline Drainage Ditch (Site 13)

and Farmers Branch and its tributaries on the base. These pathways lead to

the West Fork of the Trinity River located east of the base.

The potential receptors to contaminants found at and around the

study site are limited because all sites are located inside the base property
and access is controlled. The main potential receptors on-base are the field

team members, especially during drilling activities. During drilling well

installation and water sampling operations, the greatest potential exists for

exposure to contaminants from the groundwater, surface water or soils.

Potential off-base receptors include people coming into contact with

groundwater contaminants from either shallow wells in the alluvium or deeper

wells in the Paluxy aquifer. If the groundwater exits the aquifer as seeps or

springs into surface drainages, another potential route exists for receptor
contact.

4.3 Environmental/Health Effects

The relationships between contaminants identified in Stage 1 and

potential receptors have not been formally evaluated. Potential environmental

and hunia1 health effects will be determined under the Risk Assessment task of

this investigation. The objective is to identify and quantify potential

environmental and health hazards within the base and in the off-base areas.
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4.4 Preliminary Technologies

Preliminary technologies for alternative remedial actions are

developed to identify general response actions, or classes of responses once a

site or operable unit has been assessed. Site and operable unit assessments

will be conducted during the Stage 2 IRP work. The data developed during the

Stage 2 effort will be used to determine preliminary technologies per the

statement of work. The preliminary technologies will be selected based on

their applicability to site-sopecific conditions. No remedial alternatives

will be implemented during this investigation.

4.5 Aitlicable or Relevant and Aorooriate Requirements (ARARs)

All soil and water analyses will be compared to available regulatory

criteria which include maximum contaminant levels (MCLs) and maximum contami-

nant level guidelines (MCLGs). Any applicable State water quality criteria

will also be used. This information will be used to assess the applicability

of preliminary technologies, and to determine whether an alternative remedial

action can meet or exceed the ARABs. The ARARs are also useful in defining

data sufficiency and developing an approach for the public health evaluation

task. These activiVies will involve close interaction with regulatory agen-

cies in order to agree on criteria and methods.

During the review of each alternative technology, a summary of its

effectiveness for protecting public health will be prepared. Each alternative

will be evaluated to determine the extent to which it meets, exceeds or falls

short of the ABARs. The analysis for each alternative will involve discus-

sion of the technical issues including contaminant control and minimization,

estimated tim. required to achieve ARABs; and the degree to which the technol-

ogy is proven for the proposed application. Potential routes of exposure to

contaminants during the remedial actions will be addressed along with the

ARABs. If an alternative technology cannot attain an ARAB, it will be exam-

ined to determine its potential to reduce the present or future threats to any

identified receptors.
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4.6 Data Recuirements

The results of the Stage 1 activities are confirmed the presence of

contamination at various sites at Carsvell AFE. For the most part, the data

represent only one or two sampling events and therefore do not adequately

define the range of site-specific envirotimental conditions. Additional data

are needed to characterize the site in sufficient detail to identify and

screen preliminary technologies and develop alternative remedial actions. The

general categories of data needed to fill gaps in the Stage 1 database relate

to:

• Hydrogeologic setting;

• Groundwater flow directions and velocity estimates;

• Contamination distribution (vertical and horizontal);

• Contamination concentrations; and

• Off-base receptors and users of shallow groundwater.

These data will be obtained during the IRP Stage 2 activities described in

Section 5.
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5.0 SCOPE OF WORK

The IR.P Phase II Stage 2 investigation at Carsvell AFB will involve

a series of field activities to collect environmental data at selected sites.

The data collected will be used to determine the need for, and type of, re-

medial action for contaminated areas that pose a risk to public health or the

environment. These activities will proceed in parallel at the different

sites. The following subsections describe the work to be performed for this

study. The activities are based upon the Statement of Work (SOW) in Appendix

A.

5.1 Oranizatiort of Effort

5.1.1 Onerable Units

Thirteen sites will be individually investigated as single operable

units. These sites, as presented in the Statement of Work are:

• Site 1 - Landfill 1.

• Site 3 - Landfill 3

• Site 4 - Landfill 4
• Site 5 - Landfill 5

• Site 10 - Waste Burial Area
• Site 1]. - Fire Department Training Area 1
• Site 1.2 Fire Department Training Area 2
• Site 13 - Flightline Drainage Ditch
• Site 15 - Entomology Dry Well

• Site 16 - Unnamed Stream

• Site 17 - POL Tank Farm

• Site WSA - Weapons Storage Area
• Site BSS - Base Service Station

These sites are shown on Figure 2-1. Site WSA (Weapons Storage Area) is
located 4 miles west of Carswell AFB (Figure 3-1).
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5.1.2 Combined Site Investigations

Combined site investigations will not be performed as part of the

Stage 2 work. However, sites have been grouped into two main areas (Flight-

line Area and East Area) shown on Figure 2-1.

5.2 General Discussion of Integrated IRP Tasks

This subsection provides a discussion of techniques and/or methodol-

ogies that will be used to accomplish this investigation. In general, these

have been grouped into field evaluation and feasibility study tasks. These

sections describe how the field activities will be conducted, and data evalua-

tion will be conducted All of the resulting information can be used for sup-

porting the feasibility studies.

5.2.1 Field Related T&sks

The field investigation including all drillcng and sampling opera-

tions will be supervised by a registered geologist or hydrogeologist certified

by the American Institute of Professional Geologists (AIPG) or equivalent or-

ganization. A detailed log of the conditions and materials penetrated during

the course of the work will be maintained by the geologist/hydrogeologist on

site. Decisions on well locations, well depths, screened intervals, and other

construction details will be made collectively by the USAFOEHL Technical Pro-

gram Manager (TPM) and the Radian Project Director.

A sttmn*ry of the field related tasks for the Stage 2 investigation

is provided in Table 5-1. This table illustrates the type and amount of field

work, consisting of soil gas surveys, geophysical surveys, drilling and well
installation and soil and water sampling analysis.

5-2
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5.2.1.1 Soil Gas Survey

Soil gas surveys viii be conducted at two sites at Carsweli. AFB.

The field crew vii]. collect soil gas samples for on-site analyses over a four

day period. The samples will be analyzed for hydrocarbons characteristic of

JP-4 and MOGAS fuels at the POL Tank Farm (Site 17) and the Base Service

Station (BSS). These sites represent fuel tank storage and pipeline areas.

The objectives of the soil gas investigation are to confirm the pos-

sible existence of subsurface contaminants, and to determine the areal extent

and migration direction of hydrocarbon contamination from the sites. This

information will also aid in selecting drilling locations.

The contractor will use a field vehicle equipped with a gas chroma-

tograph. The sampling probes viii be pushed to the desired depth (probably

less than 10 feet). Soil gas will be flushed through the probe, then samples

will be collected from the Teflon tubing attached to the probe. Soil gas

samples will be analyzed immediately for real time evaluation of the data.

5.2.1.2 Geoohvsical Surveys

Magnetometer surveys will be performed at Sites 1 (Landfill 1) and

10 (Waste Burial Area) to investigate anomalies found in the Stage 1 investi-

gation and assist in the location of boreho].es in the Stage 2 investigation.

Readings of the total magnetic field and magnetic gradient will be taken at

appropriate locations using an EDA PPM 500 proton magnetometer (or equiva-

lent).

5.2.1.3 Subsurface Soil Surveys

Up to thirty-five boreholes and 11 hand augers will be drilled among

ten sites for this investigation. These sites are:
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• SLte 1 - Landfill 1;

• Site 3 - Landfill 3;

• Site 4 - Landfill 4;

• Site 5 - Landfill 5;

• Site 10 - Waste Burial Area;

• Site 12 - Fire Department Training Area 2;

• Site 15 - Entomology Dry Well;

• Site 17 - POL Tank Farm;

• Site USA - Weapons Storage Area; and

• Site BSS - Base Service Station

The boreholes at these sites are to provide geologic and chemical data of the

subsurface to detect and define lateral or vertical extent of contamination at

a site. As many as 26 of the boreholes will be converted to monitoring wells.

Soil samples from boreholes will be obtained using ASTM Method

D-1586. The samples will be collected at 2.5 foot intervals for the first 10

feet and at 5 foot intervals to the total depth drilled. The total depth of

each borehole is expected to range between 20 and.40 feet.

Selected samples will be chosen for chemical analyses and soil tests

as shown in Table 5-2. Also shown are sediment and drill cutting samples to

be collected per the statement of work. Details of the quality control,

handling and screening procedures are provided in the Quality Assurance

Project Plan provided under separate cover.

Air monitoring during all well drilling and soil boring work will be

accomplished with an organic vapor analyzer utilizing a photoionization detec-

tor (PID) or flame ionization detector (FID) to identify the presence of po-

tentially hazardous and/or toxic vapors or gases. The air monitoring results

will be noted in the boring logs. If soil encountered during borehole drill-

ing is suspected to be hazardous because of abnormal discoloration, odor or
air monitoring levels, the drill soil cuttings will be containerized in new,

unused drums. A different drum will be used for each boring where soil
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encountered is suspected to be hazardous. The field log will reflect the bor-
ing logs depth(s) from which the suspected contaminated soil cuttings were

collected. Composite drill cutting samples will be obtained for chemical

analysis as shown on Table 5-2 and described later in Section 5.2.1.9 Drum

Sampling.

The discrete soil and formation samples will be screened using ei-

ther the organic vapor analyzer described above and/or Draeger tubes in order

to detect the presence of volatile organic contaminants. Selected samples

will be placed into a clean glass jar for detailed contaminant screening. The

volatile organic levels will be recorded on the field log. These field ana-

lyzers, although calibrated, will be useful only as indicators of the presence

of significant contaminant levels. Because the instruments are sensitive to

moisture and fluctuating environmental conditions at the site, small concen-

trations above background listed on the field logs would be considered insig-

nificant. The organic vapor concentrations which may be detected in disturbed

soil samples represent an indication of the presence of gross contamination

only, and in no way are intended to represent the actual levels of contami-

nants present in the formations.

5.2.1.4 Borehole Geonhvsical Surveys

No borehole geophysical surveys will be conducted during this IRP
Phase II Stage 2 investigation.

5.2.1.5 Monitoring Wells

An overall objective of the investigation at Carswell AFB is to

define the presence, magnitude, direction, rate and extent of movement of any

identified contaminants. To accomplish this task, a maximum of 27 monitoring

wells will be installed. Well construction will be in accordance with the SOW

for the purpose of examining the ground water for the presence of contamina-

tion and defining the local hydrogeology. For this investigation installation
of monitor wells are planned at Sites 1, 3, 4, 5, 12, 17, and ZSS. The exact
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location, depth and number of test wells for each site will be determined in

the field by the contractor in consultation with the Air Force Technical

Program Manager. All wells will be completed in the upper zone (alluvium);

the Paluxy well identified in the SOW will be considered optional (verbal

communication between the USAFOEHL TPM and the Radian Project Director).

Field drilling operations and logistics will be coordinated with Civil

Engineering facility personnel to avoid interference with existing utilities

and traffic patterns.

The field team will use a hollow-stem auger rig to drill the upper

zone monitoring wells. This method performs well in unconsolidated sediments,

allows the rig to operate without the use of drilling fluids, and permits ease

of collection for formation samples. The hollow-stem auger can be used as a

temporary casing to prevent the borehole from caving during drilling and com-

pletion of test wells. For the depths and geology involved, this drilling

method will provide fast, efficient performance at a relatively low operating

cost.

Following the completion of drilling operations, each well will be

screened above and below the water table surface with a minimum of 10 feet and

maximum of 35 feet of screen. The screen will consist of two-inch diameter,

PVC casing with upto 0.020-inch slots. The material lengths selected will be

based upon site-specific ground water conditions encountered. The screen will

be capped at the bottom. All connections will be flush jointed and threaded.

The screened section will be joined to a two-inch diameter, Schedule

40 PVC, flush threaded casing. The casing will extend from the top of the

screen to at least ground surface. To ensure the chemical integrity of the

test wells, no glues, solvents, or thread compound will be employed during
screen and casing installations. Prior to installation, the casing and screen

sections will be thoroughly washed using a high-temperature, high-pressure

sprayer, with Base potable water only.
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After the casing and screen have been installed for each well, a

sand or gravel pack will be emplaced between the screen and the boring wall.

The pack will consist of washed and bagged rounded sand or gravel with a grain

size distribution compatible with the screen and the formation. The pack will

be emplaced from the bottom of the borehole to two feet above the top of the

screen. The auger flights will be used as the tremie pipe.

Granulated or pelletized bentonite will be placed above the sand/-

gravel pack to a minimum thickness of two feet to provide an adequate seal.

The bentonite seal will be wetted in the hole using 1-2 gallons of Base pota-

ble water to endure that the seal is developed before cementing operations

begin.

Neat cement (Type I Portland cement) grout will be emplaced from

above the top of the bentonite seal to land surface. No more than an eight

percent gel mixture may be used. For water table conditions grout will be

emplaced through the augers and then the auger string withdrawn. If artesian

conditions exist a small diameter tremie pipe will be used to emplace the

grout.

Surface ComDletions of Monitoring Wells.

Two methods for the well surface completions will be employed at
Carsweil ATh depending on input from base officials. If well stick-up is of
concern in an area, th. veil viii be completed flush with the land surface.

In the case of flush completion, the PVC casing viii be cut two to three inch-

es below land surface, and a protective locking lid will be cemented in place.

Th. protective lid will consist of a cast-iron valve box assembly cemented in

place with concrete. Care viii be taken to maintain free drainage from the

valv, box such as with a subsurface drain tube. Also, a water tight PVC cas --

ing cap will be provided to prevent infiltration of surface water. A locking
system will be provided to discourage any tampering.
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When above-ground surface completion is used, the PVC well casing

will be extended about two or three feet above land surface. An end plug or

casing cap will be provided for each well. The extended PVC casing will be

shielded with at least a four-inch diameter steel guard pipe. The guard pipe

will be placed over the PVC casing and cap and will be seated in a 24-inch by

24-inch by 4-inch concrete surface pad. The protective casing will be in-

stalled with a lockable cap or lid to discourage vandalism.

In the case of an above-ground completion, three 3-inch diameter

steel guard posts, five feet in total length each will be installed radially

from each vellhead. The guard posts will be placed approximately two to three

feet into the ground and may at some sites be removable to facilitate access

for sampling activities. In these cases a locking mechanism will be provided

to prevent unauthorized removal.

Monitoring Well Development

Each new monitoring well will be developed as soon as practical

after completIon. The monitoring wells will be developed by a submersible

pump, and/or bailer. Monitoring well development will continue until the

discharge water is clear and free of sediment to the fullest extent possible.

All water during development will be collected and disposed of through an

existing oil/water separator connected to a base sanitary sewer. The

development water production (rates), pH, specific conductances and water

temperature will be measured. These data will be included in the final

report.

Surveving of Monitorinf Wells and Boreholes

All monitoring wells and boreholes will be surveyed for elevations

and locations. A registered professional land surveyor will be retained to

survey the vertical elevations of the wells and the tops of the boreholes.

This survey will have an accuracy for vertical elevations of foot for

all monitoring wells and jO.l for bore holes. Horizontal locations will be
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accurate to foot. All surveying will use an established U.S.C. & G.S. or

U.S.G.S. bench mark as point of origin. All surveyed points and bench marks

used will be recorded on site maps.

5.2.1.6 Aauifer Tests

Slug tests will be conducted on eighteen of selected monitoring

wells (new and Stage 1 wells) after the completion of groundwater sampling.

The slug test provides an indication of aquifer characteristics such as

hydraulic conductivity. Also, this test is ideally suited for low-producing

formations that cannot be pumped. Monitoring wells will be selected with the

hydrogeologic characteristics that will optimize slug resting. The resulting

data will be used in conjunction with the groundwater geologic data. The slug

test equipment will be decontaminated between monitoring wells to prevent any

cross contamination.

5.2.1.7 Groundwater Sanitles

Groundwater Level Measurements

Following completion and development of the monitoring wells, but

prior to sampling activities at each site, a round of water level measurements

will be conducted on the monitoring wells. Water levels will be measured to

the nearest 0.01 feat from the top of the marked casing using an electric line

water level indicator. When the electrode of the water level meter comes in

contact with the water, a meter reacts or a tone sounds. Additionally, the

surface of the water will be examined for the presence of hydrocarbons. If

hydrocarbons are present the thickness of the layer will be measured and

recorded.

On-Site Field Analyses

Well Purgina - - Each monitoring well will be purged immediately

prior to sample collection to insure that fresh formation water is collected.
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Purging will occur at least three days after completion of monitoring well

development. When possible sampling will begin at upgradient monitoring wells
and/or low contamination areas then move to downgradient and/or higher
contamination areas.

Purging operations will be conducted using a submersible pump or a

bailer. Purging operations will be considered complete when three wetted well

casing volumes have been removed or when the pH (±0.1 unit), temperature

(±0.5C), specific conductance (±10 micromhos), color and odor of the dis-

charge are stabilized. After purging the wells, groundwater samples will be

collected from the discharge lineof the submersible pump or with a Teflon

bailer or 2-inch stainless steel Kemerer sampler. This latter sampler can

provide non-aerated groundwater samples at discrete depths which aids in in-

suring the integrity of any volatiles in the groundwater.

The methods for obtaining the water data are as follows: All down-

hole equipment used during the purging of the monitoring wells will be care-

fully washed to prevent cross-contamination. Details of the decontamination

process are provided in the Quality Assurance. Project Plan (QAPP). As an

additional step to prevent cross-contamination of the wells, purging/sampling

operations will progress from areas suspected to contain little or no

contamination to areas assumed to have higher contamination levels. The

purged groundwater will be disposed through an oil/water separator connected
to a sanitary sewer.

Temverature - - Measurements of the sample temperature will be taken
using a mercury thermometer. The field measurement represents the temperature

of the groundwater at a particular location and time.

- - The pH of each sample will be measured with a Myron I.. pDS

(Model EP11/pH) meter or equivalent. The pH of the sample will be measured as

quickly as possible after collection.
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Secific Conductivity - - The specific conductivity of each sample

will be measured with a Myron L pDS meter (Model EPI1/pH) or equivalent. Ele-

vated specific conductivities indicate the presence of conductive ions in the

groundwater.

Samling for Laboratory Analysis

Water samples collected from the wells will be placed in laboratory

prepared containers, preserved as appropriate, chilled to 4'C and shipped to

Radian laboratories in Austin, Texas and/or Sacramento, California. The

groundwater samples and type of analysis are summarized on Table 5-3. Also

shown on the table are data for surface water sampling. Radian chain of

custody documents will accompany all samples. Analytical methods, preserva-
tions and holding times are provided in detail in the QAPP.

Sølit Samole Procedures

When split samples are required, the sample will be divided such
that aU. the containers have a representative portion. In the ease of solid
samples (soil and formation), samples will be split longitudinally when possi-
ble and any loose material will be divided as equally as possible among the
containers. Samples for volatile contaminants will be placed directly into
the sample container with minimal disturbance. Water samples will be split by
pouring an equal volume of liquid among the containers for each collection.
The containers will then be labeled on-site and the samples recorded in a log
book.

5.2.1.8 Trenching

No trenching activities are planned for this investigation.
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5.2.1.9 Drum Samvling

During the borehole and monitoring well drilling activities cuttings

that are suspected of being hazardous because of abnormal discoloration, odor

or air monitoring levels will be containerized as discussed previously in

Subsection 5.2.1.3 Subsurface Soil Suiveys. To determine the final

disposition of the cuttings in the drums, a composite sample will be obtained

from each drum identified using a stainless steel scoop. Up to 50 composite

samples will be collected for chemical analysis. Each composite sample of the

drill cuttings will be analyzed as shown on Table 5-2 for EP Toxicity 40 CFR
261.24, (metals pesticides and herbicides) volatile organic compounds (Method

SW5030/5W240), and for base/neutral and acid extractable organic compounds
(Method SW3550/SW8270) to determine if the soil cuttings must be disposed of
as a hazardous waste.

5.2.2 Evaluation-Related Tasks

The. objectives of the data evaluation process are to s'.mimize the
existing information on the hazardous waste sources, pathways, receptors, and
to evaluate potential impacts on the base and public health, and the environ-
ment. Site-specific analytical data resulting from the field investigation at

the Base as well as regional information are considered in the evaluation pro-
cess.

5.2.2.1 Data Management

Th. field investigation will generate large amounts of data on the

hydrogeology an4 chemistry about the study sites. Therefore, the data will be

managed through a computerized database system called Empress. This system

will be used to convert the raw field data and analytical data into usable
form for reporting. In addition, this will support the USAPOEHL Installation
Restoration Program Information Management System (IRPIMS) and data formats.
Therefore, the data base will be designed to support the following activities:
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• Archive, analyze and manipulate physical, chemical, biological

and geological data collected during the IRP program;

• Analyze data with respect to trends or violations of environ-

mental protection guidelines;

• Produce subsets of data to form summary reports and data files

which can be analyzed by environmental models and statistical
algorithms; and

• Interpret relationships between contaminant migration and bio-

geochemical relationships existing at a particular site.

Predefined Codes As part of the data management, the documentation

and procedures used during collection of sampling data will follow appropriate

protocols and guidelines to eliminate data gaps. Data will be classified ac-

cording to guidelines that will use predefined codes from USAFOEHL. The coded

values will, minimize the size of the database and will reduce the time needed

to perform thedata entry effort.

Data Collection Forms - - Data collection forms will be provided by

USAFO!L and will be revised to record data gathered by field personnel or
measured by laboratory technicians.

Automated Data Processing (ADP) Format -- In the USAFOEHL-specified
ADP format all technical data, including site information, well characteris-
tics, hydrogeologic, geologic, physical and chemical sampling results will be

stored on magnetic media (floppy disk or magnetic tape). The technical data

will be organized in ASCII flat files using data files specified in a USAFOEHL

format.
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5.2.2.2 Hvdroeo1ogic Assessment

The purpose of the hydrogeologic assessment is to develop a complete

understanding of the ground water system on-and off-base by integrating the

available data from earlier investigations and by conducting additional field

studies to fill data gaps or provide additional detail where necessary. Spe-

cific purposes of this evaluation include: developing a better understanding

of on-and off-base ground water flow; relationships between saturated zones;

extent and migration of contamination plumes; seasonal changes in water levels

and flow. Results of this study will form the framework of the evaluation of

ground water impacts, qualitative risk assessment, and remedial action alter-

natives discussed in Section 5.2.3.

The focus of this task will be on developing a comprehensive knowl-

edge of base-wide groundwater conditions at Carswell AFB. The information

developed in the detailed sjte characterization of individual contamination

areas will form an integral part of the data used in this task.

The hydrogeologic assessment will draw on the results of all pre-
vious groundwater investigations conducted as part of the IR.P at Carswell ATh.
In addition to those sources, previous IRP studies will now be updated with

any regional and area studies by federal, state, and local agencies and other
published and unpublished information will be used.

5.2.2.3 Demoraohic Survey

The potential for contaminants to come in contact with various re-
ceptors is of prim, concern during this investigation. This is particularly
the case when waste sites exist cbs. to the base boundary where a greater
potential exists for off-base migration. Onc. a contaminant exits, a site, on
or off-base human contact or other receptors can be impacted. Therefore, in
order to evaluate the contaminant threat, it is necessary to identify the pos-

sible receptors. Data are readily available to determine on-base receptors,
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while off-base demographic data will need to be generated during this inves-

tigation. Demographic and land use information will be developed during the

program literature search, and specifically during a water well inventory

within a mile around Carswell ATh. These activities will, identify the demo-

graphics for potential human receptors, as well as determining the nature of

the land use such as agricultural, industrial, commercial, or residential.

Water wells, whether residential, municipal, or industrial, will also identi-

fied.

5.2.2.4 Evaluation and Screening of Data

The basis for assessing the impact of a site on the environment is

based on the value of the data collected about the site. These data are from

field observations as well as physical and chemical data collected during the

project. This information forms the foundation for making the interpretations

about the site and its potential for adverse health determinations.

The data will be screened for quality control purposes as it is re-

ceived. The content will be screened for appropriateness and completeness.

All of the data collected in the field and subsequent chemical analysis will

be reviewed prior to sending informal copies to TJSAFOEHL. The data will be

screened in accordance with the Work Plan, Statement of Work,' Data Base Man-

agement System and the QAPP.

5.2.2.5 Endanaerment Assessment

The confirmation of a hazardous substance at a site will be evaluat-
ed to determine the relative danger it can pose to public health, welfare or
the environment. The data collected during this effort will be integrated

with the results of the previous Stage 1 activities to provide a comprehensive
picture of the threat potential. Pathways, receptors, and the nature of the
contaminants will be used in conducting an endangerment or risk assessment.
The result of this evaluation will be to identify what is or has been affected
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by a site. These activities will be part of a risk assessment conducted dur-

ing this investigation. During this endangerment or risk assessment the fol-

loving will be identified:

• Receptors;

• Threat to human health and environmentally sensitive areas; and

• Carcinogenic risks.

5.2.2.6 Mao Prenaration

To support the reporting effort, maps will be prepared utilizing an

irihouse PC-based system Autocad. This system will permit relatively fast

development of report maps and map changes. The system permits the integrat-

ing and development of geologic cross sections and plane maps. Additionally,

the system permits various scales to provide the optimum map size for the re-

port. The results will be maps, figures and legends that are clear for ease

of interpretation and of publishable quality. Map and figure preparation will

be developed from th. applicable sections in the Statement of Work and the

USAFO!L handbook. In general, the following types of maps and figures will

be developed:

• General Carawell Afl installation features and boundaries

(e.g., major installation support and operational facilities);

• Sit. locations and plan views;

• Monitoring well/boring/sampling locations/cross sections; and

• Surface drainages and water bodies.

Some of the specific types of maps and figures that will be developed include

hydrogeological cross-sections, water table elevation contour maps, water well

inventory locations, and soil gas survey grids and related data.
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5.2.2.7 Treatabilitv Studies

No treatability studies are planned for this present effort. Re-

quirements for treatability studies will be considered during the review of

alternative remedial actions during this investigation.

5.2.2.8 IRP Reoorts

When evaluating a site, all site-specific data are important to un-

derstand the physical and chemical factors controlling the migration and dis-

tribution of contaminants at a site. Past site-specific data will be avail-

able from previous IRP activities which are summarized in the corresponding
Phase I and Phase II Stage 1. reports. These reports, in general, and specifi-

cally the Phase II Stage 1 report, will be reviewed for the identification of

data gaps. Therefore, any existing data gaps can be addressed in the present
investigation to complete the data base and prevent duplications of effort

within the present statement of work.

Prevaration of Preliminary and Final Resorts

Radian will prepare a draft report documenting all the findings from
this study. A first draft report will be submitted to USAFOEHL and their com-
ments incorporated prior to submittal of a second draft report. A final re-
port will then be published after incorporating the second draft comments.

Report distribution will be specified by USAFOEHL per the statement of work.

As part of the reporting task the following items will be provided

as separate documents and/or included into the main report:

• Qualitative risk assessment;
• Finding of no significant impact;
• Preliminary alternative remedial actions;

• Data quality objectives;

• Informal technical informative report;
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• Work plan and QAPP for next effort; and

• Cost estimate for next effort.

5.2.3 Feasibility Study Tasks

The purpose of this feasibility study is to select preliminary al-

ternative remedial action for the various sites at Carswell APE. This objec-

tive will be accomplished through the following general elements:

• Identify general response actions;

• Identify of remedial technologies and alternatives;

• Initial screening of technologies and alternatives; and

• Develop remedial alternatives for remaining technologies.

5.2.3.1 Identification of General ResDonse Actions

Radian will identify general alternatives that address all signifi-

cant site problems and pathways of contamination identified for the study
sites at the bas. during the remedial investigation. Eased on site in.forma-
tion from the remedial investigation, Radian will identify general response
actions1 or classes of response without necessarily identifying specific tech-
nologies. General response actions considered will include the "no action"
alternative as a baseline against which other measures can be measured. Exam-

plea of general response actions include the following:

- No Action
- Containment
- Pping
- Collection
- Complete Removal
• Partial Removal

- On-site Treatment

- In-situ Treatment

- Storage
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- On-site Disposal
- Off-site Disposal
• Other Off-site Measures

5.2.3.2 Identification and Screening of Remedial Technologies

A list of potential remediation technologies for both on-site and

off-site remedies will be developed for the general response actions noted

above. The list of technologies will then be narrowed through an initial

screening process based on known site conditions, waste characteristics, and

technical requirements. Those technologies which are difficult to implement;

require unreasonable time periods, or rely on unproven methods will be elimi-

nated. Special consideration will be given to technologies that permanently

contain, immobilize, destroy, or recycle contaminants, and technologies that

promote energy recovery.

Waste characteristics that limit the effectiveness or feasibility of

the remedial technologies will also be identified in this process. Such char-

acteristics include: 1) physical properties such as volatility, solubility,

and density; 2) specific chemical constituents such as chlorinated organic

chemicals or metals; and 3) properties that determine the waste's toxicity or

degree of hazard, such as persistence, acute toxicity, and ignitability.

Technologies clearly limited by waste characteristics should be eliminated

from consideration.

Radian will refer to the EPA "Handbook for Remedial Action at Waste

Disposal Sites" (Jun. 1982) for a more comprehensive description of technolo-

gies. During technology screening, the use of this list will help ensure that

all remedial technologies are considered.

5.2.3.3 DeveloDinent of Alternatives

During this task, the potential technologies for each of the general

response actions will be developed and compiled into comprehensive, site-
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specific remediation alternatives. Emphasis will be placed on long-term miti-
gation potential and protection of public health and the surrounding sensitive

biological areas. The development of alternatives will be consistent with EPA

guidance in Section 300.68 of the National Contingency Plan and the require-

ments of other federal and state regulations.

In developing remedial alternatives, Radian will rely on acceptable

engineering practice to determine which of the screened technologies appear

most suitable for the site. Consideration will be given to recycle, reuse,

waste minimization, destruction, or other advanced, innovative, or alternative

technologies, if appropriate. Radian will document the reasons for excluding

technologies that passed the technology screening. But, as part of this

study, at least one alternative for each of the following will be evaluated:

• Alternatives for treatment or disposal at an off-site facility

approved by EPA (including Resource Conservation Recovery Act

(RcBA), Toxic Substance Control Act (TSCA), Clean Water Act

(CWA), Clean Air Act (CAA), Marine Protection, Research and

Sanctuaries Act (NPRSA), and Safe Drinking Water Act (SDWA)

approved facilities), as appropriate.

• Alternatives which attain applicable or relevant and appropri-

ate Federal public health or environmental standards.

• As appropriate, alternatives which exceed applicable or rele-

vant and appropriate public health or environmental standards;

• Alternatives which do not attain applicable or relevant and

appropriat, public health or environmental standards but will
reduce the likelihood of present or future threat from the haz-

ardous substances. This will include an alternative which

closely approaches the level of protection provided by the ap-

plicable or relevant standards and meets CCLA's objective
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of adequately protecting public health, welfare, and environ-

ment.

. A no action alternative.

As part of the feaaibility study, alternate contaminant levels
(ACL's) of potential contaminants may be proposed. M ACL may be established
for any contaminant upon a determination that the ACt will not be a substan-
tial hazatd to human health or the environment as long as the ACL is not ex-

ceeded. The ACt's will be based on a demonstration that there is a lack of

exposure or that levels of exposure are adequate to protect human health. In
establishing ACt's, Radian will consider isolation, attenuation, degradation,
and dilution of the contaminants before they reach possible receptors.

5.2.3.4 Screenin2 of Alternatives

Screening of the alternatives identified above will be undertaken.

The objective of this screening will be to eliminate any alternatives that are

clearly not feasible, appropriate, or competitive with other alternatives be-

cause of environmental considerations, engineering considerations, or cost.
The following paragraphs provide a brief discussion of three factors that will

be considered during the screening of alternatives.

Environmental Effects and Environmental Protection -- The potential

for adverse environmental or public health impacts during implementation or
during the service life will be evaluated for each alternative. Factors con-

sidered under this subtask will be the following: 1) comparison of expected
rates of release of contaminants and exposure levels; 2) minimizing the dis-

ruption of habitat; 3) aesthetic considerations; and 4) public acceptance and

institutional and legal issues. Alternatives which have significantly greater
risks or environmental impacts than other alternatives will be eliminated.
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Tmi,lementptjpn and Reliability - - Alternatives will be reviewed to

determine the ease of implementation and the proven reliability of the tech-

nologies. Alternatives that rely on technologies which are unproven, are un-

duly complex, require unreasonabl. time periods, institutional and legal re-
quirements, or are prone to construction or operational error will be consid-
ered for elimination.

5.2.3.5 Technical Evaluation of Alternatives

For all past hazardous waste disposal and spill sites investigated
at CarsweiJAFB, Texas, except those where a FONSI is applicable, the data and

conclusions obtained from the hydrogeologica]. survey, site characterization,

and qualitative risk assessment will be used to technically evaluate the

preferred alternative remedial actions.

Remedial alternatives will be developed based upon the technologies
remaining after the initial screening. Alternatives developed will include
the five following categories:

1) Alternatives for off-site treatment or disposal;
2) Alternatives that attain AR.AR.s;

3) Alternatives that exceed ARARs
4) Alternatives that do not attain ARAR.s; and
5) No action.

Further, alternatives outside of these categories may also be developed, such
as non-cleanup alternatives (e.g., alternative water supply, relocation, ete).

If applicable, the technologies will be grouped into operable units
(Otis). An operable unit is a discrete part of the entire response action that
decreases a release, threat of release, or pathway of exposure.
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Documentation of the remedial alternative development process, in-

cluding the decision rationale, along with the finalized list of preliminary

remedial alternatives will be included in the final report.

5.2.3.6 Institutional Recuirements Evaluation

The institutional factors associated with each alternative will be

defined and the requirements of each identified. These include identifying

applicable regulatory requirements, permits needed and participating agency

cooperation. In addition, potential for public acceptance of each alternative

will be estimated.

5.2.3.7 ExDosure Assessment

Each alternative will be qualitatively assessed in terms of its

ability to minimize public exposure to residual contamination both during and

after completion of the remedial action. Estimates of residual contamination
and further reduction over time will be made for each alternative and compared
to the no action alternative. Short-term exposure mechanisms will also be

identified. Where appropriate, reductions in impact will be determined by

comparing residual levels to existing criteria, standards or guidelines.

5.2.3.8 Environmental Imaet Evaluation

The environmental impacts of each of the alternative remedial ac-
tions will be assessed. This vi].1 provide information on impacts and measures

to mitigate these impacts for each of the alternatives. Both short-term im-

plementation impacts and long-term impacts will be considered. An evaluation

of beneficial impacts will also be included.

5.2.3.9 Cost Analysis of Selected Alternatives

Cost as a screening factor will only be used to differentiate tech-

nologies which provide similar results. At this stage in the development of
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the remedial alternatives, the engineering design of alternatives is quite

general, so cost estimates will be approximations. Such approximations will

be developed on a consistent basis, however, so that comparisons of these
costs will be useful in comparing the cost-effectiveness of alternatives. A

technology which will result in the destruction or reduction of a waste's mo-

bility, toxicity and volume (MT!J), although it may have a high capital cost,

should not be eliminated. Alternatives which are more expensive than other

alternatives without significant compensating advantages will be eliminated.

5.3 Site-SDecific Discussion

The following will describe the specific work elements for each site

or operable unit to be conducted during this investigation per the statement

of work. Also a brief discussion of the rationale for the work activities

will be provided.

5.3.1 Field Investigation

Site 1. Landfill I

Results of Stage 1 groundwater sampling and analysis at Landfill 1.

are somewhat conflicting, but do suggest that groundwater contamination may be
present. Th. physical setting of the landfill, including the occurrence of
groundwater and the thicess and character of upper zone deposits, appears to
be adequately characterized. It is also recognized that the landfill is
adjacent to the Trinity River, which would be the immediate receptor for any
contamination that migrated off-base. Accordingly, the following Stage 2 work
will be performed:

. Install two upper zone monitoring walls.
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• Conduct two rounds of sampling at the four existing and two new

upper zone monitoring wells in order to determine if contamina-

tion exists in the groundwater. Samples will be analyzed for

general water quality parameters, purgeable organics, heavy

metals, and oil and grease.

• Perform two single well aquifer tests (slug tests) on selected

upper zone wells in order to determine the physical character-

istics (e.g., transmissivity) of the upper zone.

SIte 3. Landfill 3

The geophysical surveys performed during Stage 1 at the landfill

suggest that soil or groundwater contamination may be present in the upper

zone. In addition, hydrogeologic investigations conducted at AF Plant 4 have

revealed significant levels of contamination in the upper zone on the east

side of that facility, bordering the active runway in the area north of

Landfill 3. Results of drilling have also shown that the Goodland/Walnut

aquitard may be thin or absento the east side of AF Plant 4, suggesting an

increased possibility of degradation of water quality in the Paluxy aquifer.

However, analyses of Paluxy aquifer groundwater from wells at the southeast

corner of A? Plant 4 have not revealed contamination. Based on these

observations, the following work will be performed:

• Install three upper zone monitor wells at the site. The wells
will be located southeast, northwest and northeast of the
inferred site boundaries, flanking the active runway.

• Install two upper zone monitor wells west of the landfill,

adjacent to the drainageway (Farmers Branch) leading from Al'

Plant 4.
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• Install one well (optional) into the upper Paluxy aquifer at a

location west of the landfill site (between the landfill and

the drainage coming from Al Plant 4).

• Conduct two rounds of sampling at these six wells and analyze

for general water quality parameters, metals, oil and grease,

phenols, organochiorine pesticides, and purgeable organic

compounds.

Site 4 Landfill 4 .1

Results of Stage 1 water quality analyses indicated that the upper

zone groundwater is contaminated with halogenated organic compounds east of

the landfill. The degree of TCE (trichloroathylene) contamination far exceeds

the federal guidelines for TCE in drinking water. A variety of other haloge-

nated compounds are present in lower concentrations, but still in excess of

federal guidelines. The downgradient limits of the contaminated groundwater

are not presently defined. The following additional activities will be con-

ducted:

• Install thre. upper zone monitor wells east and north of the

landfill. These wells will be located on the golf course so

that at least one well monitors conditions directly north of

the landfill at White Settlement Road, and other wells monitor

conditions at greater distances east of the landfill.

• Perform five single well, aquifer tests (slug tests) on selected

upper zone wells in order to determine the physical character-
istics (e.g., transmissiviey) of the upper zone.

• Sample groundwater in two rounds from the existing Paluxy well
(P2) and both new and existing upper zone wells. The samples

will be analyzed for general water quality parameters, metals,
and purgeable organic compounds.
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Site 5. Landfill 5 /

Results of water quality analyses indicate that the upper zone

groundwater is contaminated with halogenated organic compounds both upgradient
and downgradient of the landfill. The degree of TCE contamination far exceeds
the federal guidelines for TCE in drinking water. A variety of other

halogenated compounds are present in lesser concentrations. The upgradient

and downgradient limits of the contaminated groundwater are not presently

defined. The stream north of the landfill, as well as monitor well 5B, also
shows evidence of contamination with vinyl chloride. The following work will
be performed:

• Install five upper zone monitor wells east, west, and south of

the landfill. Three wells will be located on the golf course

east of the landfill in order to define water quality condi-

tions downgradient of the site. Two wells will be installed

west of the landfill in order to define hydraulic and water

-
quality conditions closer to the taxiway.

• Perform five single well aquifer tests (slug tests) on selected

upper zone walls in order to determine the physical character-

istics (e.g., tranamissivity) of the upper zone in order to

support eventual design of remedial actions.

• Sample groundwater in two rounds from the existing Paluxy well

(P1) and from both new-and existing upper zone wells. The

samples will be analyzed for genreal water quality parameters,

metals, and organic compounds.

Site 10. Waste Burial Area /

Considering that the Waste Burial Area (Site 10) is very close to

both Landfills 5 and 4 (Sites 5 and 4) and recognizing that there are few

hydrogeologic distinctions between Sites 10 and 5, the follow-on activities at
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Landfill 5 incorporate work that would be appropriate for Site 10. However,

since Site 10 is identified as a waste burial area, rather than a landfill, it

is also appropriate to perform direct waste/soil sampling within Site 10.

Three borings will be taken within the site, with analyses for:

• Oil and grease;

• Petroleum hydrocarbons;

• Metals;

• Organochiorine pesticides and PCBs;

• Volatile and semivolatile organic; and

• Chlorinated Phenoxy Herbicides.

These borings will be preceded by a magnetometer survey, in order to preclude

drilling directly into a buried drum. Exact location of these borings will

be selected on the basis of the geophysics.

Site 11. Fire Training Area 1 /

Results of the Stage 1 investigation have shown that very low levels

of organic compounds are present in the upper zone groundwater. Therefore, no

additional wells are recommended for this site. However, the discovery of TCE

in soils suggests that continued groundwater monitoring is warranted. Follow-

on investigations will include two rounds of sampling and analysis of the two

existing wells for general water quality parameters, metals, petroleum hydro-

carbons, pesticides and volatile organic compounds.

Site 12. Fire Trainin Area 2

Results of soil and water quality analyses indicate that the upper

zone is contaminated with halogenated and aromatic organic compounds. The

degree of contamination, particularly in soil downgradient and at the center

of the site, is significant enough to warrant additional monitoring and

analysis. In addition, levels of TCE in groundwater downgradient of the site

exceed the federal guidelines established for TCE in drinking water. A
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variety of other halogenated compounds are present in lower, but excessive

concentrations. The downgradient limits of the contaminated groundwater are

not presently defined. The intermittent drainage that flows to the north from

the site also shows evidence of contamination. The following additional

characterization will be performed

• Install two upper zone groundwater monitor wells north and east

of the site in order to determine the downgradient water qual-

ity conditions. These wells will be located in the vicinity of

the intersection of White Settlement Road and Coody Drive and

near the western boundary of Landfill 4.

• Conduct a series of five soil borings within the fire training
area in order to assess near-surface soil conditions. Analyze

samples recovered for:

- Petroleum hydrocarbons;

- Metals;
- Volatile and semivo].atile organic compounds; and
- Soil moisture content.

• Conduct two rounds of sampling and analysis of groundwater from

new and existing monitor wells. The parameters for analysis

will include general water quality parameters, metals, volatile

organics, petroleum hydrocarbons, and oil and grease.

• Perform three single well aquifer tests (slug tests) on

selected upper zone wells in order to determine the physical

characteristics (e.g., transmissivity) of the upper zone.

Site 13. Ylir.htline Drainare Ditch'

Phase II (Stage 1) data gathered at the Flightline Drainage Ditch

confirmed that soils were affected by runoff from the fligitline. Groundwater
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conditions directly under the site are not known, although monitor wells pro-

posed at Site 17 would detect downgradient movement of any contamination.

Otherwise the soils data were considered sufficient for development of correc-

tive actions. Since that time, the ditch has 'been cleaned and the waste

treatment facilities redesigned and upgraded. The only remaining issue at the
Flightline Drainage Ditch is the degree of residual contamination, if any..
Therefore, a very limited program will be conducted. Soil or sediment samples
will be collected at five locations in the bottom of the ditch to verify that

cleanup has occurred. Samples recovered will be analyzed for petroleum hydro-

carbons, metals, and volatile and semivolatile organic compounds.

Site 15. Entomolofv Dry Well

Results of drilling and analysis of samples collected from three

upper zone monitor wells do not reveal contamination at the site. However,

because the dry well was not located, the degree of soil contamination, if

any, in the former location of the Entomology Building is not known. The

following activities will be performed:

• Three hand augers will be drilled at the location of the former

Entomology Building. Samples of soil will be analyzed for

pesticides and herbicides.

• Water levels at the exiazing upper zone monitor wells will

continue to be measured in order to define the direction of
groundwater flow and provide groundwater flow information for

the investigation at Site 16.

Site 16. Unnamed Stream

Field activities at Site 16 have documented the presence of organic
contamination in upper zone groundwater west of the inferred location of the
french drain. In addition, elevated levels of metals and some organic coin-

pounds have also been discovered at the Unnamed Stream. These conclusions are
)

5-33



RADIAN

based on a one-time sampling event; monitor wells were not installed as part

of the Stage 1 actions. Therefore, the areal limits of contamination, as veil

as groundwater flow patterns, are not owri in enough detail to proceed with

design of corrective measures. Further, the results of the one-time sampling

event are not sufficient to warrant immediate consideration of remedial
actions. -

The following activities will be performed at the Unnamed Stream:

• R.esample the stream at four locations in two separate events.

• The samples will be analyzed for general water quality

parameters, petroleum hydrocarbons, and purgeab].e organic

compounds.

Site 17. POL Tank Farm /

The POL Tank Farm currently consists of four large, above-ground

fuel storage tanks. Recently, the tank farm area has been enclosed with

concrete-lined spill retention basins. It is likely that any future
activities at the site will not affect th. subsurface environment, since

permanent drainage and surface sealing have been installed. However, the

issue of past occurrinces of subsurface hydrocarbons must be addressed.

As reported in the Phase I document, fuels were discovered in the

ground in this area during the 1960s. Samples of groundwater collected from

Phase II (Stag. 1) borings placed in the vicinity of the POL Tank Farm shoved

that the upper zone was contaminated with organic compounds. Because the

borings were grouted upon completion, no additional data are available.

In order to determine the current conditions at the site and assess

the likely environmental impacts of past releases, it will be necessary to

perform additional site exploration. This exploration can be done in

)
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conjunction with the previously recommended site definition activities. The

actions to be performed at Site 17 are:

• Conduct a soil gas survey of the complete area surrounding the

tazik farm as it is presently configured to identify current
extent of subsurface hydrocarbon vapors. This survey will not

only show extent, but also aid in proper placement of the

monitoring wells discussed below.

• Install five upper zone groundwater monitoring wells near the

POL Tank FArm in order to assess th. degree of groundwater

contamination. The first thre. wells will be installed and

water level measurements taken in order to identify current

groundwater flow directions. The five wells will be installed

with long screens extending above the water table to intercept

floating hydrocarbon product (if any).

• Conduct two rounds of groundwater sampling, and analyze for

general water quality parameters, petroleum hydrocarbons,
metals, and purgeable organic compounds.

• Perform three singl, well aquifer tests (slug tests) on selec-
ted upper zone wells in order to determine the transmissivity

of the upper zone.

Weaions Stora1e Area

Field activities in the Stage 1 investigation, consisted of shallow

soil sampling which revealed low levels of TCE in soil. The Stage 2

investigation will consist of the following activities:

• Eight hand augers will be drilled in and around the drainage
ditch west of the Inspection Shop.
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• Soil samples will be analyzed for metals, volatile and

semivolatile organic compounds, and moisture content.

Base Service Station

The Phase II (Stage 1) investigation did not include any field

activities at the Base Service Station. Therefore, the Base Service Station

area will have the following Stage 2 activities:

• A soil gas survey will be performed of the BSS site as well as

the property east (toward Trinity R.iver) of the site to

identify the current extent of subsurface hydrocarbon vapors

(if any). This survey will not only show extent, but will also

aid improper placement of the monitoring wells discussed below.

• Install four upper zone groundwater monitoring wells to assess

th. degree of groundwater contamination.

• Conduct two rounds of ground sampling and analyze for metals,

petroleum hydrocarbons, and purgeable organic compounds.

5.3.2 Evaluation of Alternatives

No site-specific alternatives have been identified for evaluation

during this investigation. Alternatives will be identified as discussed in

Section 5.2.3 Feasibility Studies.
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6.0 REPORTING REQUIREMENTS

6.1 Monthly Research and Develotnnent (R&D') Status Retort

Each month a project status report will be provided to USAFOERL.

The report will include all appropriate data required as delineated in the

Statement of Work and USAPOEHL Handbook. Field and laboratory results along

with QA/QC data will be incorporated into the next monthly R&D status report

as they become available and after internal QA/QC checks have been

accomplished.

6.2 Informal Technical Information Reriort (ITIR')

Upon completing all chemical analyses, the results will be

tabulated, and compiled into an informal report. The ITIR will contain the

laboratory test results, QA/QC data, a discussion of analytical methods and

holding times, and chain-of-custody documents. This report will be provided

to USAFOEHL.

6.3 RI/PS Renorts

A final report will be prepared delineating all findings from the

Stage 2 investigation. The reports to be submitted will reflect an integrated

IRP approach with elements of the RI/PS. All reports will be submitted per

the Statement of Work. Th. final report will also include a detailed discus-

sion of the recoended alternative remedial and a description of the work

proposed, including the Data Quality Objectives, for any follow-on RI/FS work.
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7.0 SCHEDULE

The schedule for the IR.P Phase II Stage 2 activities at Carswell AFB

is provided on Table 7-1. This schedule is based on the proposed revision of

the current Statement of Work. A final field schedule and milestone will be

completed upon receipt of final approval of the work plan from USAFOEHL.

)
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TABLE 7-1. SCHEDULE FOR CARSWELL APE IRP PHASE II STAGE 2 ACTIVITES

Activity
Estimated Completion

or Start Date

Notice to proceed 25 Sep 87

Final Health & Safety Plan 29 Oct 87

Draft Work Plan 13 Nov 87

Final Quality Assurance Proj act Plan 20 Nov 87

Literature Search 14 Dec 87

Final (Plans) Submission 20 Jan 88.

Field Effort Begins
Soil Gas Surveying
Borehole and Monitor Well Drilling
Borehole and Monitor Well Drilling

Surveying
Aquifer Testing
Sampling Begins
Sampling Ends
Sampling Analytical Data completed

Begins
Ends

14
14
25
26
23
29
1

15

1

Dec
Dec
Jan
Feb
Mar
Feb
Feb

Apr
Jun

87

87
88

88
88
88
88
88
88

Field Effort Ends 15 Apr 88

Reporting Activities 15 Apr 88

Informal Technical Information
Report

18 Jul 88

Technical Report (Draft)
Qualitative Risk Assessment

Finding of No Significant Impact
(FONSI)

Preliminary Remedial Actions

15
15
15

15

Aug
Aug
Aug

Aug

88
88
88

88

Work Plan lB.? Stage 3 15 Dec 88

QAPP Stags 3 2.5 Dec 88

Technical Report (Final) 15 Dec 88

Cost Letter for Proposed Stage 3
Activities

15 Dec 88
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A.O INTRODUCTION

This Work Plan Addendum provides guidance for accomplishing those

tasks required by the Carswell AFB IRP Phase II Stage 2 Modification 0004

Statement of Work that were either 1) not addressed in the Stage 2 Work Plan

dated January 1988; or 2) were revised by the Schedule of Changes for the

current effort. Unless otherwise indicated, all procedures/protocols docu-

mented in the approved Stage 2 Work Plan (January 1988) for tasks common to

the previous Stage 2 effort and those tasks required in Modification 0004 (Mod

4) remain in effect.

A.l COMBINED SITE INVESTIGATION

A combined site investigation of the Flightline Area (Sites 4, 5, 10

and 12) will be performed. The results of this investigation will be pre-

sented in a site characterization report (see Section A.7) that describes the

Flightline Area in terms of contaminant source(s), extent of Upper Zone

contamination, and impacts of the contaminant plume(s) on Carswell AFB.

Figure A-i shows the approximate locations of soil borings, monitor wells, a

pump test well, and surface water sampling points in the Flightline Area.

A.2 SUBSURFACE SOIL SURVEYS

Up to 38 boreholes will be drilled using the hollow-stem auger (NSA)

technique at the sites indicated in Table A-i. As many as 17 of the boreholes

will be converted to monitoring veils (Table A-i). One large-diameter

borehole will be drilled by NSA for construction of a six-inch diameter pump

test well.

Soil samples from boreholes will be obtained as continuous cores in

five-foot sections. Cores will be screened for evidence of organic containina-

tion with an UNu or equivalent organic vapor detector, and viii be logged

lithologically using the IRPIMS Data Collection Forms (provided separately).

A major objective of the soil boring program is to delineate the paleochannel

A-i
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features suggested in previous efforts. These highly permeable channel

deposits may act as preferential pathways for migration of contaminants in

ground water.

Up to 100 photographs of the cores may be taken. No core samples

will be retained after logging (and photographing, if appropriate). Cores

that exhibit evidence of contamination will be drummed for subsequent proper

disposal by the base. No soil toxicity analysis requirements were retained in

the Statement of Work for Mod 4. The locations and surface elevations of all

soil borings will be professionally surveyed to the specification required in

the Stage 2 Work Plan (January 1988).

A. 3 WELL CONSTRUCTION

Monitor well construction materials for the current effort are the

same as those specified in the Stage 2 Work Plan (January 1988). New monitor

wells installed in the Flightline Area (nine total) however will be screened

across the basal section of the Upper Zone Aquifer (normally the lower 10

feet). Depending on the saturated thickness of the Upper Zone, some wells may

not intercept the water table. This monitor well design modification was made

because trichioroethylene (TCE), a compound that tends to sink in water, is

the primary organic contaminant of concern in the Flightline Area. Also, by

comparing organic and inorganic contaminant concentrations in samples from

existing water table wells with those from the new wells, contaminant con-

centration profiles and vertical hydraulic gradients in the Upper Zone can be

evaluated. Individual well locations may be refined in the field by the

Radian Supervising Geologist, upon concurrence of the MSD/YAQI Consulting

Hydrogeologist, to target the channel deposits determined from the soil

borings.

Four monitor wells each will be installed at Sites 16 and 17 (see

Figures A-2 and A-3). These wells will be drilled and sampled continuously,

as previously described, to an average depth of 20 feet (total drilled depth

A-4
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Figure A-2. Locations of Proposed (and Existing) RI/PS Stage 2 Activities
and Sampling Points, Carswell APE, Site 16, Unnamed Stream
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Figure A-3. Locations of Proposed (and Existing) RIfTS Stage 2 Activities
and Sampling Points, Carsvel]. APE, Site 17, POL Tank Farm
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not to exceed 160 linear feet). The wells will be screened to intercept the

water table (Stage 2 Work Plan, January 1988).

One six-inch diameter well will be installed at the approximate

location shown on Figure A-i to perform a 24-hour pump test. A pilot boring

will be drilled and continuously cored, then re-entered and reamed with large-

diameter augers to allow installation of the pump test well. The well will be

constructed of Schedule 80 PVC and will be screened over the entire saturated

thickness of the Upper Zone (slot size 0.020 inches). A description of the

pump test procedure is provided in Section A.6.

The type of well completion required (i.e.., flush or stick-up with

protective casing and guard posts) will be specified by the base POC, Mr.

Frank Grey. Mr. Grey will also specify the identification numbers for the new

wells and will obtain base clearances/permits for all drilling locations

(previously staked).

The locations and elevations of the wells will be professionally

surveyed as required in the Stage 2 Work Plan (January 1988).

A.4 WATER LEVEL SURVEY

One staff gauge will be installed at a location on Farmers Branch

(to be determined jointly by the HSD/YAQI Consulting Hydrogeologist, Mr. Karl

Ratzlaff and the Radian supervising geologist). The horizontal location and

elevation of the staff gauge will be professionally surveyed to an accuracy of

foot vertical and foot horizontal. The synoptic water level survey

of Upper Zone ground water in monitor wells at Sites 4, 5, 10, and 12; and

surface water in Farmers Branch at the staff gauge will be performed.

A.5 WATER SAMPLING AND ANALYSIS

One round of ground-water and surface water samples will be col-

lected as indicated in Table A-i. Monitor wells and surface water sampling

A- 7



points are shown on Figures A-i, A-2, and A-3. Sampling procedures will be as

described in the Stage 2 Work Plan (January 1988). Table A-2 indicates the

number and types of required analyses by site, as well as the number and type

of field QC samples. Note that two aliquots will be collected from each well

for analysis of metals. One of the samples will be unfiltered and the other

will be filtered at the veil head using a 0.45 pm filter with millipore pump

and portable generator prior to pH adjustment.

A.6 UPPER ZONE PUMP TEST

An aquifer pump test will be performed to evaluate the hydraulic

characteristics of the Upper Zone deposits in the Flightline Area. The pump

test will involve several veils, with one six-inch diameter veil being pumped,

and several others being monitored. Figure A-4 shows a generalized cross

sectional view of a typical pump test battery of wells.

Pump tests usually provide the means to stress an aquifer to such a
7

degree that reliable estimates of transaissivity, storativity and hydraulic

conductivity can be made. These values can be calculated by observing the

dravdown and recovery of the pumping well and observation wells. Each of
these parameters vii]. help to define the nature of ground-water contaminant

plume migration.

The proposed site for the aquifer test pumping well is iediately
outside the northern perimeter of Site 4 approximately 100 feet west of
existing monitor veil 4E. A six-inch diameter well screened in the Upper Zone
will be instailed as the pumping well. A two-inch diameter observation
(monitor) veil will be installed within 50 feet of the pump test well. It is
anticipated that several existing veils in the vicinity of the pumping well

(14, 4F, 5!, and potentially others) will be monitored either electronically

or by hand. The number of veils monitored during the test viii depend upon

the lateral extent of the pumping effect on the Upper Zone. A duration of 24

hours is proposed for the test.

1

A-8



P
U

U
P

IH
G

 
a 

_
_
 

I 
__

_ 
__

_ 

'.0
 

50
—

75
 

-.
 

c*
oa

—
tl 

10
0°

—
 20

0 
I1

1E
R

s4
O

A
IE

 

20
0°

—
IO

0°
 

__
__

 
—

 
LO

N
G

 O
IS

T
A

II 
--

 

F
ig

ur
e 

A
-
4
.
 

G
e
n
e
r
a
l
i
z
e
d
 
C
r
o
s
s
 
S
e
c
t
i
o
n
 V
i
e
w
 o
f
 T
y
p
i
c
a
l
 
P
u
m
p
i
n
g
 
T
e
s
t
 W
e
l
l
 
B
a
t
t
e
r
y
 



T
A
B
L
E
 
A
-
2
.
 

R
E
Q
I
J
 I
R
E
D
 A
N
A
L
Y
S
E
S
,
 
B
Y
 
S
I
T
E
 

P
ar

am
et

er
 

t
l
.
t
h
o
d
 

S
i
t
e
 

F
i
e
l
d
 S
a
m
p
l
e
.
 

. 
T
r
i
p
 

B
l
a
n
k
.
 

A
m
b
.
 
C
o
n
d
.
 

B
l
a
n
k
.
 

E
q
u
i
p
.
 

B
l
a
n
k
.
 

D
u
p
.
 

1
 

4
 

5
 

1
0
 

1
2
 

1
6
 

1
7
 

B
S
S
 

A
l
k
a
l
i
n
i
t
y
 

A
 '

.
0
3
 

0
 

1
3
 

2
1
 

3
 

5
 

8
 

0
 

3
 

" 
7
 

7
 

(
F
i
e
l
d
 
T
e
s
t
)
 

. 

F
l
u
o
r
i
d
e
 

E
 
3
4
0
.
2
 

6
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

--
 

--
 

7
 

7
 

C
h
l
o
r
i
d
e
 

E
 
3
2
5
.
3
 

6
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

--
 

7
 

1
 

H
i
t
r
.
t
.
 

£
 
3
5
3
.
1
 

6
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

--
 

--
 

7 
7 

O
r
t
h
o
p
h
o
s
p
h
a
t
.
 

£
 
3
6
5
.
1
 

6
 

1
3
 

2
1
 

3
 

5 
6 

9
 

3
 

--
 

--
 

7 
7 

S
ul

f.t
.•

 
E

 
37

5.
4 

6
 

1
3
 

2
1
 

3
 

5
 

6
 

9
 

3
 

--
 

--
 

7
 

i
 

T
D
S
 

E
 1
6
0
.
1
 

6
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

--
 

--
 

--
 

7 

C
 

M
et

al
. 

C
 

. 

T
o
t
a
l
 
R
e
c
o
v
e
r
a
b
l
e
 

8
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

--
 

--
 

7
 

7
 

O
i
s
s
o
l
v
.
d
 

6
 

1
3
 

2
1
 

3
 

5
 

6
 

9
 

3
 

--
 

--
 

7
 

7
 

P
.
t
r
o
l
.
i
a
.
 

£
4
1
6
.
1
 

--
 

5
 

8
 

0
 

3
 

--
 

--
 

3
 

3
 

H
y
d
r
o
c
a
r
b
o
n
s
 

. 

P
u
r
e
.
b
l
e
 

£
6
0
1
 

0
 

1
3
 

2
1
 

3
 

5
 

8
 

9
 

3
 

C
C

 
,
 

7
 

7
 

H
a
 b

c .
r
b
o
n
.
 

0 

* 
H

.ta
ls

 
I
C
P
E
S
 
s
c
r
e
e
n
 (
2
5
 m
.
t
.
l
.
)
 
S
W
 
3
0
0
5
/
0
0
1
0
 

A
r
s
e
n
i
c
 (
A
k
)
 
S
W
 7
0
6
0
 

L
e
a
d
 (
A
k
)
 
S
W
 3
0
0
5
/
7
4
2
1
 

M
e
r
c
u
r
y
 (
A
k
)
 
S
W
 7
4
7
0
 

S
e
l
.
n
i
 (

A
k
)
 
S
W
 
7
7
4
0
 

*
*
I
n
c
l
u
d
e
 
o
n
e
 t
r
i
p
 b
l
a
n
k
 
w
i
t
h
 e
a
c
h
 .
h
i
p
a
.
n
t
 
o
F
 h
a
l
o
c
e
r
b
o
n
 s
a
m
p
l
e
s
 
t
o
 
t
h
e
 l
a
b
.
 
S
e
v
e
n
 t
r
i
p
 b
l
a
n
k
.
 .
r
c
 
.
u
t
.
h
o
r
l
z
.
d
.
 
I
f
 y
o
u
 w
i
l
l
 .
x
c
.
e
d
 
t
h
i
s
 
n
t
a
c
b
e
r
.
 

c
o
n
t
a
c
t
 
t
h
e
 P
D
.
 



Prior to the start of the pumping test, an 8 to 12 hour step test

will be performed. This test will be used to establish the optimum pumping

rate for achieving the desired drawdown in the pumping well. Data from the

step test will allow preliminary determination of the number and locations of

wells which can be productively monitored during the formal pump test. In

addition to the step test, it is anticipated that background data will be

collected electronically prior to the test for a period of up to seven days.

Collection of background data will document how changes in atmospheric

conditions (primarily barometric pressure) might affect the water table.

A four-inch submersible pump will be used in both the step test and

the pump test. The pump will be powered by a portable gasoline generator.

Step test pumping will begin when all well monitoring equipment is in place.

The pumping rate, in gallons per minute, will be determined by timing dis-

charge. Using a gate valve on the discharge hose, the pumping rate will be

increased in steps during the test and the drawdown will be measured. The

steps will be of sufficient duration to allow drawdown to stabilize.

Continuous monitoring of the drawdown in the pumping well and the

rate of discharge will allow the determination of the rate at which the

maximum sustained drawdown of the pumping well can be achieved. It will also

provide information regarding the suitability of the pump and water disposal

capacity to the desired rate. In addition, surrounding wells will be periodi-

cally monitored during the step test to determine the preliminary effects of

ground-water pumping. These data will be used to determine the number of

wells to be formally monitored during the 24-hour test.

The 24-hour pump test will be initiated after a sufficient period of

time has elapsed to allow the full recovery of the aquifer. All required data

from the pump test will be recorded on IR.PI}1S Pump/Recovery Test Data Col-

lection forms. At the start of pumping, discharge will be monitored con-

tinuously until the desired pumping rate stabilizes. Because drawdown is more

rapid at the beginning of the test, electronic recording of water levels in

A-il



the pumping well and surrounding wells will be in a logarithmic progression.

Hand monitoring, as necessary, will also be at more frequent intervals during

the early stages of the test. During the test, pH, conductivity, temperature

and the visual characteristics of the discharge water will be recorded at

regular intervals. In addition, the pumping rate and drawdown of the pumping

well will be periodically checked to ensure consistency throughout the test,

as wells will typically show a slow decline in discharge with time as drawdown

increases.

Electronic data logging equipment will be periodically downloaded by

hand during the test. This will allow the construction of time-drawdown

plots, or hydrographs, in the field for all wells being monitored during the

test. These plots vll be used for preliminary determination of aquifer
characteristics. Discharge water from both tests will be pumped temporarily
into a holding tank to allow observation of water characteristics and re-
cording of water quality data. Pending approval of the base POC, it is

proposed to discharge water from the holding tanks, directly to the storm

water sever system.

At the conclusion of the 24-hour ground-water pumping, well mon-

itoring and. observation will continue so that the effects of ground-water

recovery can be recorded. Recovery data will be included on the hydrographs

for each well. Data from the aquifer pumping test will be used to calculate

hydraulic parameters for the Upper Zone.

A.7 REPORTING

In addition to the required monthly R & D Status Reports, the
following deliverables will be produced in accordance with the schedule
indicated in VI DELIVERABLES of the Statement of Work, as amended for Mod 4:

• Decision Documents - for each site/area for which a finding of

NPA or a preferred remedial alternative can be identified.
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Format is specified in USAFOEHL/TS Handbook, Section 3, Version

3.0.

• Informal Technical Information Report (ITIR) - to include

results of all new Stage 2 analyses. Format is specified in

USAFOEHL/TS Handbook, Section 8, Version 3.0.

• Site Characterization Report - for Flightline Sites 4, 5, 10,

and 12 in terms of delineating the extent, identification of

potential sources, and impact of the TCE and chromium plumes on

base.

• Letter Report - critique of Hargis and Assáciates, 1989 report,

with special emphasis on their contaminant plume findings as
they impact Carswell AFB.

• R.I/FS Report - incorporate new results into IRP RI/FS Stage 2
Final Draft (April, 1988) to produce third and fourth Drafts,.
and Final IRP RI/PS Stage 2 reports.

A-13
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1.0 OUALITY ASSURANCE/OUALIT! CONTROL

The Quality Assurance (QA) and Quality Control (QC) protocols to be
used to accomplish the 1K? Phase II (Stage 2) study at Carswell Air Force Base
(AFB) Texas are described in Section 1.

1.1 Introduction

This document presents the Quality Assurance Project Plan (QAPP) for

work to be performed during 1K? Phase II (Stage 2) at Carswell (APR) under

Contract F33615-87-D-4023, Delivery Order No. 04. The purpose of the Stage 2
IRP field activities at Carswell APR is to complete field investigations begun

in the 1K? Phase II (Stage 1) project, as directed by the Statement of Work

dated 25 September 1987. Field activities at Carswell APE will include shallow

and deep monitor well installation, sampling newly constructed and existing
wells, soil borings and sampling, sediment sampling and surface water sampling.

- This QAPP provides instructions, specifications, and procedures for

the performance of these activities by Radian employees and their subcontrac-

tors. Changes or modifications to this plan will require the approval of the
Radian Project Director.

I—'



1.2 Project Descri,tion

The Carewel]. APE IRP Phase II Stage 2 Project involves the concise

delineation of contamination at the known sites by a variety of hydrogeologic,

geophysical, and geochemical mea. The project will involve the installation

of new upper zone and Paluxy Aquifer (optional) groundwater monitoring wells,

sampling of these wells and of the previously installed monitoring wells, and

a variety of soil and soil vapor sampling programs designed to establish the

extent of contamination at the eleven known sites at Carsvell APE.

Upper zone groundwater contamination was originally discovered in

the Phase II Stage 1 study, and the purpose now will be to define the extent

of contamination at the various sites. This effort will consist of

investigation of both groundwater levels arid groundwater quality at the exist-

ing wells and new wells which will be installed during this stage of the pro-

ject. Hydraulic conductivity of the materials comprising the upper zone

aquifer will be measured as a means of estimating the probable migration of

contaminated fluids within the upper zone.

In addition to the contamination of the upper zone aquifer, contami -
nation of the underlying Paluxy Aquifer is also a concern. If necessary, one
additional well will be installed near the western margin of Carswell APE to

evaluate possible contamination found in the Paluxy Aquifer west of Carsuell
APE. Continued sampling of the two existing Paluxy Aquifer wells at Carswell

APE will be a part of this effort.

Soil sampling will be undertaken at sites known to have sustained

leaks or spills of hazardous substances. These programs will assess the ex-
tent and nature of contamination in soils at the sites, and provide
information critical to later remediation efforts. A soil vapor study w'.ll

also be conducted at the Ease Service Station and a Fire Training Area. In

addition to the soil sampling, stream sampling will be conducted on identified

1—2



surface drainages to determine the nature and extent of contamination along
their length.

The following listing of sites contains a description of the planned

major activities on a site by site basis; a detailed breakdown of activities

by site is provided in Table 1.2-1.

• Site 1: Landfill 1

- - Perform magnetometer survey to define/investigate anoma-

lies noted during Stage 1.

-- Install two new upper zone wells at locations to be deter-

mined in the field.

-- Sample groundwater from the two newly installed upper zone

monitor wells and the four existing upper zone monitor

wells.

-- Perform slug tests to determine hydraulic conductivity of

upper zone materials.

• Site 3: Landfill 3

- - Install three upper zone monitor wells southeast, north-

west, and northeast of site boundaries.

- - Install two upper zone monitor wells west of landfill near

flight line drainageway.

-- Install one Paluxy Aquifer monitor well, west of the land-

fill (optional).

1—3
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Collect groundwater (two rounds) from the six newly in-

stalled monitor wells.

• Site 4: Landfill 4

- - Install three upper zone monitor wells east and north of

the landfill.

- - Perform slug tests to determine hydraulic conductivity of
-

upper zone.

- - Sample groundwater (two rounds) from all upper zone and

Paluxy Aquifer wells at the site.

• Site 5: Landfill 5

- - Install three upper zone monitor wells east of landfill

and two upper zone monitor wells west of the landfill.

- - Perform slug tests on newly installed upper zone wells to

determine hydraulic conductivity.

-- Sample groundwater (two rounds) from existing and newly

installed wells.

• Site 10: Waste Burial Area

-- Conduct magnetic survey to prevent drilling into buried

container drums.

-- Perform three soil borings and analyze soil samples.

)
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• Si-te 11: Fire Department Training Area 1

- - Continued sampling (two rounds) and analysis of two exist-

ing wells.

• Site 12: Fire Department Training Area 2

-- Install two upper zone monitor wells, sample groundwater

(two rounds) from the newly installed wells and three

existing wells.

• - Drill and sample five soil borings in Fire Training Area

to test subsurface conditions.

-- Perform slug tests on three upper zone monitor wells to

determine hydraulic conductivity.

• Site 13: Flighcli'ne Drainage Ditch

-- Collect surface soil and/or sediment samples (two rounds)

at five locations along the bottom of the ditch to verify

cleanup.

• Site 15: Entomology Dry Well

Determine location of Entomology Dry veil. Hand auger and

sample three soil borings in probable vicinity of the dry

well.

-- Measure water levels in existing upper zone monitor wells.

• Site 16: Unnamed Stream

-- Collect surface water samples (two rounds) at four
locations near oil/water separator.
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• Site 1?: POL Tank Farm

-. Conduct a soil vapor survey of the entire area near the

tank farm.

-- Install five upper zone groundwater monitor wells.

-- Sample groundwater (two rounds) from the newly installed

upper zone wells.

- - Perform slug tests on three selected upper zone monitor

wells to determine hydraulic conductivity.

• Site WSA: Weapons Storage Area (Off Base)

-- Hand auger and sample eight shallow soil borings.

• Site BSS: Ease Service Station

- - Conduct a soil vapor survey.

-- Install four upper zone monitor wells.

-- Sample groundwater (two rounds) from the newly installed

upper zone wells.
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1.3 Proiect Orzanization and Resi,onsibility

Phase II (Stage 2) activities of the Carswe].l Afl IRP field program

will be organized as follows: Program Manager (F.J. Smith), Project Director

(L.N. French), Supervising Geologist (G.J. Childs), and Drilling Subcontractor

Supervisor (not determined). The Program Manager and Project Director have

overall responsibility to ensure that all activities are performed in

accordance with EPA, U.S. Air Force, all state, federal, and local require-

ments, and according to Radian Corporation policy. The Program Manager and

Project Director are further charged with assuring that all applicable field

personnel receive adequate Health and Safety training and that all health and

safety procedures are followed. The Supervising Geologist will be responsible

for the conduct of field activities including the supervision of drilling and

surveying, collection of soil and water samples, and the proper handling and

shipping of samples from the field to the laboratory.
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1.4 Oualitv-Assuranc!e Oblectives

The objectives of the quality assurance efforts for this program are

twofold. First, they viii provide the mechanism for ongoing control and eval-

uation of measurement data quality throughout the course of the project. Sec-

ond, audit results and quAlity control data viii ultimately be used to define

data quality for the various measurement parameters, in terms of precision and

accuracy.

Data quality objectives for the various measurement parameters asso-

ciated with site characterization efforts are presented in Tables 1.4-1

through 1.4-3. Precision values presented in the tables represent a measure

of variability for replicate measurements of the same parameter, expressed in

terms of the coefficient of variation (relative standard deviation). Accuracy

values include components of both random error (i.e., variability due to

imprecision) and systematic error (i.e., bias), and thus reflect the total

)
error for a given measurement, expressed as a percentage of the true value.
The basis for these estimates are, Ln most cases, described in the methods.

Some of the accuracy estimates are, for instance, based on recovery studies

using reagent water. Actual results for samples in a solid matrix (which is

much more difficult from an analytical standpoint) would not be expected to be

as accurate or precise.

Precision and accuracy objectives presented in Tables 1.4-1 through
1.4-3 are not intended to represent data validation criteria. Measurement

data validation is discussed in Section 1.9. Rather, these values simpiy rep-
resent estimates of the magnitude of uncertainty which might be associated
with the measurement data due to measurement error. The QA/QC efforts will
focus upon controlling measurement error within these limits and will ulti-
mately provide a database for estimating the actual uncertainty in the mea-
surement data. It is anticipated that this uncertainty will generally fall
within the limits shown in Tables 1.4-1 through 1.4-3. In terms of impact
upon the program objectives, data quality objectives are not equally important
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TABLE 1.4-1. SUMMARY OF ESTIMATED PRECISION, ACCURACY,
AND DETECTION LIMIT OBJECTIVES

Accuracyb Detection LimitC

(Recovery)

Pesticides & PCBs

(Method 8080)
Herbicides

(Method 8150)
Phenols

(Method 8040)
Volatile Halocarbons

(Method 8010)
Volatile Aromatics

(Method 8020)
Pesticides

(Method 8140)
Volatile Halocarbons

(Method 8240)
Seaivo1atile Organics

(Method 8270)
Metals (Method 6010)

Antimony
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Molybdenum
Nickel
Silver
Vanadium
Zinc

Arsenic
(Method 7060)

Selenium
(Method 7740)

8% to 202% (See
Method)d

2% to 26%

-88% to 145%d

-30% to

-4% to 65%d

See Method 8140
Table 3

Refer to Table
1.4-2

Refer to Table
1.4-3

See Method 8080
Table 1

See Method 8150
Table 1

See Method 8040
Table 1

See Method 8010
Table 1

See Method 8020
Table 1.

See Method 8140
Table 1

See Method 8240
Table 2

See Method 8270
Table 2

1'-10

(Continued)

Parameter Precis

(RPD)

50%

50%

50%

50%

50%

50%

50%

50%

20%
20%
20%
20%
20%
20%
20%
20%
20%
20%
20%
20%
20%

20%

90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
90-110%
85- 115%

0.060
0.009
0.001
0.003
0.009
0.010
0.010
0.050
O . 020
0.009
0.020
0.006
O .004

mg/L
mg/L
mg/1
mg/L
ag/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

85-115% 0.002 mg/L



TABLE 1.4-1. (Continued)

Parameter Precisiona
(RPD)

Accuracyb
(Recovery)

Detection LimitC

Mercury 20% 85-115% 0.0002 mg/L
(Method 7470)

'

Lead 20% 85-115% 0.003 mg/L
(Method 7421)

pH +0.1 pH pH
(Method 9040) units units

Chloride 15% 85-115% 1 mg/L
(Method 325.3)

Sulfate 15% 90-110% 1 mg/L
(Method 375.4)

Fluoride 10% 90-110% 0.1 mg/L
(Method 340.2)

Oil & Crease (soil) 10% See Method 413.2
(Method 413.2)

Petroleum Hydrocarbons Not Specified Not Specified
• See Method 418.1

(Method 418.1)
Alkalinity 10% See Method SM 403

(Method SM403)
Total Dissolved Solids 20% +15% See Method 160.1

(Method 160.1) .

aprecision - Relative Percent Difference (RPD) between duplicate matrix spike

recoveries, or duplicate analyses.

bAccuracy - Expected range of recovery for QC check samples and, as specified
by the method, for matrix spike recoveries.

CD.tectiofl Limit - Minimum detection limit in clean aqueous matrix. Practical

quantitation limits are given in methods, or may be estimated based on sample
size and final extract/digestate volume.

dRange of relative error for species of interest, based on EPA method
validation testing. See method for further explanation.
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TABLE 1.4-2. QC ACCEPTANCE CRITERIA FOR METhOD 8240

Accuracy Precision

Parameter (Percent Recovery) (RPD) (%)

Chloroiuethane D-273 50

5rooethane D-242 50

Vinyl chloride D-251 50

Chioroethane 14-230 50

Methylene chloride D-221 50

Trichiorofluoromethane 17-181 50

li-Dichioroethene D-234 50

1,1-Dichioroethane 59-155 50

trans-1,2-Dichloroethene 54-156 50

Chlorofora 51-138 50

1,2-Dichioroethane 49-155 50

1,11-Trichioroethane 52-162 50

Carbon Tetrachioride 70-140 50

Bromodichloromethane 35-155 50

L,2-Dichloropropane D-210 50

cis-1,3-Dichloropropene D-227 50

Trichioroethene 71-157 50

Dibroochloromethane 53-149 50

1,1,2-Trichloroethane 52-150 50

Benzen. 37-151 50

trans-1,3-Dichloropropene 17-183 50

2-Chioroethylvinyl ether D-305 50

Broinoform 45-169 50

Tetrachioroethene 64-148 50

1,1,2,2-Tetrachloroethane 46-157 50

Toluene 47-163 50

Chlorobenzene 37-160 50

Ethyl benzene 37-162 50

Surrogates

Water

4-Bromofluorobenzens 86-115 NA

Toluene-d8
88-110 NA

1,2-Dichioroethane 76-114 NA

Soil

4-3roofluorobetizene 74-121 NA

Toluene-d3
81-117 NA

1,2-Dichloroethane 70-121 NA

D - Detected.
NA - Not Applicable.

1—12



TABLE 1.4-3. QC ACCEPTANCE CRITERIA FOR METHODS 625 AND 8270

Accuracy
Parameter (Percent Recovery)

Precision
(RPD) (%)

N-Nttrosodimethylamine NA 50
Phenol 5-112 50

Bis(2-Chloroethyl)ether 12-158 50
2-Chiorophenol 23-134 50
1,3-Djchlorobenzene D-172 50
1,4-Dichlorobenzene 20-124 50
1,2-Dichlorobenzene 32-129 50

Bis(2-Chloroisopropyl)ether 36-166 50

N-Nitroso-di-n-propylamine D- 230 50
Haxachioroethane 40-113 50
Nitrobenzene 35-180 50
Isophorene II 21-196 50
2-Nitrophenol 29-182 50

2,4-Dimethy].phenol 42-109 50

Bis(2-Chloroethoxy)inethane 33-184 50

2,4-Dichiorophenol 39-135 50
l,2,4-Trichlorobenzene 44-142 50

Naphthalene 21-133 50
Hexachiorobutadjen. 24-116 50

4-hloro-3-methy1pheno1 22-147 50
Hexachiorocyclopencadiene NA 50
2,4,6-Trichlorophenol. 37-144 50

2-Chloronaphthalene 60-118 50
Dimethyl Phthalate D-112 50

Acenaphthylene 33-145 50
Acenaphthene 47-145 50
2,4-Djnitroto].uane D-191 50
4-Nitrophenol D-132 50
2,6-Dinitrotoluen. 50-158 50
2,4-Dinitroto].uene 39-139 50

Diethylphthalate D-114 50

4-Chiorophenyl-phenylether 25- 158 50
Fluoren. 59-121 50

4,6-Dinitro-2-methylphenol D-181 50

N-Nitrosodiphenylamine NA 50

4-Bromophenyl-phenylether 65-114 50
Hexachiorobeuzene NA 50

Pentachlorophenol 14-176 50
Phenanthrene 54-120 50
Anthracene 27-133 50

Di-n-butylphthalate 1-118 50
Fluoranthene 26-137 50
Benzidine NA 50

(Continued)
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TABLE 1.4-3. QC ACCEPTANCE CRITERIA FOR METHODS 625 AND 8270 (cont.)

Accuracy
Paraneter (Percent Recovery)

Precision
(RPD) (%)

Pyrene 52-115 50

Butylbenzylphthalate D-152 50

3,3-Dichlorobenzidine 8-213 50

Benzo(a)anthracene 33-143 50

Bis(2-ethyl hexyl)phthalate 29-137 50

Chrysene 17-168 50

Di-n-octyl phthalate 4-146 50

Benzo(b)fluoranthene 24-159 50

Benzo(k)fluoranthene 11-162 50

Eenzo(a)pyrene 17-163 50

Indeno(1,2,3-CD)pyrene D-171 50

Diber3z(a,h)anthracene D-227 50

Benzo(g,h,i)perylene D-219 50

Surrogates

Water

)
Nitrobenzene-d6 35-114 NA

2-Fluorobiphenyl 43-116 NA

p-Terphenyl-d14
33-141 NA

Phenol-d5
10-94 NA

2-Fluorophenol 21-100 NA

2,4.5-Tribroaophenol 10-123 NA

Soil

Nitrobenzene-d5
23-120 NA

2-Fluorobiphenyl 30-115 NA

p-Terphenyl-d14
18-137 NA

Ph.nol-d5
24-113 NA

2-Fluorophenol 25-121 NA

2,4,5-Tribromophenol 19-122

D - Detected.
- Not Applicable.

)
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for all measurement parameters, or even for the same measurement parameter
used for different purposes.

Measurement data representativeness is a function of sampling strat-

egy and will be achieved using the procedures discussed in Section 2. Data

comparability will be achieved using standard units of measure as specified in

the methods described in Section 1.8. The objective for data capture for all

measurement parameters will be 90%, where completeness is defined as the val.d

data percentage of the total number of tests conducted.

)
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1.5 SamDling Procedures

The following section briefly describes the sa

outlined in Section 2. Refer to Section 2 for detailed de

1.5.1 Geoohvslcal Techniaues

Surface geophysics will be used Co help define t

disposal activities and locate buried objects. The method

is magnetic gradient surveying.

1.5.2 Drilling

- Drilling will be accomplished by using a ho11ow-

shallow soil borings and the installation of upper zone mon:

and air rotary drilling will be used to install the Paluxy r

necessary.

1.5.3 Well Installation

Groundwater monitoring wells will be installed in

lower aquifer using either a hollow-stem auger rig or a rota

of drilling will be dependent on the type of formation and

boring. Monitor wells will be installed according to specif

Section 3 of the RCRA Groundwater Technical Enforcement Guid

1.5.4 Water Samoling

Water samples viii include groundwater and surface
Groundwater samples viii be collected from monitor wells by
stalled submersible electric pump or a Teflon bailer. Groux

will follow the techniques in Section 3 of the RCRA Ground

Enforcement Guidance Document.
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1.5.5 Soil and Sediment SamDling

• Rand auger sampling will be used to collect soil samples

maximum depth of 10 feet below land surface (BLS). Sp)

will be collected in one-foot intervals at selected dept

until total depth is reached.

• Split-spoon samples will be collected usi.ng a spli.t-barre

sampler and a hollow-stem auger drill rig. Samples will

collected at 5-foot intervals for lithologic characterizati

Samples collected for chemical analysis will be selected ba

on visual observation. Split-spoon sampling will follow t

the American Society for Testing Materials (ASTM) standard

method for penetration test and split-barrel sampling of soi

• Soils will be classified using the Unified Soil Classificati

System prepared by the U.S. Army Engineer Waterways Experimet

Station Corps of Engineers.

I
1.5.6 Air Monitoring and Soil Gas SamDling

Gas phase sampling will include air monitoring during drilling and

soil gas surveys.

• Air sampling during drilling will be conducted using an organic

vapor analyzer to detect the generation of potentially

hazardous and/or toxic vapors or gases.

• Soil gas samples will be collected by pumping a small amount of

soil gas from the ground through a hollow probe driven a few

feet into the ground and analyzing the gas for volatile con-

taminants.
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1.6 Sample Custody

Sample custody procedures for this program are based on
EPA—recommended procedures which emphasize careful documentation of sample
collection and transfer data. The Supervising Geologist will be responsible
for field team adherence to proper custody and documentation procedures for
all sampling operations. To ensure that all of the inportant information per-
taining to each sample is recorded, the following documentation procedures
will be executed. Preformatted field data and sample custody forms will be
used to document the relevant information for each sample taken. A master
sample logbook will be maintained on site for all samples collected. Field
data and sample custody information will supplementally be backed up on a com-
puterized data base systam, to facilitate retrieval and sample tracking. Spe-
cific procedures which will be used are discussed below.

1.6.1 Chain of Custody

Sample chain of custody involves documenting the handling of a sam-

ple from the time of acquisition to the time of disposition. This section
describes the procedures which will be used to accomplish chain of custody

control.

Sample Tags

Each sample taken will itwnediately receive a sample label (Figure
1.6—1). Sample labels serve to identify the sample by documenting the sample
type, who took it, where it was taken, when it was taken, and the preservation
method used. These labels are completed with a ballpoint ink pen and affixed
to the sample container.

)
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Chain of Custody Record

Sample custody will be documented using the form shown in Figure
1.6—2. After the water, soil, or vapor sample information is entered in the
master logbook (Section 1.6.2), a chain of custody form will, be completed and
will accompany the samples throughout ai.l analytical work to final disposi-
tion. On each container of samples sent off site for analysis, a tampering
indication seal (Figure 1.6—3) will be affixed. This seal should remain in-
tact until the container is opened at the appropriate laboratory.

Transfer of Custody and Shipment

The chain of custody forms are printed on four—part NCR (no carbon
required) paper and distributed in the following manner:

• Original (white) — Sent to the laboratory with samples and corn—

) pleted and signed off when the sample is disposed of. The
original copy is then returned to the Project file.

• Second Copy (yellow) — Sent to the laboratory with samples.
This copy is retained by the laboratory when analyses are com-
pleted and the sample is disposed of.

• Third Copy (pink) — Retained by the Supervising Geologist when
the sample is shipped to the laboratory for analysis.

• Fourth Copy (amber) — Retained by the Supervising Geologist to
be placed in the Project file to document the existence of the
sample. -

)
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Laboratory Custody Procedures

Each laboratory conducting analyses for this progrem will be requir—

ed to use the described chain of custody forms to document the handling of
each sample. Exception will be made only if the laboratory has an internal
sample tracking system that satisfactorily documents continuous chain of cus-
tody.

When analytical results are returned by the analytical laboratories.
the Supervising Geologist or designee will date stamp the analytical results
and annotate the sample master log to indicate receipt of sample results. The
information recorded in the master log will be checked to ensure that complete
analytical results have been reported. The laboratory will be notified if
errors such as incorrect sample control numbers, incomplete lab analysis, or
other incorrect or incomplete information are found. An amended report will
then be requested.

1
1.6.2 Documentation

Sample Identification

All samples brought in from the field iediately receive a "sample
control number." This number will be unique to each individual sample and a
label bearing the sample control number will, be affixed to each container.
The number will remain with the sample throughout the analysis and data entry
procedures. Boring Logs and other "real time" data sheets should also receive
a sample control number. Typically, the number sequence used for sample con-
trol numbers will include the month and year the sample was collected.

Sample Control Logs—A Master Sample Log will be maintained for all

samples taken. Each sample will be assigned a unique identification number

)
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(sample control number); and a full description of the sample, its origin, and

its disposition will be included in the master log entry.

Laboratory Logs—Analytical data will be recorded in bound, pagi-
nated laboratory notebooks. All notebook entries wii.l be dated and initialed
by the author. In addition to the analytical results, any reagent and stan-
dard preparation will be documented in a separate section of the appropriate

analytical notebook. Typical information will include documentation of dates
for preparation of stock solutions, manufacturers' lot numbers, preparation

procedures, etc. Other media for recording analytical data will be acceptable

if they can be considered to be legally defensible.

Copies of raw data, laboratory notes, chromatogranis. stripchart re-
cordings. and standard curves will be maintained in a central file for future
inspection. Copies of instrument logs and maintenance records will also be
available for review.

)
Corrections to Documentation

Corrections made to chain of custody and related documents (labels.
logs, records. etc.) should be made by drawing a single line through the in-

correct section and initialing the action. Any affected persons should be

immediately notified.

1.6.3 Sample Packaging and Shipping

The Supervising Geologist is responsible for properly packaging and
shipping the samples to the laboratory. All pertinent Department of Trans-
portation (DOT) shipping regulations will be followed. Packaging and shipping
requirements will be discussed in this section for each type of sample. The
entering of shipping data into the sample master log and procedures for con—
tacting laboratories about incning shipments will also be discussed.

)
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Water Samples

Packaging—Water sample containers are taped and sealed around the
cap with electrical tape. If the container is glass, a protective poly—net is
placed over the container to protect it from breakage. The samples are placed
in an ice chest and enough blue ice is placed in the ice chest to maintain the
proper storage tperature. The ice chest is then packed with vermiculite to
prevent breakage. The original and yellow copies of the chain of custody form
are enclosed in a waterproof envelope and placed in the shipping container.

The shipping container is closed and a tampering indicator seal is affixed on

the container to prevent the container from opening during shipment.

Shipping—A Federal Express airbil form is completed and addressed
to the proper laboratory. Airbill charge numbers will vary according to the

location where the sample was taken and the type of sample. The pink copy
will be retained and filed. The completed airbil is enclosed in a waterproof
envelope and affixed on the shipping container. The sealed shipping container
is taken to Federal Express for delivery, generally overnight.

The shipping data will be entered into the sample master log, and
the contracting laboratory will be informed of the incing shipment (number
of samples and airbil number).

—Soil samples are packaged in the same manner as described
for water samples.

Shipping—Soil samples are shipped in the same manner as described
for water samples.

1—25



1.7 Calibration Procedures

Documented calibration procedures are required to provide con-
sistency in preparing equipment for performing specific analytical measure-
ments. Established calibration procedures then provide a mechanism for making

measurements taken with a specific type of equipment comparable. Information

is presented in this section which pertains to the calibration of the analyti-

cal systems. See Tables 1.10—1 and 1.10—2 for quality control checks for

individual analytical methods.

Inductively—Coupled Plasma Emission Spectrophotometer Calibration

For metals analyses by inductively—coupled plasma emission spectro—

photometer, the method requires generating a single—point calibration curve.

A quality control check sample and a system blank should be run after calibra-

tion and after every 10 samples to verify instrument calibration.

Atomic Absorption Spectrophot ometer Calibration

For atomic absorption analyses, a multi—point calibration curve with
a correlation coefficient of greater than 0.995 must be generated. In addi-
tion to this, a quality control check sample and a system blank must be ana-
lyzed after calibration and every 10 samples.

Gas Chromatograph Calibration

For GC analyses, calibration curves are generated based on
multi—point instrument responses for each target analyte. The correlation
coefficient must be greater than 0.995. Daily, prior to analysis, a standard

solution containing the target analytes is injected. The response for each

analyte must agree within + 13% of the multi—point response.

)
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Gas Chromato rah'y/Mas s SDectrooho tome ter Cal ibrat ion

For method 8270/625, a multi-point concentration curve is generated

with a correlation coefficient greater than 0.95. Decafluorotriphenyiphos-

phine (DFTPP) is added to the internal standard to permit mass spectrophotom-
eter tuning daily. A daily single-point check must agree within 30% of the

value predicted from the multi-point curve.

Before analysis by method 8240, the CC/MS is tuned with bromo-

fluorbenzene (BFB) to give an acceptable mass spectrum, as defined by EPA.

After meeting the tuning criteria, a five-point calibration curve will be gen-

erated according to method protocol. Response factors for the volatile com-

pounds obtained from the five-point average will be used for quancitation.

Response factors will be calculated by tabulating the area response of the

primary characteristic ions against the concentration for each compound, in-

cluding the internal standards.

&
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1.8 Analytical Procedures

Several types of samples will be collected during the Carswell AFB

site investigation including soil, sediments, groundwater, surface water and

soil gas samples. The majority of the sample analyses will be performed

according to EPA methods detailed in "Test Methods for Evaluating Solid Waste,

Physical/Chemical Methods," henceforth referred to as SW-846. These methods

and numbers of analyses (specified in the Scope of Work) to be performed are

listed in Tables 1.8-1 through 1.8-4. By utilizing various extraction and or

digestion procedures, most test methods are applicable to both solid and

liquid sample types. Copies of the standard methods are available at Radian.

Brief descriptions of the methods are presented in this section.

If methods other than those specified in this QAPP are to be used,

the following procedure must be completed before making the change. A copy of

the proposed method, including a table detailing the differences in the meth-

) ode, the expected precision and accuracy, and an explanation for the change,

must be submitted to the Radian QA Coordinator. The QA Coordinator will re-
view the request for change and will respond in writing as to whether the

method may be substituted or not.

1.8.1 Metals Analyses

Two techniques, inductively coupled plasma atomic emission spectros-

copy (ICP) and atomic absorption (AA), will be employed to measure levels of

specified metals in samples. Both methods are applicable to all sample matri-

ces including groundwater, aqueous samples, EP extracts, industrial wastes,

soils, sludges, and sediments. Sample digestion is required prior to all ICP

analysis, and most U analysis.

A description of the digestion and analytical methods to be used in

the Carswell APE Phase II Stage 2 work follows.
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EPA Method 3050 Acid Digestion

This digestion method is used to prepare sediments, sludges, and

soil samples for analysis by AA or ICP. A portion (1 to 2g) of the sample is

digested in nitric acid and hydrogen peroxide. A final reflux procedure is

performed using either dilute hydrochloric or dilute nitric acid depending

upon the metals to be analyzed for and the procedure used for the analysis.

EPA Method 6010/200.7 - ICP Procedures

Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP) deter-

mines elements in solution. All matrices, including groundwater, surface wa-

ter, aqueous samples, EP extracts, industrial wastes, soils, sludges, and sed-

iments require digestion prior to analysis.

Elements for which Method 6010 is applicable are listed in Table

1.4-1. The method describes a simultaneous or sequential multi-elemental de-

termination by ICP. Element-emitted light is measured by optical
spectrometry. Samples are nebulized and the resulting aerosol is transported

to the plasma torch. Element-specific atomic line emission spectra are pro-

duced by radio-frequency inductively coupled plasma. The spectra are dis-

persed and the lines monitored by photomultipliar tubes. Background must be

measured and corrected for. Additional interferences are also possible and
must be accounted for.

EPA Method 7000 - Atomic AbsorDtion

Metals in solution may be rapidly determined by Atomic Absorption

Spectroscopy (AA). Most samples, with the exception of particulate free

)
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drinking water, require digestion prior to analysis. Two methods of AA spec—

troscopy are commonly used: direct aspiration and a furnace procedure. Table

1.8—2 arid 1.8—4 lists method detection limits for each procedure. A graphite

furnace (GPAA) technique will be used to analyze samples from Carawell APB.

AA techniques for specific elements to be analyzed in this study are arsenic

(EPA 7060). lead (EPA 7420), mercury (EPA 7471) and selenium (EPA 7740).

When using GFAA. a sample aliquot is placed in a graphite tube in

the furnace, evaporated, charred, and atomized. Radiation from a given

excited element is passed through the vapor containing ground—state atoms of
that element. The intensity of the radiation decreases in proportion to the
amount of ground—state atoms present. A inonochromator isolates the

characteristic radiation from the hollow cathode tube or electrodeless
discharge lamp, and a photosensitive device measures the attenuated
transmitted radiation.

) AA methods are susceptible to some chemical interference and matrix
effects, These interferences arid effects must be accounted for. Several
treatments are described in the EPA Methods.

1.8.2 Organic Analyses

In this section, several "general organic" analyses will be present-
ed, followed by a series of extraction procedures typically used prior to more
specific GC and GC/MS analyses. The extraction procedures are then followed
by brief summaries of the analyses for the specific classes of organics.

EPA Method 413.2 — Oil and Grease (Infrared)

This method includes the measurement of fluorocarbon—113 extractable
matter from surface water and industrial and domestic wastes. It is appli-
cable to the determination of hydrocarbons, vegetable oils, animal fats, wax-
es, soaps, greases and related matter. It will measure light petroleum fuels,

)
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and is generally a more accurate estimation of the oil and grease parameter
than the grav'imetric method. The sample is acidified to a low pH and extraàt—
ed with £luorocarbon—113. The oil and grease is determined by comparison of
the infrared absorbance of the sample extract with standards.

EPA Method 4l8l — Petroleum Hydrocarbons (Infrared)

Oil and grease is a measure of biodegradable animal greases and veg-
etable oils whereas petroleum hydrocarbons are considered mineral oils. A

sample of 1 liter volume is collected in a wide mouth glass bottle. The sam-
ple is acidified to <2 pH with H2S04 as a means of preventing microbial activ-
ity. Serial extraction with fluorocarbon—113 is accomplished in a separatory
funnel, with interferences renoved in silica gel adsorbant. Analysis is per-
formed by infrared spectrophotometry.

1.8.3 Extraction Procedures

)
EPA Method 1310 — Extraction Procedure (EP) Toxicity Test

This extraction procedure is enployed to determine whether a waste

exhibits characteristics of Extraction Procedure Toxicity (EP Toxicity) as
specified in 40 R Part 261.24. It may also be used to simulate leaching in
a sanitary landfill. If rh. sampl, contains '0.5% solids, the solid phase
must be ground to pass a 9.5 mm sieve. This solid phase is extracted with
deionized water 1Ü a specially designed mixer for 24 hours. The pH is main-
tained at 5 with acetic acid. Th. sample is then filtered and the filtrate
analyzed for the specified metals and organics. Samples containing less than
0.5% solids are directly analyzed.

EPA Method 3550 — Sonication Extraction

EPA Method 3550 is a procedure for extracting nonvolatile and
senivolatile organic compounds from solids such as soils and sludges. The

)
1—35



sonication process ensures intimate contact of the sample matrix with the
extraction solvent.

A weighed sample of the solid material is ground. mixedwith the ex-

traction medium, then dispersed into the solvent using sonication. The ex-
tract may be dried with anhydrous sodium sulfate. The resulting solution may
then be cleaned up further or analyzed directly using the appropriate

technique. Freon is typically used as the solvent, although other solvents

may be used for specific analytical applications.

EPA Method 5030 — Purge and Trap

EPA Method 5030 is used to determine the concentration of volatile

organic compounds in a variety of liquid and solid matrices. It is based upon

a purge—and—trap, gas chromat ographic procedure.

)
The method is applicable to nearly all types of samples, regardless

of water content, including aqueous sludges, caustic liquors, acid liquors,

waste solvents, oily wastes, water, mousses, tars, fibrous wastes, polymeric

emulsions, filter cakes, spent carbons, spent catalysts, soils, and sediments.
The success of this method depends on the level of interferences in the sam-
ple; results may vary due to the large variability and complexity of matrices
of solid waste samples.

A portion of the solid sample is dispersed in polyethylene glycol

(PEG) • tetraglyme. or distilled—in—glass methanol to dissolve the volatile

organic constituents. A portion of the PEG, tetraglyme, or methanol solution

is combined with water in a specially designed purging chamber. An inert gas
is then bubbled through the solution at ambient temperature and the volatile
components are efficiently transferred from the aqueous phase to the vapor
phase. The vapor is swept through a sorbent column where the volatile

).
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components are trapped. Alter purging is completed, the sorbent column is
heated and backflushed with inert gas to desorb the components onto a gas
chromatographic column. (For EPA Method 8020, drying of the trap for 4
minutes under helium flow is required.) The gas chromatographic column is
heated to elute the components which are detected by the appropriate detector.

1.8.4 Organic Analyses by CC/MS

Several analytical techniques will be used for analysis of the sam-
ple extracts. Halogenated volariles will be analyzed by GC with a
halide—specific detector (GC/HSD). Ethylene dichioride, ethylene dibromide,
and benzene will be analyzed by CC/MS. Semi—volatile extractables will also
be analyzed by GC/MS. Analytical techniques for chlorinated hydrocarbons and
volatile aromatics are CC methods, with an electron capture detector (E)
used for chlorinated hydrocarbons, and a photoionization detector (PID) used
for aromatic hydrocarbons. These methods are described below.

)
EPA Method 8240 — GC/MS for Volatile Organics

This method is based upon a purge—and—trap, gas chromatographic/mass

spectrometric (GC/MS) procedure and may be used to determine volatile organic

compounds in a variety of solid matrices. It is applicable to nearly all
types of samples, regardless of water content, including water, aqueous

sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses,

tars, fibrous waste, polymeric emulsions, filter cakes, spent carbons, spent

catalysts, soils, and sediments. The detection limit of EPA Method 8240 for

an individual compound is appro{inately 1 ug/L (wet weight) in solid samples.
For samples containing more than 1 mg/g of total volatile material, the de-

tection limit is proportionately higher.

The volatile compounds are introduced to the gas chromatograph by
the purge—and—trap method, using water as the solvent and dispersion medium.
The components are separated via the gas chromatograph and detected using a

)
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mass spectrometer which provides both qualitative and quantitative informa-
tion. For some programs, a mass spectral library search will be used to ten—
tatively identify a specified number (see current work plan) of major com-
pounds which were not identified by direct comparison to a calibration stan-

dard. A compound will be considered major if its peak area is at least 25% of
the peak area of the closest eluting internal standard.

Qualitative identification of sample components will be based upon
the Extracted Ion Current Profile (EICP) for the primary characteristic ion

and at least two other characteristic ions for each compound. A qualitative

identification will require that the following criteria be met:

• The characteristic ions of each compound of interest must maxi-

mize in the same scan or within one scan of each other.

• The retention time must fall within +/—30 seconds of the reten-
tion time of the authentic compound.

• The relative peak heights of the characteristic ions in the
internal standard EICPs must fall within —50% to 100% of the
relative intensities of these ions in a reference mass spec-
trum.

When a compound has been identified, quantitation of that compound

will be based on the integrated abundance from the EICP of the primary charac-

teristic ion. In general, the primary characteristic ion selected should be a
relatively intense ion, as interference—free as possible, and as close as pos-
sible in mass to the characteristic ion of the internal standard used. Gener-
ally, the base peak of the mass spectrum is used.

Internal standards will be employed during analysis of all samples

and during all calibration procedures. The analyst will select one or more
internal standards that are similar in analytical behavior to the compounds of

)
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interest. The axialyst will further demonstrate that the measurement of the
internal standard is not affected by method or matrix interferences. Because
of these limitations, no internal standard can be suggested that is applicable
to all samples. Hovever, for general use, bromochloromethane, 1,4—difluoro—
benzeue, and d5_ch1orobeens are used as internal standards covering a wide
boiling point range.

4—Bromofluorobenzene (BFB) will be added to the surrogate standard
solution to pernit the mass spectrometer tuning for each CC/MS run to be
checked. Surrogate standards will be added to samples and calibration solu-
tions to assess the effect of the sample matrix on recovery efficiency. The
compounds employed for this purpose will be d8—toluene, p—bromofluorobenzene,
and d4—j, 2—dichioroethane.

EPA Method 8270/625 — CC/MS for Semi—Volatile Organics

Semi—volatile extractable organics in solid samples will be deter-
mined using EPA Method 8270 as modified for CLP use (EPA Method 625 in water
samples). This is a capillary column gas chromatographic/mass spectrometric
(GC/MS) procedure. Th. method is applicable to náarly all types of samples.
regardless of water content, as long as the samples can be volatilized without
decomposition. EPA Method 8270 can be used to quantitate most neutral,
acidic, and basic organic compounds that are soluble in methylen. chloride and
capable of being eluted without derivatization as sharp peaks from a gas
chromatographic—fused silica capillary column coated with a slightly polar
silicone. Such compounds include p olynuclear aromatic hydrocarbons,
chlorinated hydrocarbons and pesticides, phthalate esters, organophosphate
esters, nitrosamines, haloethers, aldehydes • ethers• ketones anilines,
pyridines • quinolines, aromatic nitro compounds, and phenols • including
nitrophenols. The detection limit of EPA Method 8270 for determining an
individual compound is apprn4mtely 1 ug/g (wet weight). Por samples that
contain more than 1 mg/g of total solvent extractable material, the detection
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limit is proportionately higher. Prior to using this method, solid samples
must be prepared- for chromatography using the appropriate sample preparation
method — i.e., sonication (EPA Method 3550). or Soxhiet extraction (EPA
Method 3540). Qualitative identification and quantitative determination of
the species of interest are performed in the mRrr1pr described for EPA Method
8240.

1.8.5 Or!anic Analyses by GC

EPA Method 601 — Halogenated Volatile Organics

Halogenated volatile organics in solid samples will be determined
using EPA Method 601. This is a packed—column gas chromatographic method for
detection of the species listed in the footnotes for Table 2—2. Samples are
typically extracted using the purge—and—trap method (EPA Method 5030).
Separation for the species of interest is accomplished by operating the GC in
temperature—programmed mode. Detection is achieved using a halide—specific•

7 detector (i.e., an electrolytic conductivity detector).

EPA Method 8020 — Purgeable Aronzatics

Aromatic volatile organics in samples will be determined using EPA
Method 8020. This is a packed—column chromatographic technique utilizing a
photoionization detector (PID). Samples may be analyzed using direct injec-
tion or purge—and—trap (Method 5030). Water samples must be analyzed using
Method 5030. Separation for the species listed in footnotes for Table 2—2 is
accomplished by operating the GC in temperature—programmed mode.

EPA Method 8080/608 — Organochiorine Pesticides and Pa

Method 8080/608 is used to determine the concentration of various
organochiorine pesticides and polychlorinated biphenyls (Ps' s). The
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footnotes for Table 2-2 indicate the compounds which may be determined. The
method provides gas chromatographic conditions using either Electron Capture
(ECD) or Halogen Specific (HSD) detectors. Appropriate extraction and/or

dilution procedures must be used prior to sample injection. The sensitivity

of Method 8080 usually depends on the level of interferences. Cleanup of

samples may be necessary using Methods 3620 (Florisil Cleanup) or Method 3660

(Sulfur Cleanup).

EPA Method 604 - Phenols

Method 604 is a flame ionization detector gas chromatographic

(FIDGC) method for determination of phenol and certain substituted phenols. A

measured volume of sample, approximately one liter, is acidified and extracted

with methylene chloride. The methylene chloride extract is dried and

exchanged to a 2-propanol during concentration to a volume of 10 mL or less.

The extract is separated by gas chromatography and the phenols are then

)
measured with an FID.

EPA Method 8150/SM 509E - Chlorinated Phenoxy Herbicides

Method 8150/5M509B provides extraction, esterification, and gas

chromatographic conditions for the analysis of chlorinated acid herbicides.

Spiked samples are used to verify the applicability of the chosen extraction

technique to each new sample type. The esters are hydrolyzed with potassium

hydroxide, and extraneous organic material is removed by a solvent wash. Af-

ter acidification1 the acids are extracted with solvent and converted to their

methyl esters using diazoinethane as the derivatizing agent. After excess re-

agent is removed, the esters are determined by gas chromatography employing an

electron capture detector, microcoulometric detector, or electrolytic conduc-

tivity detector. The results are reported as the acid equivalents. The

footnotes for Table 2-2 present the compounds which may be determined.

)
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1.8.6 Other Water Parameters

EPA Method 150.1 — pH

The pH of water samples will be measured in the field potentio—

metrically using a standard pH meter. The pH meter will be routinely cali-

brated at three points using buffered standards.

EPA Method 120.1 — Specific Conductance

The specific conductance of water samples will be determined in the
field using a conductivity meter. The conductivity meter will be routinely

calibrated against a standard solution.

EPA Method 170.1 — Temperature

Tnperature will be measured for selected water samples according to
EPA Method 170.1 using of a factory calibrated, mercury filled thermometer.

Standard Method 403 — Alkalinity

Alkalinity of a substance is expressed as its ability to neutralize
acid. It is cmonly referred as the s of its ritratable bases and is ex-
pressed in units of pH equivalenc, at the reaction end point. Determinations
will be made in the field according to indicator color change (phenolthalein.
metacresol purple, or bromcreaol green), or potentiometric titration. Methods
ass*e incompatibility of hydroxide and bicarbonate alkalinities and therefore
no definitive results can be obtained for specific contaminants with this
method.
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Standard Method 429 - Common Anions

Determination of common anions is performed to characterize a spe-
cific water type, and is accomplished by several techniques. Samples are col-
lected and stored in polyethylene bottles and filtered prior to analysis. A

selective ion electrode is used to determine fluoride; colorimetry is used for

determining nitrate, phosphate, and chloride; and the turbidimetric method is

used for sulfate.

EPA Method 160.1 - Total Dissolved Solids

Total dissolved solids are determined by thoroughly mixing the solu-

tion sample, passing the solution through a standard glass fiber filter, and

then evaporating the filtrate to isolate the residue. The residue is dried at

•a constant temperature of 180°C until mass stabilization indicates that the

residue is dry. Residue mass is then comparable to volume of solvent.
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1.9 Data Reduction, Validation, and Reporting

Figure 1.9—1 presents the overall data reduction, validation, re-

view, and reporting flow scheme for this project. In most cases, calculations
from raw data are included in discussions of analytical procedures presented
in the EPA methods. These data reduction and validation procedures will not
be repeated here. Details of data reduction, validation, and reporting not
addressed elsewhere are discussed in this section.

1.9.1 Data Reduction

Data reduction calculations used for this progr are typically in-
cluded on the standard reporting forms associated with each type of sample.
Calculations not covered on the standard reporting forms include computer—
based data reduction programs. Each laboratory is responsible for maintaining
a listing of these data reduction progrems and for being able to demonstrate
their validity. The complete calculation procedures used in computer—based
data reduction progrs (i.e., GC/MS and ICP analyses) are based on the calcu-
lation procedures specified in each method and will not be covered here.

1.9.2 Data Validation

All laboratory generated analytical data will be tranit ted from
the laboratories via 9—track magnetic tape. Phone line data dumps will be
used for minor corrections reques ted from the laboratories, and these changes
will either be stored on files appended to the original tape, or on a separate
tape, with attending documentation and validation checks so entered into the
master log. Validation procedures will be performed on the downloaded data
prior to entry into the database. The database will reside on a Sun computer
running the 1PRESS database management system. Original tapes will receive
write—protect rings at the laboratory, or prior to downloading. After down-
loading and validation, the original tapes will be labelled, logged into the
master log, and filed in a security area with restricted access. Entry into

)
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Figure 1.9—1. Data Reporting Scheme
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the database will be accomplished programmatically. Reports will then be is-

sued to the appropriate project staff. Daily backups of the database will be

maintained by the data management group • Data will be maintained in this
fashion and will be available for downloading into flat files for tranamission
to Air Force database systems when Radian Corporation receives official noti—
fication of proper specifications from designated data management entities
within the Air Force.

All real—time measurament data will be reported on preformatted data
collection forms. The reported data will be verified by the Supervising
Geologist for completeness, logged into the master log, and turned over to
Quality Control. After review by Quality Control (see Section 1.9.3). the
data are turned back to data management where they will be copied and filed in
secure files with restricted access. Copies will be distributed to
appropriate project staff and data entry personnel. After data are entered in
the D!PBESS database, validation will be performed by data management
personnel. Database review will always be conducted by a person other than
whom entered the data originally. Changes to the original data will be made
on copies indicating the nature of the change, reason for the change, and
person requesting the change. This information will be filed with the
original documents. Data management personnel will receive copies of the
changes and male the appropriate changes to the database.

Additional validation will be performed by the Supervising Geologist
reviewing copies of th. original documents and through various applications
(reports, maps, etc.) of the database. Errors will be documented and reported
to data management personnel for correction.

1.9.3 Data Quality Review

Quality Control will review all measurament data for representative
conditions during sampling or testing, acceptable sample collection testing
procedures, consistency with expected and/or other results, adherence to
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prescribed QC procedures, and the specific acceptance criteria outlined in

Section 1.7 for calibration procedures and Section 1.10 for internal quality
control procedures. Any suspect data will, be flagged in the database and

identified with respect to the nature of the validity problem.

Several of the data validation acceptance criteria presented in Sec-

tions 1.7 and 1.10 involve specific calculations. Representative examples of
these are presented below.

Instrument Response Linearity

Acceptance criteria for instrument response linearity checks are
based upon the correlation coefficient. r, of the best fit line for the cali-
bration data points. The correlation coefficient reflects the linearity of
response to the calibration gas mixtures and is calculated as:

n(xy) - (x)Cy)

1/ (n(x2) — (x)2] (n(y2) — (y)2]

where, x = calibration concentrations

y = instrument response (peak area)

n = number of calibration points (x,y data pairs)

Precision

Control limits for control sample analyses, acceptability limits for
replicate analyses, and response factor agreement criteria specified in Sac-'
tions 1.7 and 1.10 are based upon precision, in terms of the coefficient of

I
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variation (CV), i.e.. the relative standard deviation or relative percent dif-
ference (RPD). The standard deviation of a sample set is calculated as:

S = standard deviation =

where, x = individual measurement

i = mean value for the individual measurents
n = number of measurements

The CV a then calculated as:

CV = (S/x) x 100%

Pooled or "average" measurements of CVare calculated as:

Pooled CV =

where, df = degrees of freedom.
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The relative percent difference (RPD) calculation allows for the
comparison of two analysis values in terms of precision with no estimate of
accuracy. Relative percent difference is calculated as:

M-m
RPD xlOO%

(M+m)/2

where, M = first measurement value
m = second measurent value

Accuracy

The accuracy of data l.a typically summarized in terms of relative

error (RE). This calculation reflects the degree to which the measured value
agrees with the actual value, in terms of percent of the actual value. Rela-
tive error is calculated as:

Measured Value - Actual Value
Z Relative Error = x 100Z

Actual Value

This way of expressing accuracy allows for a comparison of accuracy at differ-
ent levels (e.g.. different concentrations), and for different parameters of
the same type (e.g., different compounds analyzed by the same method). Con-
trol sample analyses are typically evaluated using this calculation. Relative
error (RE) and relative percent difference (RPD) appear very similar at a
glance, but they are not the same and should not be confused. The information
that each calculation conveys is very specific about the data being compared.

In this program, another calculation is frequently used to assess
the accuracy of a procedure. Percent recovery is a calculation used to deter-
mine the performance of many of the quality control checks. Percent recovery
is calculated as:
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Measured Value
% Recovery = x l00

Actual Value

Another similar calculation used to determine the performance of a
method for recovery of a spike concentration added to a sample is the % spike
recovery calculation. The Z spike recovery is determined as:

Value of Sample Value of
Plus Spike — Unspiked Sample! Spike Recovery = x 100

(Value of Spike Added)

1.9.4 Reporting

The Project Director will coordinate the preparation of all formal

reports for this program with input fr the Supervising Geologist. QA
Coordinator, and other project team members. The report will include a

stmary and discussion of the results of QC procedures and QA activities per—
formed as part of the investigation.

In addition, the QC Coordinator will prepare reports to the QA
Coordinator which will summarize QC results for all project activities. These

reports will also document any quality control problems and the actions taken

to correct them.

)
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1.10 Internal Quality Control

An internal quality control system is a set of routine internal
procedures for assuring that the data output of a measurement system meets

prescribed criteria for data quality. Inherent and implied in this control

function is a parallel function of measuring and defining the quality of the

data output. A well—designed internal QC program must be capable of con-

trolling and measuring the quality of the data, in terms of precision and

accuracy. Precision reflects the influence of the inherent variability in

any measurement system. Accuracy reflects the degree to which the measured

value represents the actual or "true" value for a given parameter, and

includes elements of both bias and precision. Accuracy of measurement data

is related to the precision and bias of the component parts of the measure-

ment system.

Generally, internal quality cotro1 procedures may be divided into
two overlapping categories. One category includes those procedures which
are used to control data quality within prescribed limits of acceptability.
These acceptability limits are usually related to data precision, accuracy,
and completeness. The other category includes those procedures designed to
provide a quantitative assessment of data quality, again in terms of preci-
sion, accuracy, and completeness. Some internal QC procedures, by their
nature, serve both control and asaessment functions.

This section addresses QC procedures associated with analytical
efforts. Included are general quality control considerations as well as

specific quality control checks which provide ongoing control and assessment
of data quality, in terms of precision and accuracy. Quality control checks
which provide the basis for quantitative control and assessment of data
quality, along with required frequency, acceptance criteria, and corrective
action are smarized in Table 1.10—1. A brief discussion of sampling QC to
be used for the Carawell APB Stage 2 work is presented below.
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• One (1) ambient conditions blank per VOC sampling round

(water) will, be collected at a particular site or zone.

Ambient conditions blanks consiSt of Type II Reagent Water

poured into a sample container at the site, handled like a
sample, and transported to the laboratory for analysis.

• One (1) set of equipment blanks will be collected for every
day of groundwater sampling (all parameters analyzed). Type
II Reagent water is poured into the sampling device (or
pumped through it in the case of sampling pumps), transferred
to the sample bottle, and then transported to the laboratory
for analysis.

• Ten (10) percent field duplicates will be collected (all
parameters analyzed) for water samples. Two samples will be
collected independently it a sampling location during a
single act of sampling. Field duplicates shall be
indistinguishable from other analytical samples so that
personnel performing the analyses are not able to determine
which samples are duplicates.

• Ten (10) percent field replicates will be collected (all
parameters analyzed) for soil/sediment samples. A single
sample (e.g., one bailer volume, one grab sample) is col-
lected, then divided into two equal parts for the purpose of
analysis. Field replicates shall be indistinguishable from
other analytical samples so that personnel performing the
analyses are not able to determine which samples are
duplicates.

In addition to these sampling QC requirements, additional QC

procedures will be performed as part of the analytical methods. These are
discussed below.
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1.10.1 Laboratory QC

Methods 509B/8150, 601, 604, 608/8080, 8020, 8140 (CC)

Analytical quality control procedures for GC analyses are

described generally in Method 8000 of SW—846, 3rd ed. (and equivalent
methods in the 600 and 500 series EPA Methods) and include the following:

• Initial demonstration of capability;

• Calibration verification;

• Analysis of surrogate spiked samples;

• Method blank analyses;

• Analysis of matrix spike/matrix spike duplicates;

• Retention time window checks; and

• Analysis of QC check samples.

These procedures are described below.

Initial Demonstration of Capability—Before analyzing samples by a
method, the laboratory iat demonstrate the ability to generate acceptable
accuracy and precision. This is done by analyzing four aliquots of a QC
check sample (QCCS) by the same procedure used to analyze samples. The
laboratory should calculate the average recovery and the standard deviation
of the recovery f or each anaiyte of interest using the four results. The
mean recovery and standard deviation for each analyte should be compared
with the corresponding acceptance criteria published in the SW—846 method.
If the experimental accuracy and precision data are acceptable, analyses may
proceed; if not, remedial action ist be taken to improve system
performance.

QC Check Sample Analyses—QC check samples may be obtained from
EPA or prepared from suitable reference materials, but must be prepared
independently of calibration standards. The QCCS should contain the
analyte Cs) of interest at a concentration in the mid—calibration range.
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Measured values should be plotted on a QC control chart. A QCCS must be

analyzed if matrix spike recoveries are unacceptable to verify that the
analytical system is in a state of control.

Method Blank Analyses—Before processing any samples, the analyst
should demonstrate through the analysis of a reagent water method blank that
all, glassware and reagents are interference—free. Each time a set of
samples is extracted or there is a change in reagents, a method blank should
be processed as a safeguard against chronic laboratory contamination. The
blank samples should be carried through all stages of the sample preparation
and measurement steps.

Matrix Spike/Matrix Spike Duplicate—For each analytical batch or
matrix type (5 percent minimum frequency), matrix spike and matrix spike
duplicate samples should be analyzed. The laboratory should maintain
control charts (using two standard deviation control limits) of MS/MSD

results, in terms of percent recovery of the spike and relative percent
difference between duplicates. When matrix spike results fall outside the
laboratory established limits, or outsid. limits published in the respective
methods, a QCCS uast be analyzed to demonstrate analytical control. If

spike recoveries are outside normal limits due to matrix problems, the data
should be flagged.

Surrogate Spikes—A surrogate standard is a chemically inert
compound not expected to occur in an errvirorni,tal sample. The use of
surrogate compounds may be project dependent, and limited by the ability to
select a suitable surrogate for a particular paramater class. The labor-
atory must establish control limits (as the mean recovery +three standard
deviations) for each surrogate compound after thirty samples of the same
matrix have been analyzed. These control limits should be revised at least
annually. If the surrogate spike recovery in any sample is not within
limits:
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• Check for errors in calculations, surrogate solutions and
standards. Check instrument performance.

• Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

• Reextract and reanalyze the sample if none of the above are a
problem, or flag the data as "estimated concentration".

Retention Time Windows—The laboratory will calculate retention
time windows for each standard on each CC column and whenever a new CC

column is installed. To establish windows, make three injections of all
single component standard mixtures and multiresponse products (e.g.. PCBs)

throughout the course of a 72—hr period. Calculate the standard deviation

of the three absolute retention times for each single component standard.

For multiresponse products, choose one major -peak from the envelope. If the

standard deviation for a particular standard is zero, substitute the
standard deviation of a close ei.uting. similar compound to develop a valid
retention time window.

The laboratory will establish daily retention time windows for
each analyte. Use the absolute retention time for each daily calibration
standard as the midpoint of the window for that day. The daily retention
time window equals the midpoint + three times the standard deviation
determined above. All succeeding standard in an analysis sequence must fall

within th, daily retention time window established by the first standard of

the sequence.
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Methods 625, 8240. and 8270 (GC/MS)

Analytical quality control procedures for GC/MS analyses (Methods
8240 and 8270) are described in SW—846, 3rd ed. and include:

• Initial demonstration of capability;
• Calibration verification;
• Surrogate standard spike samples;
• Method blank analyses;
• Analysis of field blanks;
• Matrix spike duplicate analyses;

• Analysis of duplicate samples;

• Mass spectrometer sensitivity check; and

• Daily GC/MS performance tests.

Each of these is described below.

Initial Demonstration of Capability—Before anajyzing samples by a

method, the laboratory xst demonstrate the ability to generate acceptable
accuracy and precision. This is done by analyzing four aliquots of a QC
check sample (QCCS) by the same procedure used to analyze samples. The
laboratory should calculate the average recovery and the standard deviation
of the recovery for each analyte of interest using the four results. The

mean recovery and standard deviation for each analyte should be compared
with the corresponding acceptance criteria published in the SW—846 method.

If the experimental accuracy and precision data are acceptable, analyses may
proceed; if not, remedial action ist be taken to improve system
performance.

QC Check Sample Analyses—QC check samples may be obtained from
EPA or prepared from suitable reference materials, but ist be prepared
independently of calibration standards. The QCCS should contain the
analyte(s) of interest at a concentration in the mid—calibration range.
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Measured values should be plotted on a QC control chart. A QCCS must be

analyzed if matrix spike recoveries are unacceptable to verify that the
analytical system is in a state of control.

Calibration Verification—Instrument tuning and calibration pro-

cedures are described in Section 1.7.

Surrogate Standard Spike Samples—All samples will be spiked with

a surrogate standards as described in SW—846. The spiking level used should

be that which Will give an amount in the purge apparatus that is equal to 50

ug/kg of the sample. If the recovery for any surrogate standard does not
fall within the control limits for method performance, the sample will be
reanalyzed. If the surrogate recovery fails twice, the results reported for
•that sample must be qualified as being outside of control limits. The
laboratory mist monitor the frequency of data so qualified to ensure that it
remains at or below 5%. Three surrogate standards, 4—bromofluorobenzene,
1,2—dichloroethane d4, and toluene d8, are used to monitor recovery of
volatile compounds varying in volatility and polarity. Three base/neutral—
nitrobenzene—d5, 2—fluorobiphenyl, and p—terphenyl—d14—and three acid—

phenol—d5, 2—fluorophenol, and 2,4, 6—tribromophenol——extractable surrogate
compounds are used to monitor recovery of semivolatile organics.

• Method Blank Analyses—A method (reagent) blank should be analyzed
every 12 hours to demonstrate that analytical system interferences are below
acceptable limits. Surrogate recoveries for the blank must meet the
requirements established in S—846 before analyses can continue.

Matrix Spike/Matrix Spike Duplicate Analyses (MS/MSD)—A minimum
of 5% of the samples wi].l be split and spiked with target analytes. When-
ever possible, samples which were collected in duplicate should be chosen
for MS/MSD analyses. This sample will be split in the laboratory and each
fraction will be carried through all, of the stages of sample preparation and
analysis. If spike recoveries do not meet the acceptance criteria published

) in 5W—846 for Methods 8240 and 8270, a QC check sample must be analyzed to
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verify that the analytical system is in control. If the QCCS recovery is
acceptable, qualify the sample results as suspect due to matrix problems.
If the matrix spike duplicates do not meet the precision limits published in
the methods, evaluate the system for the source of the imprecision.

Mass Spectrometer Sensitivity Check—If the extracted ion current

profile (EICP) ares for any internal standard changes by more than a factor
of two (—30% — +100%), the mass spectrometer st be inspected for mal-
functions and correction action taken. Samples analyzed while the system
was malfunctioning .tst be reanalyzed.

Daily CC/MS Performance Tests—Each day that analyses are
performed, the CC/MS system will be checked using bromofluorobenzene (BFB)
or decafluorotriphenyiphosphine (DFrPP). The acceptance criteria presented

in Table 2 of Methods 8240 and 8270 st be met prior to performing any

analyses. If all criteria are not met, the instrument will be returned and

the test repeated until all criteria are achieved.

Metals Analyses by ICPES and Atomic Absorption

• The quality control procedures associated with metals analyses are

described in SW—846 Method 6010 (EPA Method 200.7) for ICPES and Method 7000

(EPA Methods 206.2, 270.2. 245.1, 239.1) series for atomic absorption, and

include:

• Calibration verification;

• Analysis of QC check samples;

• Calibration blank analyses;
• Reagent blank analyses;
• Analysis of matrix spike/matrix spike duplicates;
• Instrint check standard analyses; and

• Interference blank analyses.

These procedures are described below.
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Calibration—Calibration procedures are described in Section 17.

QC Check Sample Analyses—Immediatei.y after calibration, a quality

control check sample (QCCS) containing all elements of interest will be
analyzed. The results will be calculated prior to analyzing any other
samples. If the measured value differs from the theoretical value for any

parameter by more than +10%, these parameters will be restandardized. The
QC standard will be prepared from a stock standard solution which is
different than that from which the calibration standards were prepared.

Alternatively, it may be purchased from a commercial source. The QCCS

should be prepared in the sa acid matrix as the calibration standards at
10 times the instrumental detection limit or in the mid—calibration range.

Measured values should be plotted on a QC control chart. To ensure the

continuity of QC control charts, the same QC standard should be used

throughout the project.

After every 10 samples, the QC standard will be reanalyzed. If
the measured value differs from the theoretical value by more than for
ICPES, or +20, percent for AAS, recalibrate the instrument.

Calibration Blank (ICP!S)—At a frequency of 10 percent, a cali-
bration blank will be analyzed during sample analyses. As specified in
Method 6010, this standard is prepared by diluting 2 mL of (1+1)HNO3 and 10
mL of (1+l)HC1 to 100 eL DI R20. If response to this standard is verified

to be outside three standard deviations of the mean calibration blank value,
then correct the problem, recalibrate, and reanalyze the previous ten

samples.

Reagent Blank—A reagent blank, containing all the reagents and in
the same volumes as used in the processing of tIie samples • and carried

through the complete preparation/analysis procedure, should be analyzed at a
m4"4'um frequency of 5 percent, or one per sample batch. Reagent blank
results should be used to correct for possible contamination resulting from

) varying amomts of the acids used in processing samples.
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Matrix Spike/Matrix Spike Duplicate—For each analytical batch or
matrix type (5 percent minimum frequency), matrix spike and matrix spike
duplicate samples should be analyzed. Matrix spike results should fall
within 75—123 percent recovezy of the spike. If the spike is not recovered

within the specified limits, the data should be flagged as suspect due to

matrix effects. Depending on the project, provisions should be established

to use standard—addition analysis procedures to compensate for matrix
effects.

Duplicate spiked sample results should agree within 20 percent

RPD. If they do not, evaluate the system for the source of the imprecision,

and correct the problem.

Instrument Check Standard (ICPES)—The instrument check standard

is composed of compatible elements at a concentration equivalent to the

midpoint of their respective calibration curves. This standard will be
analyzed at a frequencyof 10% of the samples. If response to any parameter
is verified to be outside +5% of the true value, the instrument must be

recalibrated before sample analj-sis continues.

Interference Check Standard (ICPES)—The interference check
standard will be analyzed at the beginning, end, and at intervals during
analysis of a batch of samples. This standard contains the analytes of
interest at minimal concentrations by known concentration of interfering

elements. If results exceed 1.5 times the standard deviation of the mean
analysis value for this standard, instrument recalibration must be performed
before sample analysis may proceed.
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Fluoride Analyses

Fluoride analyses will be performed according to EPA Method 340.2.

Quality control procedures include:

• Multipoint calibration;
• Method blank analyses;
• Analyses of QC check samples;
• Duplicate analyses; and

• Analyses of matrix spiked samples.

Calibration—Calibration procedures are described in Section 1.7.
The method specifies a daily multipoint calibration, followed by periodic

verification.

Method Blank Analyses—A minimum of one reagent blank per sample
batch (minimum 10 percent) will be analyzed to determine if contamination or
memory effects have occurred.

QC Check Sample Analyses—A QC check sample, prepared inde-

pendently of calibration standards, should be analyzed every 10 samples.
Recovery should be within +10 percent of the expected value.

Duplicate Analyses—A duplicate analysis or matrix spike duplicate
analysis should be run every 10 samples. The duplicate run should include
the whole sample—preparation and analytical process. Precision should be
within 10 percent RPD.

Matrix Spike Analyses—For each batch or matrix type (minimum 10
percent), an aliquot of sample should be spiked and analyzed. Recovery of
the spike should be within 10 percent of the amount added.
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Titrimetric Determination of Chloride

Titrimetric determination of chloride will be performed according
to EPA Method 325.3 or SW—846 Method 9252. Quality control procedures
include the following:

• Titrant standardization;

• QC check sample analyses;

• Method blank analyses;
• Duplicate analyses; and

• Matrix spike analyses.

Titrant Standardization—The mercuric chloride titrant is

standardized daily against primary standard sodium chloride.

QC Check Sample Analyses—A chloride QC check standard is analyzed

every 15 samples. Recovery within 90—110 percent of the expected value is
required for analyses to proceed.

Method Blank Analyses—A blank sample is analyzed with every batch
of routine samples (maximum 20) to assess memory effects.

Duplicate Analyses—A duplicate analysis (or matrix spike dupli-
cate) is analyzed every 20 samples. The duplicate analysis should include
all sample preparation steps. Precision should be within 15 percent RPD, or
a third value should be obtained and the data flagged.

Matrix Spike Analyses—For each batch of samples of a matrix type
(20 maximum)1 an aliquot of sample will be spiked and analyzed. Recovery of
the spike should be within 20 percent of the expected value; if not, the
data will be flagged.
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Turbidimetric Determination of Sulfate

Turbiditrjc determination of sulfate will be performed according
to EPA Method 375.4 or SW—846 Method 9038. Quality control procedures
include the following:

• Multipoint calibration;

• QC check sample analyses;
• Method blank analyses;
• Duplicate analyses; and
• Matrix spike analyses.

Multipoint Calibration—A multipoint calibration curve will be
prepared daily, as described in Section 1.7.

QC Check Sample Analyses—A sulfate QC check standard is analyzed

every 10 samples. Recovery within 90—110 percent of the expected value is
required for analyses to proceed.

Method Blank Analyses—A blank sample is analyzed with every batch
of routine samples (maximi 20) to assess mamory effects.

Duplicate Analyses—A duplicate analysis (or matrix spike dupli-
cate) is analyzed every 20 samples. The duplicate analysis should include
all sample preparation steps. Precision should be within 15 percent RPD, or
a third value should be obtained and the data flagged.

Matrix Spike Analyses—For each batch of samples of a matrix type
(20 maximimi), an aliquot of sample will be spiked and analyzed. Recovery of
the spike should be within 20 percent of thø expected value: if not, the
data will be flagged.

)
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1.11 Performance and Systems Audits

A quality assurance (QA) audit is an independent assessment of a

measurement system. It typically includes performance evaluation using appa-

ratus and/or standards that are different from those used in the measurement

system. It also may include an evaluation of the potential of the system to

produce data of adequate quality to satisfy the objectives of the measurement

efforts. The independent, objective nature of the audit requires that the

auditor be functionally independent of the sampling/analytical team.

Quality assurance audits play an important role in Radian's overall

QA/QC program. This section describes the role of the QA auditor and the ma-

ture of both performance and systems audits.

The QA auditor is the person who designs and/or performs QA perform-

ance and systems audits. Since QA audits represent, by definition, indepen-

dent assessments of a measurement system and associated data quality, the au-

ditor must be functionally independent of the measurement effort to ensure

objectivity. However, the auditor must be familiar enough with the objec-

tives, principles, and procedures of the measurement efforts to be able to

perform a thorough and effective evaluation of the measurement system. Espe-

cially important is the ability to identify components of the system which are

critical to overall data quality, so that the audit focuses heavily upon these

elements. The auditor's technical background and experience should also pro-

vide a basis for appropriate audit standard selection, audit design, and data

interpretation.

1.11.1 Audit Aroach

At least once per quarter during this project, a QA auditor will be

on site for two or three days to perform independent performance and systems

audits. If possible, the QA audits will be conducted during the first weeks

of each sampling program. The function of the field QA auditor will be to:

)
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• Observe procedures and techniques in use in the various mea-

surement efforts, including field sampling and analysis,

• Check and verify instrument calibration records,

• Assess the effectiveness of and adherence to the prescribed QC

procedures,

• Review document control and chain-of-custody procedures,

• Submit audit samples of comparable composition as those being

tested for analysis,

• Review the malfunction reporting procedures,

• Identify and correct any weaknesses in the sampling/analytical

approach and techniques,

• Assess the overall data quality of the various sampling! ana-

lytical systems, and

• Challenge the various measurement systems with certified audit

standards.

Generally, the role of the auditor is to observe and document the
overall performance of each of the various sampling and analytical efforts

(systems audits). Audit standards and test equipment which are traceable to

acceptable reference standards are used to assess the performance of each ana-

lytical method and/or measurement device (performance audit). Eased on the

audit results, the auditor may, as necessary, initiate corrective action at

the project level through the Program Manager or Project Director.

)
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Upon completion of performance and systems audits, the auditor will
discuss any specific weaknesses with the field team leader and make recommen-
dations for corrective action. An audit report will subsequently be prepared
and distributed to the task leaders and the Project Director. This report
will outline the audit approach and present a summary of results and recommen-
dations.

On a monthly basis, one or more of the laboratories conducting ana-
lytical work for this program will be given representative performance audit
samples. Results for these audit samples will be tabulated and reported as
they become available. The audit samples will be used to evaluate the analyt-
ical performance and data reporting protocols for each laboratory.

1.11.2 Systems Audit

A systems audit is an on—site qualitative review of the various as-
pects of a total sampling and/or analytical system to assess its overall ef-
fectiveness. It represents an objective evaluation of a set of interactive.
systems with respect to strengths, weaknesses, and potential problem areas.
The audit provides an evaluation of the adequacy of the overall measurement
system(s) to provide data of knwn quality which are sufficient, in terms of
quantity and quality, to meet the progr objectives.

The systems audit will consist of observations and documentation of
all aspects of the on-site sampling and analytical activities. Checklists
which delineate the critical aspects of each methodology will be used by the
Radian auditor during th. audit and will serve to document all observations.
An rample systems audit checklist is illustrated in Figure 1.11—1. In addi-
tion to evaluating sampling and analytical procedures and techniques, the sys—
tems audit will emphasize review of all record keeping and data handling sys-
tems including:
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Figure 1.11—1. Example Systems Audit Checklist
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• Calibration documentation for analytical instrumentation and
sampling apparatus,

• Documentation of quality control data (control charts, etc.),

• Completeness of data forms and notebooks,

• Data review and validation procedures,

• Data storage and filing procedures,

• Sample logging procedures,

• Chain of custody procedures,

• Documentation of field maintenance activities, and

• Review of malfunction reporting procedures.

1.11.3 Performance Audit

Radian will conduct monthly performance audits. The performance

audits will be designed to provid a quantitative, point-in-time evaluation of

the data quality of the sampling and analytical systems being tested. This

will be accomplished by addressing specific component parts of the overall

system. Each performance audit will address the two general measurement cate-

gories of this project:

• Chemical analysis of samples, and

• Physical measurements supporting the sampling effort.
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Audit activities vii]. consist of challenging the various measurement

systems with standards and test equipment traceable to accepted reference

standards.
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1.12. Preventative Maintenance

The primary objective of a preventative maintenance program is to

help ensure the timely and effective completion of a measurement effort.

Radian's preventative maintenance program is designed to minimize the down

time of crucial sampling and/or analytical equipment due to expected or unex-

pected component failure. In implementing this program1 efforts are focused

in three primary areas:

• Establishment of maintenance responsibilities;

• Establishment of maintenance schedules for major and/or criti-

cal instrumentation and apparatus; and

• Establishment of an adequate inventory of critical spare parts

and equipment.

Each of these efforts are discussed in the following sections.

1.12.1 Maintenance Resoonsibilities

Equipment and apparatus used in Radian's environmental measurement

programs fall into two general categories:

• Equipment which is permanently assigned to a specific labora-

tory (e.g.. CC Laboratory, Industrial Hygiene Laboratory, CC/MS

Laboratory, etc.); and

• Equipment which is available for field or laboratory use on an

as-needed basis (e.g., field sampling equipment, mobile labora-

tories, etc.).
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Maintenance responsibilities for permanently assigned equipment are

assigned to the respective laboratory managers. The laboratory managers then
establish maintenance procedures and schedules for each major equipment item.

Specific responsibilities for specific items may be delegated to laboratory

personnel, although the laboratory managers retain responsibility for ensuring

adherence to prescribed protocol.

Maintenance responsibilities for non-assigned equipment: are coordi-

nated through the Physical Chemistry Division. Equipment 'in this category

includes source sampling equipment, real-time emissions monitoring instrumen-

tation, and mobile laboratories and associated instrumentation. All equipment

in this category is available for project-specific measurement efforts on an

as-needed basis. This use schedule requires three related maintenance ef-

forts:

• Ensuring that available equipment is functional and ready for

use;

• Maintenance during use; and

• Check-out and servicing after use.

Two instrument technicians in the Physical Chemistry Division have,

as their primary duty, responsibility for ensuring that available equipment

and instrumentation are ready for usa and that returned equipment is checked
out, serviced, and returned to available inventory in a timely manner. Main-
tenance during use is th. responsibility of the project team using the equip-
ment. A status tag used for non-assigned equipment is shown in Figure 1.12-1.

Figure 1.12-2 is an example of an equipment inventory control form.

)
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RADIAN
PHYSiCAL CHEMISTRY

INSTRUMENT

MODEl. SIN

DATE TECHNIC1AN

coNomoN
O OPERATIONAL LAST CAL. DATE

o
o BROKEN BY

COMMENTS

Figure 1.12—1. Equipment Status Tag
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D..ignation Source

Instr.nt S02 Analyzer

l'bd.l Thero—El.ctron SerIs! 40

S/N SDM—10269—115

Condition Operational.

Valus (sat.)

Us. (year) 33—L/3

Maintenance
Labor

Maintenance
Supplies

Spars Parts: 5A fuss
p diaphran

$100.00
optical. filters

Figure 1.12—2. Equipment Inventory Control Form
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1.12.2 Maintenance Schedules

The effectiveness of any maintenance program depends to a large ex-

tent on adherence to specific maintenance schedules for each major equipment

item. A specific schedule is established for all routine maintenance activi-

ties. Other maintenance activities may also be identified as requiring atten-

tion on an as-needed basis. Manufacturers' recommendations provide the prima-

ry basis for the established maintenance schedules, and manufacturers' service

contracts provide primary maintenance for many major instruments (e.g., CC/MS

instruments, atomic absorption spectrometers, analytical balances, etc.).

Maintenance activities are documented in a maintenance log which indicates the

required frequency for each procedure and provides for dated entries. An ex-

ample of the format used is shown in Figure 1.12-3.

1.12.3 Stare Parts

Along with a schedule for maintenance activities, an adequate inven-

tory of spare parts is required to minimize equipment down time. This inven-

tory should emphasize those parts (and supplies) which:

• Are subject to frequent failure;

• Have limited useful lifetimes; or

• Cannot be obtained in a timely manner should failure occur.

Field sampling task leaders and the respective laboratory managers
will be responsible for maintaining an adequate inventory of necessary spare
parts. In addition to spare parts and supplies inventories, Radian's
non-assigned equipment represents an extensive in-house source of back-up
equipment and instrumentation.
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1.13 Assessment Of Precision. Accuracy, and Comoleteriess

The performance audits and QC analyses conducted during this project

are designed to provide a quantitative assessment of the measurement data.

These assessments will provide the basis for comparisons of measured emissions

to results for the predictive models. The two aspects of data quality which

are of primary concern are precision and accuracy. Accuracy reflects the

degree to which the measured value represents the actual or "true" value for a

given parameter, and includes elements of both bias and precision. Precision

is a measure of the variability associated with the measurement system. The

completeness of the data will be evaluated based upon the valid data

percentage of the total tests conducted.

1.13.1 Precision

Precision, by the definition presented in the EPA Oualitv Assurance

Handbook for Air Pollution Measurement Systems. Volume I. PrinciDles (EPA-

600/9-76.005) is "a measure of mutual agreement among individual measurements

of the same property, usually under prescribed similar conditions.TM Different

measures of precision exist, depending upon these prescribed similar condi-

tions." Radian typically uses the EPA definitions for replicability, repeat-

ability, and reproducibility, as sttIviTMarized in Table 1.13-1, taken from the

EPA Quality Assurance Handbook referred to above.

Quality control procedures, such as control sample analyses and
replicate analyses, represent the primary mechanism for evaluating measurement
data variability or precision. Replicate analyses will be used to define

analytical replicability, while results for replicate samples may be used to
define the total variability (replicability) of the sampling/analytical system
as a whole.

Precision of the measurement data for this program will be based
upon replicate analyses (replicability), control sample analyses (repeatabili -
ty), and results for duplicate samples (sampling replicability). Variability
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TABLE 1.13—1. MEASURES OF PRECISION

Source
Variability Replicability Repeat ability Reproducibility

Specimen Same or different Same or different Most likely different
(subsample)

Sample Same Same Same

Analyst Sam. (At least one of Different

Apparatus Same these must be

Day Same different> Same or different

Laboratory Same Different

)
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will be expressed in terms of the coefficient of variation (CV) for the repli-

cate and repeat analyses where:

Standard Deviation
CV— xlOO

Mean
7

This term is independent of the error (accuracy) of the analyses and

reflects only the degree to which the measurements agree with one another, not

the degree to which they agree with the NtrueN value for the parameter
meaasured. The CV is in units of percent since it.is the standard deviation

of the mean expressed as percent of the mean (relative standard deviation).

For the portable analyzer data, the daily drift checks will provide

another means of controlling and assessing monitoring data precision. These

data will be s'nnmrized in terms of average percent drift for each instrument.

1.13.2 Accuracy

Accuracy, according to EPA's definition is the degree of agreement

of a measurement (or an average of measurements of the same thing), X, with an

accepted reference or true value T. This definition actually encompasses two

concepts, which creates a strong potential for confusion if the difference

between the concepts is not clearly understood. The confusion arises from the

discrepancy between the concept of accuracy of individual measurements and the

concept of accuracy of average values obtained from replicate or repeat mea-

surements of a given parameter. In the case of accuracy of individual measure-

ments, accuracy includes components of bias and precision, i.e •, both system-

atic and random error. On th. other hand, accuracy of the average of indivi-

dual measurements equates accuracy with bias and represents an attempt to
quantitate systematic error (bias) independently of random error (precision).

Under this approach, a set of measurements could be said to be accurate with-

out being precise. Under the other approach, where individual measurements

are considered, precision is a requisite of accuracy since random variability

) is a component of the total measurement error and does not get "averaged out."
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The validity or significance of the astimate of bias is directly related to
the number of individual measurements used to compute the average. It is

based on the principle that as the number of individual measurements is in-

creased indefinitely, the sample mean, X, approaches a definite value, u. The

difference between u and the true value, T, represents the magnitude of the

measurement bias, or systematic error. The error in each individual measure-

ment represents this systematic bias plus random error due to imprecision.

Performance audits represent one mechanism for defining measurement

system error. Typically, repeated measurements are made of the parameter of

interest for the same audit sample or using additional samples at different

levels, and the average error is then calculated. As discussed above, this

error value represents an estimate of measurement bias or systematic error,

although it is often simply referred to as accuracy.w The significance of

the bias estimate may be evaluated using confidence intervals. An approximate

.95% confidence interval for the mean error (bias) can be calculated using:

Standard Deviation
Mean (X)

where n is the number of measurements used to compute the average and standard

deviation and t is a tabulated statistical value (0.025 confidence level, n-i

degrees of freedom; when n is greater than 10, t approaches 2.0).

As an example, for a particular set of nine measurements, assume an

overall mean of 20 ppm is reported, and that the standard deviation of these

data is 10 ppm. Also, assume that the true concentration is 30 ppm. For

these measurements, the 95% confidence interval is:

20
(lO/'j)

or 20

which is the interval (12 ,28). Since this interval does not include the true

value, 30 ppm, a conclusion of bias is justified. The magnitude of this bias

is between 2 and 18 ppm. The uncertainty in the estimate is due to

variability arising from random error.



The choice of definitions of accuracy should be made based on the

specific applications and the meaningfulness of the choice in the context of

the application. For some measurements, for instance, it may not be possible

to perform multipoint audits. In these cases, measured error will include

both bias and variability due to imprecision. Regardless of the definition

chosen, performance audit results provide only a point-in-time measure of

accuracy, and actually reflect only the capability of the system. In most

cases, the results provide some insight into the precision, as well as the

bias of measurements. These data supplement data generated by the internal QC

procedures. Extrapolation of the audit and QC data to actual samples and
measurements provides the primary mechanism whereby error limits for various

measurements may be estimated and the confidence in the measurement data

defined.

Radian audit data are typically stmml2rized in terms of "relative

error." This reflects the degree to which the measured value agrees with the

actual value, in terms of percent of the actual value:

Measured Value - Actual Value
Relative Error — x 100%

Actual Value

This way of expressing accuracy allows for a comparison of accuracy at differ-

ent levels (e.g., different concentrations) and for different parameters of

the same type (e.g., different compounds analyzed by the same method). In

summarizing audit results, mean relative errors (or percent recoveries) are
usually presented. In most cases, the variability in these error measurements
reflects one aspect of the overall precision associated with the measurement
system. This variability is frequently quantitated in terms of the standard
deviation of the relative error (or percent recovery), which is also pre-
sented.

Daily control samples analyses may also be used to assess measure-

ment bias. While performance audit results represent a point-in-time assess-

ment of measurement error, the average degree of agreement between measured
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values and actual values for control samples provides a long-term or average

estimate of measurement bias, as well as precision (repeatability).

1.13.3 Cotnleteness

Measurement data completeness is a measure of the extent to which

the database resulting from a measurement effort fulfills objectives for the

amount of data required. For this program, completeness will be defined as

the valid data percentage of the total tests conducted.
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1.14 Corrective Action

During the course of the Carswell APE site characterization program,

it will be the responsibility of the Project Director, Supervising Geologist,

and sampling team members to see that all measurement procedures are followed

as specified and that measurement data meet the prescribed acceptance crite-

ria. In the event a problem arises, it is imperative that prompt action be

taken to correct the problem. Problems requiring major corrective action will

be documented by the use of "Malfunction Reporting Forms" as presented in

Figure 1.14-1. The QC Coordinator will be included in the distribution for
each malfunction report issued for this program. The Project Director or
Supervising Geologist will initiate corrective action in the event of QC re-

sults which exceed acceptability limits or upon identification of some other

problem or potential problem. Corrective action may also be initiated by the

QA Coordinator based upon QC data or audit results. The corrective action

scheme is shown in the form of a flow chart in Figure 1.14-2. Acceptability

limits and prescribed corrective action related to the various internal QC

checks are discussed in Section 1.10.

In addition to the malfunction reporting system for addressing prob-

lems identified from within the program through the internal quality control
system, a system for issuing formal Recommendations for Corrective Action
(RCAs) exists for addressing problems identified through independent quality
assurance review. RCAs may be issued only by a member of the Research and

Engineering Quality Assurance (QA) Group, or by their designee in a specific

QA role. Each RCA addresses a specific problem or deficiency, usually identi-

fied during QA audits of laboritory or project operations. Although the RCA
system (and form) provides for distinguishing among problems of different ur-
gency, RCAs are typically issued only to address significant, systematic defi-
ciencies. An example RCA form is presented as Fig 1.14-3. Each of these for-

mal written recommendations requires a written response from the responsible

party (i.e., to whom the RCA was issued). A system has been established to

track these RCAs and the corresponding responses. On a monthly basis a
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Ma lfuact ion
1 — QC Liaita
2 — Doc,asntstion
3 — Other (explain)

MALFUNC'YtOI 1Ol

Urfencl Level ______________
— Requires isdiate attention

2 — Should be addressed vithin 7 days
3 — Requires vrittsn explanation

vathin 14 days.

Laboratory:

Location:______________

Contract:_______________

Dat./Tia. of Malfunction

Malfunction Reported by:
Matrix: Osotid

Description of Probl:

Act ion:_________________

Dat./Tia. Resolved:_____________________ Ry Who.:_______________________

(Upon cospistion, send copies to distribution listed and return oriinal to
person vbo reported be .alfunction.)

White — Original
Y.Uov — Laboratory Snp.r.'isor' $ Copy
Pink — Originator's Copy

Distribution: ________ ________ ________ ________ ________ ________

Figure 1.14.1. Malfunction Reporting Fort
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Figure 1.14—2. Corrective Action Flow Scheme
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NI$IAI & V4OI4IIPlG

RECOMMENDATION FOR CORRECrIVE ACTiON

Figure 1.14—3. Recommendation for Corrective Action Form
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sUmmary report ofthe "unresolved" RCAs is prepared by the QA group and issued

to the work areas that each manager is responsible for and the current status

of each. Each RCA requires the response and verification by the QA group that

the corrective action has been implemented before the status is changed on the

monthly report. In the event that there is no response to an RCA within 30

days, or the proposed corrective action is disputed, the recommendation and/or

conflict is pursued to successively higher management levels until the issue

is resolved.

1—99



1.15 Oualitv Assurance ReDorting

Effective management of a field sampling and analytical effort re-

quires timely assessment and review of field activities. This will require

effective interaction and feedback between the field team members, Supervising

Geologist, Project Director, and the QA Coordinator.

The Supervising Geologist and appropriate project team members will

be responsible for keeping the QA Coordinator and Project Director up to date

regarding status of their respective tasks so that quick and effective solu-

tions can be implemented should any data quality problems arise. At a mini

mum, this should include frequent (weekly or biweekly) QC data suiumries and
test data summaries. The use of frequent status reports also provides an ef-

fective mechanism for ensuring ongoing evaluation of measurement efforts.

These status reports may address some or all of the following:

• Summry of activities and general program status,

• S'n"ry of calibration data and QC data,

• SummAry of unscheduled maintenance activities,

• Summary of corrective action activities,

• Status of any unresolved problems,

• Assessment and sn'try of data completeness, and

• Summary of any significant QA/QC problems and recommended

and/or implemented solutions not included above.
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1.15.1 Oualitv Assurance Renorting

The QA Coordinator will prepare audit reports following each perfor-

mance and systems audit which address the audit results and provide a qualita-

tive assessment of overall system performance. These reports are submitted to

the Program Manager, Project Director, and Task Leaders.

Major project (campaign) reports will include separate QA/QC sec-

tions which summarize audit results and QC data collected during the program.

Problems requiring swift resolution will be brougit to the immediate

attention of the Project Director via the malfunction reporting/corrective

action scheme discussed in Section 1.14.

1.15.2 Quality Control Data Renorting

The QC Coordinator has the responsibility of reviewing all on- site

sampling and analytical activities to ensure compliance with the QC require-

ments outlined in this QAPP. This review serves as a control function in that

it should be conducted on a daily basis so that deviations from project re-

quirements will be immediately identified and corrected. These reviews will

be stnmnnrized in standardized, weekly reports to the program QA/QC Coordi-

nator, and Project Director.

On a monthly basis, these weekly reports will be compiled along with

suimries of the analytical quality control results received from each labora-

tory. The compilation of these results will serve an assessment function and

reflect the current quality status for analytical work being conducted. De-
tails of the required review and reporting tasks are presented in this sec.
tion.
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1.13.2.1 Sampling Quality Control Review and Reporting Requirements

Sampling activities will be reviewed on a daily basis to determine
if the sampling quality control requirements are being fulfilled. In other
words, were the proper rnmibers of blanks and duplicate samples taken for each

parameter sampled?

A weekly s1.mary of this information will be prepared using Figure
1.15—1 and suhaitted to the QA Coordinator and Project Director. Each week
will run from Sunday through Saturday. This report will be due on Tuesday of
the week following the period reported.

1.15.2.2 Analytical Quality Control Review and Reporting Requirements

On a weekly basis, a sary report will be prepared by the Super-
vising Geologist that tabulates what analytical results were received by
Sample Control during the week. Each week will run from Sunday through Satur-
day. The sample control nisabers and other pertinent information will be taken
from each data package received. This report will be due to the QA Coordina-
tor, Analytical Task Leaders, and Project Director by Tuesday of the week fol-
lowing the period reported.

Also, on a weekly basis, each data package received will be reviewed
for completeness and adherence to the quality control protocol established for
each type of analysis. A atary report will be made for each data package
detailing what QC data were reported to support the analytical results. These
aimary reports will accompany th. "data received" smmaries each week. Mal-
function reports will be issued by the on—site QC Coordinator addressing any
abnormalities or deviations from the established quality control protocols.

1—102



I—
 

'.3
 

I 
IN

4I
1A

I&
 A

M
I 

&
tA

 S
A

lli
l 

SI
M

IA
M

! 

PH
E

PA
Pt

O
 
B
Y
.
 

Ik
H

W
 

F
i
g
u
r
e
 
1
.
1
5
—
i
.
 

E
x
a
m
p
l
e
 
o
f
 
D
u
p
l
i
c
a
t
e
 
a
n
d
 
B
l
a
n
k
 
S
a
m
p
l
e
 
S
u
m
m
a
r
y
 

*o
ic

&
 

T
yp

e 
S

A
N

P
LI

I3
 

P
IH

O
D

 
*I

U
R

 
S

M
IL

E
S

 

f
l
i
 &

I
E
$
 

B
J
 S
 

I
L
I
I
.
R
 

f
B
I
4
T
 

O
F
 
T
O
T
A
L
 

M
J
I
U
R
 

C
F
 

P
A

ffi
S

 
f
t
R
N
T
 

C
F
 
1
0
1
*
1
.
 

T
ot

m
l 
n*

sr
 o

f 
du

pl
lc

.t.
 p
s
i
r
.
 

sI
•s

 co
II.

ct
.d

 d
ur

Ia
 t

hs
 I

.d
Ic

at
.d

 p
.r

Io
d,

 o
t c

ou
m

tln
g 
t
 s.

c
o
n
d
 
i.p

l. 
of

 .k
 



1.15.2.3 Monthly OC Progress Retorts

The quality control activities will be st,mmnrized on a monthly basis

in a progress report to the Project QA Coordinator. The monthly QC report
will cover a calendar month and will be due by the 10th of the month following
the period covered in the report. The following format will be used in pre-

paring these reports.

• Section 1.0 - Introduction and S!lmmAry

This section will briefly outline what programs are currently

underway and what type of samples are being collected for each.

The section should start with, "Programs currently underway as

part of the Carswell ATh IRP Phase II Stage 2 study are Program

X, Program Y, and Program 2. Program X involves the charac-

terization of groundwater quality at Site 1. Sampling for this

program consistl of collecting groundwater samples from three

monitor walls. Program Y . .. Programs past or present, for

which analytical data were received during the month should

also be described.

A brief s11mary of the major QC problems noted during the month

will be presented. These will be discussed in detail in Sec-

tion 5 and should be presented here asa statement of the na-
ture of th. problem and the area affected.

• Section 2.0 - Sampling QC Activities

This section will discuss in detail what sampling activities
were conducted during the month and what sampling QC was per-

formed. Included will be copies of the weekly "duplicate and

blank samples summpries" (Figure 1.15-1). Any deviations from

)
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the required sampling QC will be discussed in this section with
a description of what steps were taken to correct the problems.

• Section 3.0 — Analytical QC Activities

This section 'will discuss what analytical data were received
during the month and what analytical QC was performed. Any
deviations from the required analytical QC will be discussed in
this section with a description of what steps were taken to
correct the problems.

• Section 4.0 — Smary of QC Data

This section will contain printed tables of the QC data re-
ceived during the month. Each table will be specific for type
of matrix, method of analysis, and control check. A discussion
of any probls noted will be made with consideration given to
impact and corrective action required.

• Section 5.0 — Malfunctions Reported and Completed

This section will contain a discussion of malfunctions that
were addressed during the month. Copies of the corresponding
"malfunction reports" will be included. Additionally, any pre-
viously reported malfunctions that were corrected during the
month will be discussed. Included will be copies of the com-
pleted malfunction reporting forms.
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2.0 METHODS PROTOCOLS

The methods and protocols to be used to accomplish the field program

are described in this section.

2.1. Magnetometer Surveys

Magnetometer surveys will be accomplished at Sites 1 and 10 using an

EDA PPM500 proton magnetometer or equivalent. The magnetometer will detect

any buried metal objects. Readings of the total field and the magnetic gradi-

ent will be taken to determine the positions and size of the buried objects.

The units for these readings axe gaimnAs/1/2 meter. Magnetic surveys will be

accomplished by first delineating an area of low magnetic gradient to be used

as a magnetic base station. The magnetic base station will be used to measure

the natural flux of the earth's magnetic field over time, and to detect the

effects of magnetic storms which could affect the validity of the survey.

Once a base station is defined, profiles will be run across the site with

readings taken .t regular intervals spaced to delineate the presence and char-

acter of buried magnetically susceptible objects. Readings will be taken at

the base station before the site survey begins, and roughly every hour there-
after to estimate the flux of the total field. Values recorded along the pro-

files will includ, the time of reading, and the magnetic values will be ad-

justed for the flux measured in the total field. Final adjusted readings will

be plotted on stacked profiles for comparison and identification of anomalies

by standard interpretation techniques for source and depth.

2.2 Dril1iri Techniaues

Drilling will be accomplished using a hollow-stem auger rig for the

upper zone monitor wells and soil borings and a rotary drilling rig (using

both mud and air) for installation of the Paluxy monitor well. Borehole loca-

tions will be located on a project map for each specific site or zone. The

field investigation including all drilling and sampling operations will be
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supervised by a -qualified professional geologist or hydrogeologist. A de-

tailed log of the conditions and materials penetrated during the course of the

work will be maintained by the geologist or hydrogeologist on site. Decisions

on well locations, well depths, screened intervals and other well construction

details will be made by the TJSAFOEHL Technical Program Manager and Radian's

Supervising Geologist and Project Director.

2.2.1 Hollow-Stem Augering

A hollow-stem auger drill rig using five-foot sections of eight-inch

O.D. hollow-stem auger, will be used to perform all shallow soil borings and

the installation of upper zone monitor wells.. The hollow stem -auger method

will allow for accurate examination of soil conditions, identification of the

position of the water table, and recovery of soil samples. Soil samples will

be collected with a standard split-spoon sampler at 5-foot intervals. The

recovered samples will be described in terms of lithology and moisture, and

retained. Selected samples will be frozen and shipped to the laboratory for

chemical Analysis. After the completion of the boring, the groundwater level

will be measured before the screen and casing of the monitoring well are in-

stalled. Boreholes that are not completed as permanent wells will be entirely

plugged to the surface with a bentonite/cement slurry.

All augers and drilling equipment that has been in contact with the

soil will be thoroughly cleaned prior to drilling at the next well location.

The method of decontamination will be high pressure steam cleaning. -

2.2.2 Mud/Air Rotary Drilling (Ontionali

Mud/Air rotary drilling for the Paluxy monitor well will be per-

formed, if necessary, with a Gardner-Denver 1500 CD (or equivalent) truck

mounted rig. A six-inch bit will be used to advance a pilot borehole through

the upper zone alluvial material to a depth at least 5 feet into the underly-

ing Goodland Limestone. The borehole will then be reamed to a diameter of
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14-inches. A 10-inch diameter steel casing will then be installed to the full

depth of the borehole and the annular space grouted. Upon achieving a posi-

tive seal, the borehole will be advanced using a 6-inch diameter bit to the

final depth of the shale unit dividing the upper and lower Paluxy Formation.

3entonite drilling fluid will be used while drilling in the Paluxy Formation.

This material will be used to help prevent hole collapse. As the borehole is

advanced, the cuttings that discharge at the surface will be examined and de-

scribed. Drilling conditions, such as relative rate and ease of penetration

will be noted by the driller. Water encountered during drilling will be noted

with respect to depth and rate of production. If necessary, drilling will be

temporarily suspended to allow for recovery of water in the borehole.

2.3 Monitor Well Installation

Groundwater monitoring wells will be installed using the hollow-stem

auger method in the upper aquifer, while mud/air rotary will be used to in-

stall the optional monitor well in the Paluxy Aquifer. Monitor wells will be

installed upon completion of the drilling operations. The decisions relating

to the setting of the screen and casing, length of screen, and amount of grav-

el pack for each well will be made on the basis of the observed static water

level. If appropriate, the borehole will be allowed to remain open overnight

to determine the static level.

2.3.1 Hollow-Stem Auger Method

The steps used in constructing a monitoring well through the hollow-stem

auger are as follows:

• Screen and casing sections will be cleaned and assembled on the

ground, then carefully lowered into the borehole. Two-inch

I.D., flush joint Schedule 40 PVC casing with a slotted screen

is placed inside the augers and positioned as directed by the

supervising geologist/hydrogeol.ogist. The length of the screen
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will be a minimum of 10 feet in length and a maximum of thirty-

five feet in length and the slot size will not exceed 0.020-

inch. A cap will be placed at the bottom of the screen.

• Following casing and screen placement, a gravel pack (washed

and bagged silica sand or gravel) having a grain size distribu-

tion compatible with the screen slot size is slowly placed be-

tween the well screen and the auger before the augers are

pu1led As the augers are pulled, the gravel pack settles

around the screen. The top of the gravel pack is placed ap-

proximately three feet above the top of the screen. After the

gravel pack height is measured, a three foot bentonite seal

(granulated or pellets) is emplaced through the augers directly

on top of the gravel pack. After the bentonite has formed a

complete seal, the remainder of the annulus is grouted to land

surface with a Type I Portland cement and bentonite slurry.

• If well stick-up is of concern in an area, the well will be

completed flush with the land surface. The specifications for

a below surface well completion are as follows. Cut the casing

two to three inches below land surface, and install a protec-

tive locking lid with a cast iron valve box assembly. Center

the lid assembly in a three foot diameter concrete pad sloped

away from the valve box. Ensure that free drainage is avail-

able within the valve box. Also, provide a screw-type casing

cap to prevent infiltration of surface water. Maintain a mini-

mum of one foot clearance between the casing top and the bottom

of the valve box. Clearly mark the well number on the valve

box lid and we].l casing. Securely lock the valve box lid.

• For above ground well completions, the well casing will extend

two to three feet above land surface. The specifications for

an above land surface well completion are as follows. Provide
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an end plug or casing cap for each well. Shield the extended

casing with a steel guard pipe which is placed over the casing

and cap, and seated in a two-foot by two-foot by four-inch con-

crete surface pad. Slope the pad away from the well sleeve.

Install a lockable cap or lid on the guard pipe. If added pro-

tection is needed, three, three-inch diameter cement filled

posts will be installed. Securely lock the guard pipe lid.

. The wells will be developed by using a submersible pump, .bailer

and/or air lift method. The flow rate of the water, pH, spe-

cific conductance, and water temperature will be recordedprior

to terminating development. Well development will continue

until the discharge water is clear and free of sediment and

field parameters have stabilized.

2.3.2 Mud/Air Rotary Method (0tional)

After mud/air rotary drilling operations are completed, the monitor

wall in the Paluxy Aquifer will be installed as follows. Screen and casing

(previously washed), consisting of 5-inch diameter Schedule 80 PVC and alO to

35-foot section of screen with a maximum slot size of 0.020 inch will be in-

stalled into a 10-inch borehole. Gravel pack material will be placed into the

annular space to a level three feat above the top of the screen. Bentonite

pellets will be added to form a three foot thick seal, andthen the annular

space will be grouted to the surface by the tremie pipe method. A 1/3 horse-

power stainless steel submersible pump will be installed in the well. A pro-

tective casing, surface electrical connections, and a concrete well pad will

be placed after the pump is installed. Finally the well will be securely

locked. The well will be developed using the same techniques presented in

Section 2.3.1.
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2.3.3 Aauifer- Testing

Slug tests will be performed at selected locations by removing a

slug of water by pumping or bailing the wall and measuring the recovered water

level with time. The water is removed to a point not to exceed the top of the

screened interval. This js done to avoid partial dewatering of the formation.

The method used to calculate the hydraulic conductivities was developed by

Bouwer and Rice (1976). The formula for calculating hydraulic conductivity

using field data is as follows:

r2ln(R/r) 1 Y
K— in

2L t

rc — radius of well (feet)

Re — effective radius over which y is dissipated

r — radius of borehole

in — natural log

L — length of screen (feet)

t — time (seconds) between change in water levels from y0 to y

y — difference between water level at start of test and static water

level

yt — difference between water level at time t in seconds after test

started and static water level

2.4 SamDie Collection

Sampling and analytical efforts associated with the Carswall AFB

Phase II Stage 2 study are aimed at characterization of the soil, surface wa-

tar and groundwater in areas of past and present waste disposal activities.

Sampling activities will include:

2—6



• Collection of water samples (groundwater and surface water);

• Collection of solid samples (soil, sediment); and

• Subsurface gas sampling (soil gas probe).

Approaches that will be used for the collection of these samples are

summarized in Tables 2—1 and 2—2, along with sample storage procedures, hold-

ing times, and corresponding analytical methods. Brief descriptions of each

of the sampling approaches are presented in the remainder of this section.

2.4.1 Water Samples

Groundwater Samples

Groundwater samples will be collected from new and selected existing
monitoring wells.

Monitor Well Sampling——Water samples will be collected from monitor-

ing wells using $ permanently installed submersible electric pump, or a Teflon
bailer (Figure 2—1). Sample quantities and presetvation are specified in the
individual work plan for each phase of the investigation or may be taken frog
Table 2—2.

Prior to collecting a sample, the water level will be checked using
a water sensing probe. Water levels will be measured to the nearest 0.01
foot. Following each well measurement, the probe and associated cord will be
thoroughly cleaned with deionized water to prevent cross contamination. Each
well will also be purged prior to collecting a sample. Purging will be per-
formed using a dedicated pump or bailer, or a portable bladder pump or sub-
mersible piston pump (Figures 2—2 and 2—3). At least three well volumes will
be ourged, and the water appropriately contained and removed.

The bladder pump consists of a stainless steel body. Teflon sampling
lines, and a replaceablà silicon bladder. The bladder pump is actuated by

') compressed air. The compressed air used to drive the pump does not contact
the sample. The bladder pump is placed near the bottom of the well for

2—7
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purging. The piston pump is shown in Figure 2-3. This pump consists of a

stainless steel body, Teflon lines, and as electric water sensing line. Com-

pressed air from a portable air compressor is used to power the pump. The

pump is driven by a double acting air piston. The pump is lowered to a point

3 feet from the top of the groundwater table. The amount of compressed air

required to operate the pump is dependent on the depth to the groundwater and

the volume of the veil.

Samples recovered from dedicated pumps viii be collected from dis-

charge lines or taps directly into the appropriate sample containers (Table

2-2). To collect replicate samples, ater from the discharge line will be

directed to a clean container, from which equal volumes of water will be

placed into the sample containers. Samples retrieved with a bailer will be

carefully poured into sample containers in a manner which minimizes loss of

volatile compounds. Prior to receiving the samples, each container will have

been cleaned by the supplier according to EPA protocol. Samples will be im-

mediately placed on ice and maintained at 4C until received by the labora-

tory. Samples must be packaged, shipped and stored in a manner which avoids

contamination and ensures sample integrity. Field measurements of tempera-

ture, pH, and conductivity will be made at the time of sample collection.

After each well is sampled by bailer, the bailer will be decontami-

nated according to the following procedures: 1) washing with laboratory grade

detergent and potable water, 2) rinsing in potable water, 3) rinsing in ASTM

Type II Reagent Water, 4) rinsing with pesticide grade methanol, and 5) rins-

ing with pesticide grade hexane.

If used for purging, the outside of the pump and sampling tube will

be decontaminated using the following three-step process: 1) wash pump and

sampling tube in detergent and potable water solution using a brush, 2) rinse

equipment with potable water, and 3) rinse equipment with deionized water.
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Surface Water Samiles

Water samples will be collected from Site 16 (Unnamed Creek and the

oil/water separator) by submerging arid filling the sample containers approxi-

mately six inches below the water surface. Sample parameters, sample quanti-

ties, and required preservation are given in Table 2-2. Samples will be col-

lected directly into the sample container to prevent cross-contamination.

After collection, samples will be placed on ice and maintained at 4C until

received by the laboratory. Samples will be stored at the laboratory at 4'C

until the analyses are performed.

Water Blanks and Di.wlicates

Equipment blanks are collected by filling the Teflon bailer (previ-

ously cleaned in accordance with requirements of the SOW) with Type II Reagent

water; the bailer is then used to fill the sample bottles as usual. In the

case of sampling with the downhole pump system, the decontaminated pump is in-

serted into a five gallon container of-Type II Reagent water. The container

will be filled with fresh DI witer each time this procedure is performed. The

water is pumped through the pump system and sample containers are filled.

Surface water blanks and ambient conditions blanks are collected by pouring

Type II Reagent Water directly into the sample container. Trip blanks (sealed

vial of ASTM Type II Reagent Water) will accompany volatile organics samples

sent to the laboratory (one per shipment up to the total number allotted in
the SOW).

Groundwater duplicates are collected by filling duplicate sets of
sample bottles with the same pass of the bailer. When the downhole pump sys-

tern is used, duplicate samples are collected from the same pump cycle. Sur-

face water duplicates and other types of water samples not collected with a

sampling apparatus are collected by submerging duplicate sample containers
beneath the surface of the water.
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2.4.2 Soil And Sediment Samples

Solid samples will be collected using two approaches: 1) hand
augering using barrel augers for shallow subsurface samples; and 2) drilling
using the hollow—stem auger and air—rotary method along with split—spoon sam-
ples for shallow and deep subsurface samples. Selected solid samples collect-
ed during the investigation of a given site will be frozen and stored as spec—

ified in Table 2—1. A review of the real—time data and field observations
from the site will be performed to determine which samples are to be selected
for chemical analysis. Solid samples are selected for chemical analysis as
soon as possible after sample collection. The samples should not exceed their

holding times as specified in Table 2—1. All samples collected during a par-

ticular phase of the investigation will be retained until one month after re-
lease of the final report for that phase of the investigation.

Hand Auger Sampling

Hand augers will be used to collect soil samples to depths as great
as 10 feet below land surface (BLS). Hand auger kits include: sand barrel

auger bits and clay auger bits, extensions of various lengths, and handles

(see Figure 2—4). The auger bits are approximately three inches in diameter

and are constructed of stainless steel, Soil samples will be collected in
one—foot intervals at selected depths over the length of the borehole as fol-
lows:

• Soil samples retained in the auger bit will be composited from
a selected depth interval below the land surface;

• Soils from the selected interval will be placed in an inert

stainless steel bowl and homogenized with an inert• stainless

steel spoon;
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• Samples for chemical analysis will be retained as needed in

glass bottles and refrigerated as specified irt Table 2—1;

• The hand auger barrel, spoon, and bowl will be cleaned between
samples; and

• After completion of each sample and each bole, the sampling
equipment will be decontaminated using: 1) laboratory grade

detergent and potable water wash; 2) potable water rinse; 3)

ASTM Type II Reagent Water rinse; 4) pesticide—grade methanol

rinse; and 5) pesticide grade hexane rinse.

Data for each hand auger borehole will be placed on a geologic log.

Split—Spoon Samples

Lithologic samples will be collected using a hollow—stem auger drill
rig and a split—spodn sampler as follows:

• A drill rig using 5 foot sections of eight—inch hollow—stem

auger (Figure 2—5) will be used to bore to the depth of inter-

est. At depth, the drive tip of the auger (and drive shaft)

will be removed. Axa internal hollaw—stem hammer (or a drill

stem with external hammer) and a split—spoon sampler will be

lowered inside the auger stem to the sampling depth. The sam-

pler will be driven into the soil approximately 18 inches and

then removed with the solid sample retained in the split—spoon.

• A standard penetration split—spoon will be used to obtain sam-

ples at 5—foot intervals for visual observation. The standard
split—spoon measures 18 inches long and nb inches in diameter.

The sampler will be split lengthwise to remove the sample. A

portion of the sample will be retained for visual inspection.
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Immediately following the splitting of the spoon, a vapor mea-

surement will be taken using an organic vapor analyzer (OVA).

• Split spoon samplers will be decontaminated as described for

hand auger sampling before re—use.

• Chain of custody forms will be prepared for all the samples

collected for chamical analysis to document the progression of

the sample throughout the collection and analytical process.

• Data for each borehole will be documented on a geologic log.

At the completion of each boring, the borehole will be abandoned.

Abandonment will consist of backfihing with native material to a depth of 10
feet BLS (below land surface) or 10 feet below the lower extent of visible

contamination, whichever is deeper. The remainder of the borehole will be

grouted with cement. This method of abandonment should prevent migration of
soil contaminants, if present.

Soil Toxicity Sampling

Soil samples that are suspected to be hazardous because of abnormal
discoloration, odor or high air monitoring levels will be collected fr dri.s
containing soil cuttings generated during drilling.

Solid Sample Duplicates

Solid sample duplicates are collected by two different methods. In
the case of duplicate hand auger soil samples, two passes with the hand auger
are made at the desired depth. Soil is collected from each pass and mixed
together in an inert stainless steel bowl with an inert stainless steel spoon;
two sets of sample bottles are then filled with the soil mixture. In the case
of split—spoon soil duplicates, duplicate samples are collected by making
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consecutive passes with the split—spoon sampler. The duplicate samples come

from slightly different depths. This is unavoidable because removal of the
soil from the sample sleeve in order to mix a composite from two depths would
ruin sample integrity. (Duplicate split spoon samples are taken assuming that
the soil formation and constituents are continuous over the interval sampled).

2.4.3 Gas Sampling

Gas phase sampling associated with the Carawell AFB investigation
will involve a variety of different sampling approaches to address specific
types of gas phase samples which will be collected and analyzed. Each of the

sampling approaches used will be tailored to the specific parameters of inter-
est. Many of the sampling approaches allow for the use of different sample
collection methods, while others, inherently less versatile, apply only under
specific circumstances. The methods which will be used for gas phase sampling
are described belo,.

Gas Sampling Approaches

Gas phase sampling viii. include collection of subsurface vapor sam-
ples. The types of sampling will include:

• Real—time air monitoring during drilling; and
• Mobile GC laboratory soil gas sampling.

Air Monitoring — Drilling and Hand Augering Activities

Air monitoring will be performed during all, subsurface drilling and
hand augering with an organic vapor analyzer (OVA) or a photoionization detec-
tor (UNu or equivalent) to characterize the generation of potentially hazard-
ous and/or toxic vapors or gases.
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Portable organic vapor analyzers will be used to perform real-time

screening of total hydrocarbon vapors. This method will be used to some ex-

tent with all of the sampling approaches described above. Screening results

will be used to help determine where and when samples will be collected using

time-integrated sample collection methods. Certain chain of custody documents

also have provisions for recording this information.

A Foxboro Century Systems Corporation Model 108 or equivalent or-

ganic vapor analyzer (OVA) with a dynamic range of 1 to 10,000 ppm and 100,000

ppm will be used to detect total hydrocarbons (see Figure 2-6). The OVA will

provide real-time, non-specific data as total hydrocarbons (THC) present using

the flame ionization principle of detection (FID). The OVA will be calibrated

daily using certified methane-in-air gas standards. All measured concentra-

tions will be corrected for the OVA's response to hydrocarbon-free air.

In addition to the OVA, an Analytical Instrument Development, Inc.

(AID) Model 580 or equivalent photoionizer, with a range from 0 to 2,000 ppmv

will be available for use. The AID has low sensitivity to methane, but high

sensitivity to other hydrocarbons such as benzene. These portable instruments

are particularly useful in finding the probable sources of gas in an area con-

taining hydrocarbon vapors.

Mobile CC Laboratory Soil Gas SamDling

Shallow soil gas will be collected by pumping a small amount of the

soil gas out of the ground through a hollow probe driven a few feet into the

ground and analyzing the gas for the presence of volatile contaminants. The

soil gas analysis is performed in the field so that samples do not have to be

packed or shipped. The analytical results are available immediately and can

be used to help direct an investigation.

Soil gas samples are collected by driving a probe into the ground by

a hydraulic pusher/puller mechanism, then the probes are purged. After



Figure—2—6. Foxboro Century Systems Portable Organic Vapor
Analyzer Model OVA-108
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purging and while the soil gas is being drawn through the probe, a gas sample
is taken by a glass syringe which is inserted through a section of silicone
tubing (leading to the pump) and into the stainless steel tubing into the
adaptor. Gas samples only contact steel surfaces and are never in contact
with potentially sorbing materials (i.e., tubing, hose, pump diaphra). A

vacuum gauge monitors the negative pressure in the evacuation line to assure

that there is no impedance to gas fl through clay or water—saturated soils.

One or two 10 ml air samples are collected from each sampling probe

after one to four minutes of pumping. These 10 ml samples are aubsampled ac-
cording to analytical requirements and replicates are injected into the gas

chromatograph for documentation of reproducibility. More than two injections

may be necessary where there are multiple contaminants which require different

sample sizes for chromatographic analysis. The reproducibility of soil gas
samples from the same probe is typically within 20 percent and is always with-

in a factor of two.

After the analysis is completed the probe is removed and the probe

hole is backfiled with native materials.

2.4.4 Sample Requirements

Samples will be collected in the containers specified for the par-

ticular analysis. The container types, preservation techniques, holding times

and sample volumes for each analysis are presented in detail in Tables 2—i and -.

2—2.

2.5 Site Management

After completion of each borehole or well the soil cuttings will be

placed in drums and removed per direction of the base civil engineer. The
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site will then be cleaned of any remaining cuttings. The drums will be trans-
ported to a location within the installation boundary. The base is responsi-
ble for ultimate disposal of the contaminated soils using base resources.

2—31



-- ;_- --- -4p —--- -

t 1'

• ...Ztg•fr •#. .t &t;t. :-' . . - : •'
..: 4fl :;- ::.: ;;: -• •: •,-- .':: -- ':-

-1' : .
C,tt

£ ; ;;yF:4; J
I..-'••n cCy: •',

- : -• - . .•,-- T : - : t • : ,• • ..

',- 4- .- t -A' ° .' I:'- 4?IJL,jrL •- ..7D•.tDMtktf7::*re• -.-*; -. -. ••, t--4. •••• .- .: • '••. •••••-• -• • •sttr h.t a ic;:t;
I-

d F Sc .. 44rZa3J z , s"-'

:7c*fl$JtT Plan
— :z;J-Mi-z L , :tr -

- .-
.7rc 1 -'t.C Tttta;c;c t+ __.t t 4- -. -

S - r- '— 4— içt ,_ —•
a—-—

4t :* _ t4 4 al 4- -4 —

: 'j- 7 -';:-:;- p ;: -
-ç

IL t J——faJa,%,S -' -
f_>_

r ,s e , :_a_4 cf-s-- c:#Ht't'r a . -7 c.)-e--- r4trI—.t a
-- • •::i•••-- -t-- '.f:v-.:. •-t:ø :-- • : • -- • -:fl -4--ht r

- -d --t 1Th;c : .
:

••: r :--. - •'.':- : •

-4_jr •— S r; -:f;_ — '-i;.'-t,-:- ' -.a a - 5-_1r . -—--F

'- tt'y)-'3çS a
:- -T,. a#- 44 -k tL-f3' -, --:i -

- C — ½-- ' _ ;* C/' - l2#'ptç W4-- -t- - •_t •-1r •- r-t! 3-'--- __i.r1 ,y-- •- -•- ---:-*----- --•--• .L ;t- . •
- -a r —-.-A -a -:.c t - b _

I— 4_ca_a 5;'; e 1•a'w:.;r.w-Icai_.ss. . _ 47d:t 4! ._. - - -C •- -- r:: -' .
• :- :t -- /- f • • • • & •

•
• *W -4; -••••?- • : -rtçr x- -r

i,:- :ji :- ?tfLctscc!t=— t_- I -:- --
—;5--_— - t crt -2- t4 - -

-- aC—d -t_4
- -::tt:1-. e •i: -5A:kat' -- - - - t... - -- - - a -

- - C -
-} -2-::i-- -

-
- - - -"

- — ;4r.C'4t. -.-'- _. —- fr - - - -- -

- :: c-tt - -- ----- -
rt— -t4-t,=' - - - ) r'r - - - - — -- -- a-

- - - -jt!tSt 4E a/flc' a;t - - -r -
-

J - r -
-*fr -t'\frL / - -

_- AC a- - -

- -- • • --•- -• • -!P 1 a-çajttp ' j--p - -



'a ' r , - 'C T
L. ' .. .CORPORA?IOH

227—005—04—01

INSTALLATION RESTORATION PROGRAM
PHASE II — OONPIRMATION/QUAN'rITICATION

STJIGE 2

CARSW.L AIR PORCE BASE, TAZ
ALTH A SAFETY PLAM

HEADQUARTERS STRATEGIC AIR C0MMPND
C0)*(AND SURGEON' S OPEl CE (HQSAC/ SGPB)

October 1987

PRARRD 3!:
RADIAN OORPORATION

8501 MO-PAC BOULEVARD
POST OTE1CE BOX 201088

AUSTIN. TAS 78720—1088

USA! OONRACT NO. E33615—87—D—4023, DIVERY ORDER NO. 04
RADIAN OONRACT NUMBER 227-005-04

US&IOL TENICAL PROGRAM MANAGER
RATZLAEP

TECHNICAL wS DIVISION (TS)

UNiw ST&TES AIR PORCE
OCPATIONAL AND VIBO1IHNTAL HEALTh LABORATORY (USAPO)

TECHNICAL SERVICES DIVISION (TS)
BROOKS AIR PORCE BA.qE, TEAS 78235-5001

\-a: 3vc.'!. 2CiEAstrn. T>



RADIAN
C OS Porn * V S ON

TABLE OF CONTTS

P age

1.0 INTRODUCTION . .... •.. 1—1

2.0 FID ACTIVITIES A KEY PERS0NNE.. 2—1

2. 1 Key Personnel . 2—1

2.2 Program Manager/Project Director Responsibilities 2—2

2.3 Radian Supervising Geologist Responsibilities .... 2—2

2.4 Drilling Subcontractor Supervisor Responsibilities 2—3

2.5 Yield TeamResponsibiities .. 2—3

3.0 FIDACITIVITIES/HAZARDANALYSIS...... ...... 3—1

3.1 Hazard Analysis: Hollow—Stan Auger Drilling 3—4

3.2 Hazard Analysis: Air/Mud Rotary Drilling 3—5

3.3 Hazard Analysis: Develojmient and Sampling of Monitor

Wells ... . 3—5

3.4 HazardAnalysis:AquiferTesting 3—6

3.5 Hazard Analysis: Magnetometer Survey . 3—6

3.6 HazardAnalysis:SoilVaporAnalysis . 3—6

3.7 Hazard Analysis: Soil Boring and Sampling 3—6

3.8 Other Hazards: Stream Sampling .............. 3—7

3.9 Hazard Analysis: Sample Preparation and Shipment . 3—7

3.10 Other Hazards: Heat Stress, Hypothermia, and Frostbite .. 3—7

4 •0 SAFE WORK PRACTIS AND PERSONN PROTECTION ... 4—1

4.1 Derma.l Protection 4—4

4.2 Respiratory Protection . . . • 4—4

4.3 Hearing Protection • • • • • . • . • 45
4.4 Head Protection . . 4—5

ii



RADIANCOOR*?tN

TLE OF wrrs (Continued)

Page

5 . 0 PERS0NN.. TRAINI} • • • • • • • • 5—1.

5.1 Respiratory Protection Training .... . . 5—1

5.2 Personal Hygiene Practices 5—2

6.0 POSURE I'NIT0R.ING PLAN 6—1

6.1 ChicalExposureMonitoring Plan 61
6.2 Heat Stress Control and Monitoring Plan 6—2

6.2.1 Heat StreesControl 6—2

6.2.2 Heat StresaMonitoring . 6—4

6.3 Frostbite Control and Monitoring Program 6—5

7.0 W0 Z0S AND DECONTAMINATION PROCEDURES .. 7—1

7.1 Work Zones ............. •.........•.. 7—1

7 .1.1 Exclusion Zone . 7—1

7.1.2 Decontamination Zone ...... 7—1

7.1.3 Support Zone 7—2

7.2 Decontamination Procedures 7—2

8 • 0 IERENCY RESPONSE AND MI4UNICATI0N PLAN 8—1

8.1 Emergency Medical Response . d 8—i

8.2 FireEmergency Procedures . 8—i

9.0 RERD PROCURES . . 9—i

ATIACRMENT A — Equipment Supplies List ... A—i

iii



RADIANCOPOR*?ION

2.0 PIE.D ACTIVITIES AND IY PERSONNEL

Phase II (Stage 2) activities of the Carawell. ATh IRP field program
will include:

• Monitor well installation using hollow stam auger and air/mud
rotary drilling techniques:

• Develoent and sampling of monitor wells;

• Aquifer testing;

• Magnetometer survey;

• Soil vapor analysis;

• Soil boring and sampling using hollow st auger with split
spoon or Shelby tube samplers;

• Collection of stream (bottom) sedint and surface water
samples; and

• Sample preparation and shipment to analytical facilities.

2.1. Key Personnel

Radian and subcontractor personnel who are responsible for the safe
conduct of this project are:

• Radian Contract Program Manager-'—F.J. Smith;
• Radian Program Manager—W.L. Boettner;
• Radian Project Director—L.N. French;
• Radian Supervising Geoi.ogist—G.J. Childs; and
• Drilling Subcontract or Supervisor—Not Determined.
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2.2 Program Manager/Project Director Responsibilities

The Program Manager and Project Director have overall responsibility

to ensure that the site Health and Safety program is implemented in accordance
with all applicable federal1 state, and local requirements and Radian Corpora-

tion policy.

2.4 Radian Supervising Geologist Responsibilities

The Radian Supervising Geologist will ensure that the health and
safety procedures described in this plan are followed. These procedures cover
all on—site activities of Radian and direct subcontractor personnel. AU.
participants in the field work will comply with Federal and State occupational
safety and health regulations, 29 CFR 1910, and are responsible for complying
with this plan.

Specific safety responsibilities of the supervising geologist
include:

• Locating the support facilities in an uncontaminated area.

• Initiating contact with the base emergency response agencies
(police, fire, medical), testing the emergency phone nizbers to
ensure their accuracy, and posting the numbers.

• Implementing the safety training as described in Section 5 of
this plan.

• Observing Site activities to ensure the proper use of personal
protective equipment.

• Conducting daily safety review sessions with the drilling cr.
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• Setting safe work schedules, considering required work levels

and outside temperature.

• Ensuring that the field team observes the work zone and
decontamination procedures as described in this plan.

• Ensuring that Radian safety equipment is maintained properly
(respirators are cleaned after each day).

• Initiating corrective action for observed safety violations and

report unsuccessful attempts to correct a violation to the
Radian Project Director or Program Manager.

2.4 Drilling Subcontractor Supervisor Responsibilities

The Drilling Subcontractor Supervisor Will be responsible for

enforcing drilling crew compliance with the health and safety procedures
presented in this plan. The Drilling Subcontractor Supervisor will initiate
corrective action and, as appropriate, disciplinary and/or diamissal measures
with any drilling crew member who does not comply with the plan, as directed
by the Radian Supervising Geologist.

2.5 Tield Team Responsibilities

The responsibilities of the field team members are:

• Read and understand this plan;

• Perform work safely;

• Report any unsafe conditions to their inediate supervisor; and
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. Be aware and alert for signs and sympts of exposure to site
contaminants and adverse weather conditions (i.e.. temperature

extres and wind chill).
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3.0 FIELD ACTIVITIES/HAZARD ANALYSIS

The field activities to be conducted during tb.is progrem will
involve potential health and safety risks to field team members. An analysis
of these potential hazards (associated with the activities presented in
Section 2) are discussed individually in the following subsections.

The general types of hazards associated with this program are de-
scribed below. A listing of specific suspected hazards by site is provided in
Table 3—1. A sl.mary of field activities, by site, is provided in Table 3—2.

Mechanical Hazards: Cuts, contusions (bruises), being struck by

or striking objects, or being caught

between objects.

Electrical Hazards: Possible excavation of buried cables and

contact with overhead por lines during

drilling. Electrical storms.

Chemical Hazards: Field exposure to chemicals listed in

Section 3.1 of this plan.

Fire Hazards: Possible excavation of buried gas lines.

Grass fires. Equipment fires.

Thermal Hazards: Exposure to outside temperature extremes,
especially heat stress when wearing pro-
tective clothing.

Acoustical Hazards: Exposure to excessive noise during drilling
operations involving hollow—stem augering
and air rotay drilling.
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TABLE 3-1. POTENTIAL HEALTH AND SkFETY HAZARDS. BY SITE

Hazard

Site

3 4 5 10 11 12 1 13 15 16 17
*

BSS
*

WSA

Aromatic

Hydrocarbons

X X X X X

Chlorinated

Hydrocarbons

X X X X X X X X X

Petroleum
Products

X X X X X

Metals X X X

Pesticides X

Ordnance X

Drilling Hazards X X X

*
BSS = Base $erv.ce Station
WSA = Weapons Storage Area
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TABLE 3—2. FID ACTIVITIES. BY SITE

Site
* *

Activity 3 4 5 10 11 12 1 13 15 16 17 BSS WSA

Shallow Drilling X X X X X

Deep Drilling X

Aquifer Test X X X X x

Groundwater X X X X X X X
Sampling

Magnetometer X
Survey

Soil Vapor X X X
Analysis

Soil/Sediment X
Sampling

Stream Sampling X

Separator Sampling X

SoilBoring X X X X X

*355 = Base Service Station
WSA = Weapons Storage Area

3—3



RADIANC0 P

Unexploded Ordinance: Unexploded ordinance is a very real concern
during activities at any military installa-
tion. Site activities should be coordi-

nated with the Explosive Ordinance Disposal

detachment before beginning site work in

area where buried ordinance is suspected

such as Site 10.

3.1 Hazard Analysis: Hollow—Stem Auger Drilling

Hollow—stem auger drilling activities will potentially expose field

personnel to the hazards listed below:

Chemical Hazards:

• Exposure to chemical contamination present in groundwater and
soils. Suspected and confirmed chemical contamination pre-
sently includes:

— aromatic hydrocarbon compounds.
— chlorinated hydrocarbon compounds.
— petroleum products.
— metals, and
— pesticides.

• Previous analysis indicates the presence of many of the above

categories of chemicals. Specific chemical compounds found
include:

— trichi.oroethylene.
— vinyl chloride,
— tetrachioroethylene.
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— trans—i, 2—dichloroethylene,
— berizene, and

— toluene.

Drilling personnel will also be exposed to exhaust fumes from the

equipment operation.

Physical Hazards—Exposure to physical hazards associated with

hollow—stem augering include the following:

— snapping cables.

— brush, equipment, or gas—main fires.

— being hit by equipment.

— becoming entwined in rotating tools,

— falling objects,

— drilling into buried utilities or waste ordnance,

— exposure to excessive noise, and
— exposure to extreme outside temperatures. -

3.2 Hazard Analysis: Air/Mud Rotary Drilling

During the installation of monitor wells using the air/mud rotary
technique, the field team will generally be exposed to the same chemical and
physical hazards as listed for the hollow—stem auger work (Section 3.1).

3.3 Hazard Analysis: Development and Sampling of Monitor Wells

During develoent and sampling of the monitor wells there is a high
potential for exposure to contaminated groundwater. The various types of
chemical contaminants listed in Section 3.1 (Chemical Hazards) should be
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considered present during well development and sampling. Use of electrical

pumping equipment during development and sampling of the wells also presents

some electrical shock hazards.

3.4 Hazard Analysis: Aquifer Testing

The greatest potential hazard associated with aquifer testing is

possible exposure to contaminated groundwater. However, due to the nature of

the test, this potential is limited. As described in Section 3.3 electrical

shocks, associated with the use of electrical pumps and automatic gaging

equipment, are also possible.

3.5 Hazard Anlaysis: Magnetometer Survey

Potential hazards associated with this activity are limited to
physical hazards such as slips, trips, and falls. The magnetometer survey
itself poses no hazards to field personnel.

3.6 Hazard Analysis: Soil Vapor Analysis

During soil vapor analysis, the field team could be exposed to

hazardous vapors emanating from contaminated soil. The most probable types of
airborne contaminants are volatile organic compounds (see Section 3. 1).
Physical hazards, similar to those listed in Section 3.1 are also possible.

3.7 Hazard Analysis: Soil Boring and Sampling

This activity will be accomplished using the hollow—stem auger

drilling technique and split spoon or Shelby tube core samplers. The poten-

tial hazards are the same as those listed in Section 3.1.
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3.8 Hazard Analysis: Stream Sampling

Elevated concentrations of metals and some hazardous organic com-

pounds were identified in stream samples from Unnamed Stream collected during
a single sampling event. However, at the low levels detected, there is little
hazard associated with casual contact with the surface water or bottom sedi-
ment.

3.9 Hazard Analysis: Sample Preparation and Shipment

After the samples have been collected in sampling jars, the samples
must be preserved, as appropriate, and properly packaged to protect shipping
personnel from potential exposure to contaminants. There is no great hazard
in performing the packaging operation, yet if this operation is not done
properly, unsuspecting individuals may be exposed if the containers Leak or
break. Shipping procedures are described in detail in the Work Plan. Preser-
vation of water samples may involve the use of acids or bases to adjust sample
pH. Proper precautions ist be taken to avoid contact with these reagents.

3.10 Other Hazards: Heat Stress, Hypothermia, and Frostbite

During field work conducted in warm conditions, the Radian Supervis-
ing Geologist must be alert for the siis and symptoms of heat stress. A
hazard exists when individuals are required to work in warm temperatures while
wearing impervious proiective clothing. When the ambient air temperature at
the site exceeds about 65 degrees Fahrenheit, heat stress may become a prob-
lem. When field activities are conducted during cold weather conditions
(below freezing ambient air temperature or high wind chill factor) the Radian
Supervising Geologist must be alert for signs of hypothermia or frostbite.
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4.0 SAFE WORI( PRACTICES AND PERSONNEL PROTECTION

The following subsections describe procedures for safely performing
the different tasks required at the sites included in this program. Based on
the results of the hazards analysis of field activities atmarized in the
preceding section, activities at all sites can be safely conducted using

either modified EPA level C or D personal protection. As defined for this

project. EPA level C protection includes:

— Treks coveralls,
— Hard hat
— Safety glasses or splash goggles,
— Air purifying full— or half—face respirator (worn),
— Rubber boots, and

— Gloves.

EPA Level D protection includes:

— Long sleeve shirt and trousers,
— Hard hat

— Safety glasses or splash goggles.

— Air purifying, full— or half—face respirator (carried).

— Rubber boots) and
— Gloves.

In addition, hearing protection is required during drilling opera-
tions and in any areas where aircraft engines pose a potential noise hazard.

Table 4—3. identifies the appropriate level of personal protection

for activities at each project site, based on evaluation of the available
information. Depending on actual site conditions encountered at the rime of
field activities, the Radian Supervising Geologist may increase or decrease
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TABLE 4-1. PERSONAL PROTECTION LEVBLS

Protection/Site 3 4 5 10 11 12 1 13 15 16 17 BSS3 WSA4
Level

EPALeve1C1 X X X X X X

EPALeVe1D2 X X X X X X X

1. Level C Equipment: Tyvek coverall, hard hat, safety glasses, respirator
(worn), rubber boots, gloves.

2. Level D Equipment: Long sleeve shirt, trousers, hard hat, safety glasses,
respirator (carried), rubber boots, gloves.

3. 335 = Base Service Station.

'4. WSA = Weapons Storage Area.

4—2
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the required level of protection. Some general guidelines that will be used

are as follows:

• Disposable Tyvek5 coveralls should be worn by drilling person-

nel whc handle potentially contaminated auger flights and other

parts of the downhole drilling equipment. Tyvek• coveralls
should only be worn when there is a high probability of skin
contact with contaminants. They should not be worn in the
absence of splash or dust hazards. They contribute little in
the way of skin protection against volatile organic chamicals
and greatly increase the danger o heat injury. Heat stress
monitoring will be increased when workers are wearing Tyvek°
clothing.

• Chamical splash goggles or safety glasses with side shields
should be worn at all times during field activities.

• PVC disposable gloves worn over butyl rubber or nitrile gloves
will provide an extra measure of hand protection when handling
contaminated soils and water samples.

• Respiratory protection will be worn during drilling and sam-
pling activities that may expose the field team to hazardous
airborne materials. In cases where monitoring confirms that
contamination is not present, the Radian Supervising Geologist
may discontinue the use of respiratory protection. Air moni-
toring activities will increase when respirators are not being
used (see Section 6. Exposure Monitoring Plan).

• Hearing protection will be worn during operation of heavy
equipment.

Personal protective equipment, for the prevention of personnel
exposure to chamical. hazards via inhalation and skin contact, and to reduce
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potential physical hazards, are described in the following subsections. An
equipment supplies list, including personal protective equipment and vendors
is appended (Attachment A).

4.1 Derinal Protection

Drilling operations may expose field team members to certain dermal

hazards, should contaminated soil or groundwater come in contact with their
skin or eyes. To reduce the risk of physical contact with hazardous
materials:

• Disposable Tyvek coveralls will be worn by the field team when

handling wet drill cuttings or physically handling any of the
drilling equipment (auger flights. etc.) that potentially have

contacted the contaminated materials.

• Eye protection (safety glasses with side shields meeting ANCI.

std. 287.1 ) will be worn by all field team members during al].

drilling and sampling activities. Splash goggles will be worn

during steam cleaning activity.

• Neoprene or PVC boots with steel toes will be worn by all field

team members when contact with contaminated soils or standing

water may occur. (Steel toed boots st be worn at all times

by personnel working near drill rigs or other heavy equipment).

4.2 Respiratory Protection

The following guidelines vii]. be in force regarding respiratory

protection:

• Air purifying respirators fitted with combination organic
vapor/High Efficiency Particulate (HEP) filter/cartridges will

be worn when the field activities disturb the soils.

4—4



RADIANcom.osv,nN

Approved Respirator

— MSA Comfo II Half Mask with GMA—H Cartridges or equiva-
lent

— MSA Ultratwin Full Mask with GMA—H Cartridges or equiva-
lent.

4.3 Hearing Protection

Since operations will be conducted near aircraft engines and jet
taxi and maintenance areas, the noise level of these activities combined with

that from the drilling rigs may rult in a noise hazard. The field team must

protect their hearing during drilling operations by wearing either or both of

the devices listed below:

.. E.A.R. brand foem ear plugs.

• Ear muffs.

4.4 Head Protection

Head protection will be worn by all employees at all times they are

on site. The type of head protection selected for this project is a nonmetal-

lic, impact resistant hard hat (Class B helmet).
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5.0 PERSONNEL TRAINING

During drilling and sampling of the sites, Radian team members will
be provided with and required to wear the recmended equipment. Personnel
protective equipment required by the drilling subcontractor personnel will be
the responsibility of the subcontractors' supervisor. The following para-
graphs discuss training information for respiratory protection.

5.1 Respiratory Protection Training

Respirators will be provided to the field team by their respective

firms. All personnel have or will be qualitatively fit tested with their

personally assigned respirator as part of the OSHA. Health and Safety Training.

The team members will be expected to use these respirators properly.

The half—face air purifying respirator, equipped with the proper
cartridge, is capable of filtering certain gases, vapors, dusts, mists, fumes,
and particulates out of inhaled air. This respirator does not provide oxygen
and should not be used in oxygen deficient atmospheres or IDLH* conditions.
The respirator will not provide adequate protection if the face seal is poor.
and all male members of the field team will be required shave daily before

wearing this respirator. It is a violation of OSHA regulations to wear a
respirator with any facial hair that interferes with the face seal. Contact
lenses are also prohibited when respirator protection is required.

Respirators must fit properly to afford adequate protection. To
ensure that a proper fit is obtained, fit testing is performed. The Radian
Supervising Geologist wil]. perform three types of fit tests at the start of
field activities and will ensure that each Radian person is periodically
checked for proper respirator fit. These tests are:

*LH = Immediately Dangerous to Life and Health.
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• Negative pressure testing.

• Positive pressure testing, and

• Odor testing.

5.2 Personal Hygiene Practices

The field team must pay strict attention to the hygiene requiraments

listed below to avoid ingesting or sustained dermal. contact with any of the

possible site contaminants:

• Never put anything in your mouth, including your fingers, while

conducting field activities.

• All employees must wash their hands, forearms, face and neck
before eating, drinking, smoking, or using the rest room.

There Will be no exceptions to this rule.

• At the end f the day, each employee will shower thoroughly.
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6.0 EXPOSURE M)NITORING PLAN

Employee exposure to site contaninants and physical hazards will be
monitored during the site activities by using a combination of techniques:

• Organic vapor measurents using photoionization detector (PID)

(HNu or comparable device);

• Air quality screening for total organic vapors and selected
organic compounds using indicator colorimetric tubes (Draeger

tubes); and

• Heat and cold stress monitoring will be conducted by the Radian

Supervising Geologist through field observations and body

tperature measurents.

6.], Chical Exposure Monitoring Plan

The Radian Supervising Geologist will monitor airborne levels of

organic continants during all drilling activities (monitor well drilling and
soil coring). Measurements will be taken in the borehole, over cuttings, and

in the breathing zone for comparison with background levels. Monitoring for
chical exposure will include the following activities:

• Obtain a background organic vapor reading near the upwind

boundary of the site, using a photoionizatiou detector (P ID);

• Monitor the ambient air in the vicinity of the drill rig with

the PID during drilling activities;

— check borehole concentrations whenever the drill st is

broken to add new sections; and
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— if borehole concentrations or concentrations over cuttings

increase from background, immediately check breathing zone

concentrations.

• Drilling operations will be suspended and respiratory protec-

tion requirements will be reevaluated if the PID total organics
measurement in the breathing zone increases by more than 5 p
above background;

• Use Draeger "Polytest" tubes for backup of the PID in the event

of malfunction and to verify P total organic concentrations;
and

• Use compound—specific Draeger tubes (beztzene, trichioroethy—

lena, tetrachioroethylene. vinyl chloride, and toluene) for

on—site identification of organic contaminants.

6.2 Heat Stress Control and Monitoring Plan

Workers who wear protective clothing will be at increased risk of

heat stress. The Radian Supervising Geologist should observe the field team

at all times and be alert for the signs of heat illness.

• Make sure that the workers adhere to a work/rest schedule; and

• Everyone on site should replace lost fluids frequently.

6.2.1 Heat Stress Control

The Radian Supervising Geologist Will set work and break schedules

depending on how heavy th work load is and the outside temperature in
coordination with the drilling supervisor. Generally, workers conducting
drilling activity in protective clothing need to break in the shade at least
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10 minutes out of every hour during elevated temperatures. Rest time should

also include fluid replacement with electrolytes (i.e.. Gatorade or equiva-

lent).

During conditions where the tperature, humidity. and solar
radiation are high and the air movement is low, the following procedures

should be followed whenever possible to prevent heat stress injury:

• Limit work activity periods to reduce the amount of heat the

body produces.

• Workloads and/or duration of physical exertion should be less
during the first days of exposure to heat and should be

gradually increased to allow acclimatization.

• Schedule heavy work during the cooler periods of the day.

• A.lternate work and rt periods in heat stress conditions; in
moderately kzt conditions, 5-minute rest periods in the shade
alternating with 25—minute work periods in the sun way be
desirable. Under severe conditions, the duration of rest
periods should be increased.

• A heat stressed worker may lose up to a quart of water per
hour. This loss must be replaced, or a rapid rise in body
temperature will occur. In conditions of moderate heat,
replace 5 to 7 quarts of water per worker per day. In severe

conditions of heat stress, replace 9 to 13 quarts of water per
worker per day.
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6.2.2 Heat Stress Monitoring

The Radian Supervising Geologist should perform monitoring activi-
ties for heat stress when workers are using protective clothing in elevated
tperatures. The heat stress monitoring plan includes:

• Measurement of worker heart rate (pulse beats 15 seconds x 4 or
30 seconds x 2);

• Measurent of body tperature with forehead fever strips; and

• Observation of the field team for ais and symptoms of heat
stress which include:

— pale, clammy skin progressing to hot, dry, and red skin,
— profuse perspiration.

— cramps,
— headaches,
— nausea, and

— fainting.

The following criteria will be used to institute heat stress

controls (increase resting breaks, stop work, etc.).

• Heart rate >110 bpm (beats per minute) at beginning of rest

period; shorten next work cycle by one—third.

• Heart rate >90 bpm at 3 minutes into rest period; shorten next

work cycle by one—third.

• Oral tperature >99.6°F at beginning of rest period; shorten

next work cycle by one—third.
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• Oral tperature >100.6°F at any time; rove iermeable
clothing and begin rest period until tamperature drops to
99.6°F.

6.3 Frostbite Control and Monitoring Program

During cold conditions, the Radian Superczising Geologist and members
of the field team must be alert for the signs and symptoms of frostbite.
Frostbite occurs when part of the body is affected by below freezing tpera—

tures. The flow of blood to the affected area(s) stops, and skin cells may be

permanently damaged in severe cases. It is possible that sudden weather

changes may occur during the scheduled field activities with freezing

tamperatures, high winds and wind chill factors. Frostbite could easily

result if proper precautions are not taken. The symptoms of frostbite are

hard, pale, cold skin that becomes red and painful when thawed out. Hands.

feet, nose and ears are most susceptible.

To avoid frostbite, it is iortant to wear several layers of warm

clothes under a windproof outer garment such as the Tyvek coverall. Also make

sure that the face, hands, and feet are protected. These precautions are also

effective for prevention of hypothermia which may occur under similar
conditions.

If frostbite occurs:

• Get the victim medical attention as soon as possible;

• Provide shelter from wind and administer warm drinks;

• Cover frozen areas with additional clothing or blankets;

• Encourage gradual, gentle movement, but do not allow the person
to walk if the feet are frozen;
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• Do not use direct heat or rub the frostbitten area(s); and

• Do not put frostbitten areas under warm or t water.
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7.0 WORK ZONES A1 DEN1ANINkTION PROCEDURES

To tai.nimize the transfer of possible hazardous substances from the
site, contamination control procedures are needed. Contaminants .tst be
removed from clothing, personnel, and equipment prior to relocation from a
work zone. For drilling activities, a formal series of work zones, centering
on the borehole and rig, will be established. These zones are described in

the following subsections. For all other activities, the general. sampling

equipment and personal protection equipment decontamination procedures

described in Section 7.2 will be followed. Decontamination will be fully

completed prior to moving off site.

7.1 Work Zones

Prevention of exposure and spread of contamination will be control-

led through establishment of work zones. Three work zones will be used in
this project: 1) Exclusion Zone, 2) Decontamination Zone, and 3) Support Zone.

7.1.1 Exclusion Zone

The Exclusion Zone is the area where disturbance activities (monitor
well installation or coring activity) are conducted and where contaminants and
physical hazards may be present. Only properly trained individuals who are
wearing appropriate personal protection equipment will be allowed to enter and
work in this zone. The size of the Exclusion Zone will be established by the
Radian Supervising Geologist based on site—specific conditions, but generally
includes the area within a 25—foot radius of the drill sire.

7.1.2 Decontamination Zone

The Decontamination Zone is a corridor which leads from the Exclu-
sion Zone to the Support Zone. This corridor will contain wash buckets, solid
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waste disposal containers, brushes, and equipment drop tarps. All decontamina-

tion activities will occur in this area.

7.1.3 Support Zone

The Support Zone is the area where the field team will reside when
not performing site work. This area is to be used for eating. equipment

storage, and staging. It is extremely important to locate the Support Zone in

aix area that is Iciown to be free of contamination and as far upwind from the
drill site as practical (at least 50 feet).

7.2 Decontamination Procedures

Equipment Decontamination Procedures

Equipment (spades, bailers. shovels) .tst be decontaminated before
they mey be used at other sites. Usually, a water washing in a detergent
solution followed by a potable water and distilled water rinse will be su.ff i—
cient to remove contaminants. Occasionally, washing with acetone or other
solvents may be required. Remember, some solvents are toxic or extremely
flammable and should be used with caution.

Rig Decontamination Procedures

1. Use a high pressure water wash to remove site contaminants from
the drill rig and associated equipment (auger flights).

2. Set up wooden pallets and lay flights down to wash with the
high pressure water. Remember to wear splash goggles during
this activity.
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Personal Protective Equipment Decontamination Procedures

1. Remove outer gloves and dispose in trash container. iard hats,
safety glasses, and boots should be cleaned at the end of the

day. Set up wash and rinse stations within the Decontamination

Zone using detergent, potable water, and brushes.

2. Remove and dispose Tyvek. Continue wearing boots, undergioves,

and respirator.

3. Remove undergioves and respirator in the Support Zone.

4. Respirators must be disassembled and washed with detergent at

the end of each work shift.

5. Disposable garments and spent respirator cartridge should be

deposited in covered containers for eventual disposal.
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8.0 E€RGENC'1 RESPONSE A C4JNI CATION PLAN

The obj ective of the emergency response and comnicat ion plan is to
ensure that the field team knows bow to contact emergency help quickly. The
Radian Supervising Geologist will determine how to access the base emergency
response network by coordinating with the Air Force Point of Contact.

8.1 Emergency Medical Response

Before beginning site activities make sure that each field team

member knows where the nearest emergency medical facility is and how to get

there.

• Locate the closest telephone;

• Post the telephone number of the nearest ambulance service
(private or military);

• Make sure that the field team is aware of the location of a

first aid kit and eyewash; and

• The Radian Supervising Geologist should be prepared to handle

minor injuries.

8.2 Fire Emergency Procedures

The threat of fire on this particular project is considered slight
because any contaminated material will be aqueous or solid. Fire hazards

will, however, exist in the following activities:

• Equipment refueling;

• High pressure water cleaning fuel storage and refueling

activities;

8—1
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