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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE CENTER FOR ENVIRONMENTAL EXCELLENGE
BROOKS AIR FORCE BASE TEXAS
05 July 2002

MEMORANDUM FOR RUBEN MOYA (EFPA REGION 6)

FROM: Mr. Don Ficklen
HQ AFCEE/ERD
3207 Sidney Brooks
Brooks AFB, TX 78235

SUBJECT: Naval Air Station Fort Worth Joint Reserve Base
Draft Final Risk Assessment Assumptions Document
Northern and Central Lobes of the TCE Plume
EPA ID No. TX7572024605
TNRCC Hazardous Waste Permit No. HW-50289

Dear Mr. Moya,

Two copies of the Draft Final Risk Assessment Assumptions Document (RAAD) for the Northern and
Central Lobes of the Trichlorocthene Piumes at NAS Fort Worth JRB in Fort Worth, Texas arc enclosed
for your review. The RAAD presents the methodology that will be used to conduct the risk assessment.
The RAAD is intended to expedite the risk assessment process by eliminating any differences that may
cxist between the regulators and the Air Force conceming the risk assessment approach.

Please fecl free to distribute this document to any of the EPA risk assessors who will be involved in the
development of the report. The southern lobe Risk Assessment was reviewed primarily by Cheryl
Overstreet from your office. I assume that you will be submitting one set of comments collectively from
Gary Miller, any risk assessors, and yourself. These comments, along with the comments from the
TNRCC reviewers can be either submitted in writing, or if you prefer, a conference call can be held
among all the involved parties to answer any questions or comments.

Should you have any questions regarding this report, please contact me at (210) 536-5290.

Sincerely,

r

Mr..Don Ficklen
Restoration Team Chief

L&

%@

Printed on Recycled Paper



cc:
Mr. Gary W. Miller
EPA Region 6

1445 Ross Avenue, Suite 1200

Dallas, TX 75202-2733

Ms. Luda Voskov

TNRCC

Attn: Ms. Voskov (MC 143)
Building D

12100 Park 35 Circle
Austin, TX 78753

Mr. Mark Weegar (2 copies)
TNRCC

Atin: Mr. Weegar (MC 127)
Building D

12100 Park 35 Circle
Austin, TX 78753

Mr. Tim Sewell

TNRCC Region IV

1101 E. Arkansas Lane
Arlington, TX 76010-6499

Mr. Ray Risner
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TNRCC

Attn: Mr. Ray Risner (MC 127)
Building D

12100 Park 35 Circle

Austin, TX 78753

Mr. George Walters

ASC/EMVR

Bldg. 8

1801 10™ Street

Wright-Patterson AFB, OH 45433-7726

Michael Dodyk, P.E.

HQ AFCEE/ERD

Building 1619

NAS Fort Worth JRB, Texas 76127

Mr. Charles C. Pringle, P.E.
HQ AFCEE/ERB

3207 Sidney Brooks

Brooks AFB, TX 78235-5363

Ms. Andy Anders

HQ AFCEE/ERC

3207 Sidney Brooks

Brooks AFB, TX 78235-3363

Ms. Audrie Medina

Booz Allen Hamilton

300 Convent Street, Suite 1250
San Antono, TX 78205
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HydroGeoLogic, Inc. Memorandum

TO:

DATE:

SUBJECT:

All parties previously involved in the Review of the Baseline Risk Assessment for
the Focused Feasibility Study, Former Carswell AFB, Texas

July 5, 2002

Significant Changes in Approach between Northern and Southern Lobe Risk
Assessments

In order to expedite the review this document, the following major differences between the recently
completed risk assessment on the Former Carswell AFB and the approaches described in this Risk
Assessment Assumptions Document (RAAD) are provided below

Inclusion of industrial/commercial workers in addition to maintenance workers on
NAS Fort Worth.

For calculation of exposure point concentrations for current exposure to surface
water, pooling the seep data with the surface water data

Use of the groundwater modeling results to estimate the future exposure point
concentrations of TCE in groundwater and in the West Fork Trinity River.
Development of an appropriate dilution factor to address dilution of the groundwater
by the river flow (Section 3 2)

Use of summa canister data instead of Johnson and Ettinger model for inhalation of
soil gas vapors (Section 3.3)

For residents on the NAS Fort Worth property, use of adult and child receptors for
both cancer risks and non-cancer hazards instead of child receptor for non-cancer
hazards and age-adjusted receptor for cancer risks. This approach was used because
it is highly unlikely that the same individual would live on-base as a child and be
stationed there as an adult (Tables 5.1 and 5 2).

For adult resident on NAS Fort Worth property, use of the 50" percentile exposure
duration (9 years) instead of the 95 percentile. Because military personnel are
transferred frequently to different mstallations, it is highly unlikely that an onsite
resident would spend 30 years living on NAS Fort Worth (Table 5 1 and 5.2).

Use of Virginia DEQ construction trench model to estimate exposure of construction
workers to volatiles in a construction trench (Section 5.4).

1155 Herndon Parkway, Swuite 900, Herndon, VA 20170
(703) 478-5186 FAX (703) 471-4180
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RISK ASSESSMENT ASSUMPTIONS DOCUMENT
NORTHERN AND CENTRAL LOBES OF THE
TRICHLOROETHENE PLUME >
NAS FORT WORTH JRB, TEXAS
JULY 2002

1.0 INTRODUCTION

The intent of this project is to perform a Human Health Risk Assessment (HHRA) and an
Ecological Risk Assessment (ERA) to evaluate risks posed by contamination present at the
Naval Air Station (NAS) Fort Worth Joint Reserve Base (JRB) section of the former Carswell
Air Force Base (AFB). This Risk Assessment Assumptions Document (RAAD) has been
prepared in order to obtain concurrence from the regulatory agencies on the proposed manner
in which the HHRA and ERA will be performed. This risk assessment will follow the format
of the previously approved HHRA and ERA for the Southern Lobe Trichloroethene (TCE)
Plume (HydroGeoLogic, 2001a) with the exceptions noted in this document.

The risk assessment is intended to reflect appropriate guidance provided by U.S.
Environmental Protection Agency (EPA) (1989, 1995, and 1998) for human health risk
assessment and guidance provided by the Texas Natural Resources Conservation Commission
(TNRCC) (2000) for ecological risk assessment. EPA’s Part D risk assessment guidance
(1989) provides standardized tables that present data and calculated values that are to be used
in the risk assessment. Part D guidance will be used to present the majority of the risk
assessment. However, since the Terrace Alluvium groundwater risk characterization will take
the form of risk isopleth maps rather than single numerical estimates of risk, some of the risk
characterization will not specifically conform to the Part D format.

1.1  SITE LOCATION

The NAS Fort Worth JRB is located on 2,264 acres of land in Tarrant County, Texas, eight
miles west of downtown Fort Worth (Figure 1.1). The base is bordered by Lake Worth to the
north; the West Fork Trinity River, River Oaks, and Westworth Village to the east; the
Carswell Golf Course [Base Realignment and Closure (BRAC)] property to the south; other
urban areas of Fort Worth to the northeast and southeast; White Settlement to the west and
southwest; and Air Force Plant 4 (AFP4) to the west (Figure 1.2).

1.2  SITE HISTORY AND PRIOR INVESTIGATIONS
1.2.1 Air Force Plant 4
AFP 4 was placed on the National Priority List in August 1990 because of a large release of

TCE arising from past disposal practices at AFP 4. While the source areas are currently being
remediated under Comprehensive Environmental Response, Compensation, and Liability Act

U.S. Air Force Center for Environmental Excellence
F \Deliverables\AFCEE\DO26\RAADARDG-02 853 doc 1-1 HydroGeoLogse, Inc 773402
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(CERCLA) among the EPA Region IV, the TNRCC, and Aeronautical Systems Command, the
dissolved TCE plume appears to have migrated toward the east of AFP 4 and extends under
NAS Fort Worth JRB and the Former Carswell AFB. The regional TCE plume can be
subdivided into northern, central, and southern lobes. The northern lobe is migrating
primarily eastward from an AFP 4 source area. The southern lobe is migrating in a southeast
direction and appears to follow a paleochannel of the West Fork Trinity River (Parsons, 1998).
A risk assessment was completed on the southern lobe in May 2002, This risk assessment will
cover the remaining portions of the TCE plume on the NAS Fort Worth JRB.

The investigation of groundwater contamination beneath AFP4 was initiated in 1984, A
remediation investigation/feasibility study (RI/FS) for AFP4 was initiated in 1990 and the
completed RI/FS was approved in 1995. The proposed plan remedial action was issued in
1995 and the Record of Decision (ROD) signed in 1996 (CH2M Hill, 2000).

In March 1984, the Installation Restoration Program (IRP) was initiated at AFP4 by the U.S.
Air Force (USAF). The Phase 1 investigation identified 21 sites as sources of contamination.
Shallow groundwater contaminated with TCE beneath the East Parking Lot at AFP4 (just west
of the AFP4/NAS Fort Worth JRB boundary) was one of the 21 sites identified for remediation
under the IRP (CH2M Hill, 1984).

Additional studies were conducted by Hargis & Associates (Hargis & Associates, Inc., 1989)
and Radian (Radian, 1987) to evaluate the geology and to the determine presence, magnitude,
extent, direction, and rate of movement of any identified contaminants at AFP4, including the
East Parking Lot groundwater plume. As a result of these studies, the presence of TCE,
dichloroethene (DCE), and chromium in groundwater beneath the AFP4 East Parking Lot, and
the distribution of these contaminants from the AFP4 site onto NAS Fort Worth JRB, was
confirmed (CH2M Hill, 2000).

Currently several remediation and monitoring programs are in place or planned at AFP4:
. Electrical Resistance Heating at the Building 181 source area;

. Groundwater Pump and Treat at the East Parking Lot (just downgradient of the
Building 181 Source Area);

. Long Ter Monitoring of the TCE Plume;,

. Permeable Reactive Barrier (PRB) downgradient of Plant 4 in the southern lobe TCE
Plume; and,

. Additional delineating in the northern portion of AFP 4 (planned for 2003).

The locations of each remedial action is shown on Figure 1.3.

U.S. Air Force Center for Environmental Excellence
F \Dehverables\ AFCER\DO2GRAADVRDG-02 853 doc 1’2 HydroGeoLogic, Inc  7/5/02
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1.2.2 NAS Fort Worth JRB

Multiple investigations have been conducted at NAS Fort Worth JRB since the b'ase-relgteq
Solid Waste Management Units (SWMUSs) and Areas of Concern (AOCs) were first identified
in 1984. To date, 20 AOCs and 68 SWMUSs have been identified. Of these, 13 AQOCs and 43
SWMUs have been determined to require no further action and are currently considered closed
by the TNRCC. All SWMUs and AOCs are listed in Table 1.1 and Table 1.2, respectively.

Basewide groundwater sampling was initiated in April 1995 to monitor downgradient
groundwater plume extent and migration patterns while the various site investigations are
ongoing. Quarterly sampling was performed between April 1995 and April 1996 (Law
Engineering, 1996); and quarterly since January 1997 by CH2M Hill (CH2M Hill, 1996) and
HydroGeoLogic (HydroGeoLogic, 2001b). The sampling frequency was reduced to a semi-
annual schedule in 2001 based on the limited changes in the plume between quarters (Ellis,
2002a). To date, 22 sampling rounds have been conducted.

Eleven landfill areas are suspected to have operated at NAS Fort Worth JRB between 1942 and-
1975. These landfills were used for the disposal of municipal waste, construction debris (in
the form of concrete, asphalt, wood, and trees), nickel cadmium batteries, drums of waste
paints, thinners, oils, PD-680, medical waste, and potentially small amounts of undocumented
hazardous materials. Of these landfills, two are located within the TCE plume SWMU 17
(Landfill 7) and SWMU 29 (Landfill 2). Two other landfills, SWMUs 28 (Landfill 1) and
SWMU 30 (Landfill 9), are located downgradient of the TCE plume. The remaining landfills
are either located within the southern lobe of the TCE plume or in the southern portion of the
base that is not affected by the TCE plume.

A Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) of each
SWMU was performed in order to determine the nature and extent of soil contamination at
each of the subject SWMUs in accordance with the requirements outlined in the RCRA
Hazardous Waste Permit. To date, there have been no significant detections of chemicals of
potential concern (COPCs) at any of the landfills located within or potentially downgradient of
the northern lobe of the TCE plume.

One hundred thirty-one underground storage tanks (USTs) have been identified as having
potentially existed at NAS Fort Worth JRB. An evaluation of the records pertaining to the 131
USTs concluded that only 20 of the USTs required some form of action under the U.S. Air
Force IRP to achieve closure from the TNRCC and transfer of the regulatory responsibility for
compliance, where appropriate, to the Navy. These actions have included either a submittal of
previously collected site characterization data for TNRCC review or an investigation of current
site conditions. Currently, there are 13 USTs awaiting some form of approval action from the
TNRCC. All other USTs are closed (HydroGeoLogic, 1999).

U.S. Air Force Center for Environmental Excellence
F \Delsverables\AFCEE\DO26\RAAD\RDG-02.353 doc 1-3 HydroGeoLogic, lne  7/3/02
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Table 1.1
Solid Waste Management Units at NAS Fort Worth JRB, Texas

1 Pathological Waste Incinerator (NFA)

2 Pathological Waste Storage Shed (NFA) BRAC

3 Metal Cans (NFA) BRAC

4 Facility Dumpsters (NFA) BRAC

5 Building 1628 Waste Accumulation Area ERA

[ Building 1628 Wash Rack and Drain ERA

7 Building 1628 Qil/Water Separator (NFA) ERA

8 Building 1628 Sludge Collection Tank (NFA) ERA

9 Building 1628 Work Station Waste Accumulation Area (NFA) ERA

10 Building 1617 Work Station Waste Accumulation Area (NFA) ERA

11 Building 1617 Waste Accumulation Area (NFA) ERA

12 Building 1602 Waste Accumulation Area ERA

13 Building 1710 Visual Information Center Work Station Former Waste Accumulation ERA

Areas (NFA)

14 Building 1060 Bead Blaster Collection Tray (NFA) ERA

15 Building 1060 Paint Booth Vault (NFA) ERA

16 Building 1060 Waste Accumulation Area (NFA) ERA

17 Landfill No.7 ERA

18 Fire Training Area No.1 (NFA) BRAC
19 Fire Training Area No.2 BRAC/ERA
20 Waste Fuel Storage Tank BRAC/ERA
21 Waste Oil Tank BRAC/ERA
22 Landfill No.4 (NFA) BRAC
23 Landfill No.5 (NFA) BRAC
24 Waste Burial Area (NFA) BRAC
25 Landfill No.8 (NFA) BRAC/ERA
26 Landfill No.3 (NFA) ERA

27 Landfill No.10 (NFA) ERA

28 Landfill No.1 ERA

29 Landfill No.2 ERA

30 Landfill No.9 ERA

31 Building 1050 Waste Accumulation Area ERA

32 Building 1410 Waste Accumulation Area (NFA) ERA

33 Building 1420 Waste Accurmulation Area (NFA) ERA

34 Building 1194 Waste Accumulation Area (NFA) ERA

35 Building 1194 Vehicle Refueling Shop Oil/Water Separation System ERA

36 Building 1191 Waste Accumulation Area {NFA) ERA

37 Building 1191 Vehicle Mamntenance Shop Oil/Water Separation System ERA

38 Building 1269 Polychlorinated Biphenyl Transformers Building (NFA) BRAC

U.S. Air Force Center for Environmental Excellence ,
F \Deliverables\ AFCEE\DO2GRAADRDG-02 853 doc 1-4 HydroGeoLogic, Inc 1/3/02
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Table 1.1 (continued)

Solid Waste Management Units at NAS Fort Worth JRB, Texas

Building 1643 Waste Accumulation Area (NFA)

¢

ERA

40 Building 1643 Oil/Water Separation System (NFA) ERA
41 Building 1414 Oil/Water Separation System, Field Maintenance Squadron ERA
Aerospace Ground Equipment

42 Building 1414 Waste Accumulation Area (NFA) ERA
43 Building 1414 Non Destructive Inspection (NDI) Waste Accumulation Point (NFA) ERA
44 Building 1027 QilfWater Separation System at the Aircraft Washing Hangar ERA
45 Building 1027 Waste Oil Tank Vault at the Aircraft Washing Hangar (NFA) ERA
46 Building 1027 Waste Accumulation Area (NFA) ERA
47 Building 1015 Jet Engine Test Cell Oil/Water Separator ERA
48 Building 1048 Fuel Systems Shop Floor Drains (NFA) ERA
49 Aircraft Washing Area No.1 ERA
50 Aircraft Washing Area No.2 ERA
51 Building 1190 Central Waste Holding Area (NFA) ERA
52 Building 1190 Oil/Water Separation System ERA
53 Storm Water Drainage System (NFA) ERA
54 Storm Water Interceptors ERA
35 East Gate Qil/Water Separator ERA
56 Building 1405 Waste Accumulation Area (NFA) ERA
57 Buildings 1432/1434 Waste Accumulation Area (NFA) ERA
58 Pesticide Rinse Area (NFA) BRAC
.59 Building 8503 Weapons Storage Area Waste Accumulation Area BRAC
60 Building 8503 Radioactive Waste Burial Site (NFA) BRAC
61 Building 1320 Power Production Maintenance Facility Waste Accumulation Area ERA
62 Landfill No.6 ERA
63 Entomology Dry Well (NFA) ERA
64 French Underdrain System ERA
65 Weapons Storage Area Disposal Site (NFA) BRAC
66 Sanitary Sewer System (Basewide Coverage) BRAC/ERA
67 Building 1340 Oil/Water Separator (NFA) ERA
68 POL Tank Farm (NFA) ERA

Notes:

OPR - Office of Primary Responsibility

BRAC - Base Realignment and Closure

ERA - Environmental Restoration Account

NFA - No further action

POL - Petroleum, oil, and lnbricant

U.S. Air Force Center for Environmental Excellence
F \Deltverables\ AFCEE\DO26\RAADAROG-02 853 doc 1-5 HydroGeoLogsc, Inc  7/3/02
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Table 1.2
Areas of Concern at NAS Fort Worth JRB, Texas

ket

1 Former Base Service Station/Former Base Gas Station BRAC/ERA
2 Airfield Groundwater ERA
3 Waste Oil Dump (NFA) ERA
4 Fuel Hydrant System (NFA) ERA
5 Grounds Maintenance Yard (NFA) BRAC
6 RV Parking Area (NFA) ERA
7 Former Base Refueling Area (NFA) ERA
8 Aerospace Museum (NFA) BRAC
9 Golf Course Maintenance Yard (NFA) BRAC
10 Building 1064 Oil/Water Separator ERA
11 Building 1060 Oil/Water Separator ERA
12 Building 4210 O1l/Water Separator ERA
13 Building 1145 Oil/Water Separator (NFA) ERA
14 {nnamed Stream (NFA) BRAC
15 Building 1190 Storage Shed (NFA) ERA
16 Family Camp (NFA) BRAC
17 Suspected Former Landfill (NFA) ERA
18 Suspected Former Fire Traming Area A (NFA) ERA
19 Suspected Former Fire Training Area B ERA

Notes:

OPR - Office of Primary Responsibility

BRAC - Base Realignment and Closure

ERA - Environmental Restoration Account

NFA - No further action

U.S. Air Force Center for Environmental Excellence
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All reported or discovered UST-related releases involved fuel hydrocarbons including waste

oil, diesel, kerosene, jet fuel, and gasoline. Based on investigations performed at the UST.
sites, no evidence was found, or exists, to support any UST having coatributed chlorinated -

hydrocarbons to the site’s TCE plume. The only UST related site that requires active
remediation is AOC 1. AOC 1 is comprised of a former Base Gas Station (closed in 1989) and
a re-activated Base Service Station. Both facilities had fuel hydrocarbon releases but the
release from the Base Service Station (early ‘90s) created a dissolved hydrocarbon plume that
extends off-site and is encroaching on the West Fork Trinity River. The COPC from this
release is benzene. All other COPCs are either below the TNRCC screening levels or fall
below acceptable risk (Plan B) levels. Benzene, toluene, ethylbenzene, and xylenes (BTEX)
levels are decreasing from natural attenuation, and a pump and treat system will be installed to
provide hydraulic control of the plume in 2003. No other remedial activities are planned for
any of the remaining UST sites (HydroGeoLogic, 2002a).

There have been 16 Waste Accumulation Areas (WAA) investigated at NAS Fort Worth JRB.
Of these investigations, one WAA, SWMU 12, indicated evidence of groundwater
contamination. All other WAAs have been closed or have been recommended for closure
under the TNRCC Risk Reduction Standard (RRS) Program. During the investigation of
SWMU 12, elevated levels of benzene were detected. Hot spot removals were completed at
SWMU 12 and further sampling has indicated that benzene levels have decreased. Based upon
the sampling results, HydroGeoLogic has requested closure of SWMU 12 under RRS2. Final
status of SWMU 12 is pending TNRCC review (Ellis, 2002b).

A total of 21 oil/water separators (OWS) have been investigated at NAS Fort Worth JRB. Of
these, seven OWS have been granted no further action status by the TNRCC. A final RFI
report requesting closure for 13 OWS has been submitted to TNRCC. Final status of these
OWS is pending TNRCC review (IT Corporation, 1998).

1.3 ORGANIZATION OF RAAD
The RAAD consists of the following sections:

Section 2: Conceptual Site Model (CSM) for the HHRA and ERA;
Section 3: Data Compilation and Evaluation;

Section 4: Exposure Point Concentrations;

Section 5: Human Intake Assumptions and Exposure Quantification;
Section 6: Toxicity Assessment;

Section 7: Risk Characterization; and

Section 8: Ecological Risk Assessment.

U.S. Air Force Center for Environmental Excellence
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2.0 CONCEPTUAL SITE MODEL /

‘J
F R

The CSM describes the contaminant source(s) of a site and how these contaminants are
transported or altered over time, The CSM also includes possible pathways by which potential
receptors, human and ecological, may be exposed to the various contaminants. The elements

necessary to construct a complete exposure pathway and develop the conceptual model include:

"~

Land use scenarios and potential receptors (both current and future)
*  Contaminant sources

Transport pathways

Exposure pathway scenarios

2.1 LAND USE SCENARIOS AND POTENTIAL RECEPTORS
2.1.1 Current Land Use Scenarios and Potential Receptors

NAS Fort Worth JRB is an active military installation. As typical of active military
installations, the property encompasses a wide range of land uses. On the installation there are
stores, restaurants, work areas, offices, construction projects, and residences. To the south of
NAS Fort Worth JRB is the portion of the former Carswell AFB that is designated for transfer
under the BRAC program. The risks associated with the BRAC property were assessed under
the Southern Lobe TCE Plume Risk Assessment and its addenda (HydroGeoLogic, 2001a).
The BRAC property will be used as a golf course. South of the golf course is a residential
area. To the north, NAS Fort Worth JRB is bounded by Lake Worth. Lake Worth serves as a
drinking water supply for the City of Fort Worth. Along the western boundary of the Naval
Air Station is AFP4, an industrial facility currently operated by Lockheed. To the east, the
NAS Fort Worth JRB boundary abuts the West Fork Trinity River. This river may be used for
recreational purposes, and is also classified for drinking water use. East of the river is a
residential area. Thus, the land uses on and surrounding NAS Fort Worth JRB are residential,
industrial, commercial and recreational.

Beneath the site is a shallow aquifer known as the Terrace Alluvium and a deeper aquifer
called the Paluxy Aquifer (Figure 2.1). In some parts of Tarrant County along the Trinity
River, groundwater from the Terrace Alluvium may be used for irrigation and by residents.
However, due to limited distribution, poor yield and susceptibility to surface and stormwater
pollution, the Terrace Alluvium is not often used as a potable water source. No potable water
supply wells are completed in the Terrace Alluvium on or within 0.5 miles of NAS Fort Worth
JRB. The current land use scenario does not include the use of the Terrace Alluvium
groundwater.

The Paluxy Aquifer is a source of potable water for many of the communities surrounding
NAS Fort Worth JRB, including the community of White Settlement located south of the site.
At the moment, there are no drinking water wells completed in the Paluxy Aquifer on or
within 0.5 miles of NAS Fort Worth JRB. The installation obtains its potable water from the

U.S. Air Force Center for Environmental Excellence
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City of Fort Worth, which draws its water from Lake Worth. The current land use scenario
does not include the use of the Paluxy Aquifer groundwater.

Based on the current land use of NAS Fort Worth JRB, the following current receptors have
been identified:

Omsite residents (child and adult)
-Onsite maintenance worker (adult)
Onsite industrial/commercial worker (adult)
Construction worker (adult)
Site visitor (adult)
Recreational user (offsite, adult and child)

2.1.2 Future Land Use Scenarios and Potential Receptors

There are no plans to change the land use at NAS Fort Worth JRB. Therefore, it is assumed
that the future land use on NAS Fort Worth JRB will be a mixture of industrial, commercial
and residential uses similar to what currently exists on site. Even though it is unlikely that
NAS Fort Worth JRB would use the Terrace Alluvium as a potable water supply in the future,
the risk assessment will conservatively include this use of groundwater. The risk assessment
will also consider the possible future use of the Paluxy Aquifer beneath the installation as a
potable water source. It is assumed that the West Fork Trinity River would be used for
recreational purposes in the future. Because the local municipalities obtain potable water from
either Lake Worth or the Paluxy Aquifer, it is unlikely that the West Fork Trinity River would
be used by local residents as a potable water source. This river, however, is considered to
have the potential to be a potable water supply. Therefore, to be conservative, it will be
assumed that a future offsite resident may use the West Fork Trinity River as a potable water

supply.
2.2 CONTAMINANT SOURCES

As described in Section 1.2, multiple field investigations have been conducted at NAS Fort
Worth JRB over the past several years. Based on these prior field investigations, a number of
contaminant sources have been identified across the installation.

2.2.1 Groundwater

Prior waste solvent disposal practices at AFP 4 resulted in the release of a large volume of
TCE. Over the years, this TCE source generated a plume of groundwater contamination in the
Terrace Alluvium that extends eastward from AFP 4 across NAS Fort Worth JRB and the
BRAC property (Figure 2.2). The plume is divided into northern, central and southern lobes.
Risk assessment and remediation of the southern lobe, which is beneath the BRAC property,
was addressed under a separate Risk Assessment and an on-going Feasibility Study (FS)
(HydroGeoLogic, 2001a). Remediation of the source areas at AFP 4 is being performed as

U.8. Air Force Center for Environmental Excellence
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described in Section 1.2.1. The ROD is currently undergoing its mandatory five year review
by Jacobs Engineering. The review should be published in early 2003. The: risk assessment
described by this document will consider only the northern lobe of the plume on NAS Fort
Worth JRB.

In addition to the TCE plume, there have been other, smaller, plumes on NAS Fort Worth JRB
in the Terrace Alluvium. Because of the extent to which the TCE plume has traveled, some of
the smaller plumes have commingled with the TCE plume, At one time, leaking USTs
resulted in four small benzene plumes. Concentrations of BTEX in three of these plumes have
decreased to below detection limits. The risk assessment and remediation of the fourth plume
at AOC 1 is being addressed under the Petroleum Storage Tank division of the TNRCC
(HydroGeoLogic, 2002a).

2.2.2 Soil

Since 1942, most hazardous waste generated through operations and activities at the NAS Fort
Worth JRB have been disposed of in landfills, reused on base, or processed through the
Defense Property Disposal Office for off-base recycling or disposal. The prior investigations
of the different SWMUs and AOCs identified on the NAS Fort Worth JRB property is
described in Section 1.2. Based on the investigation of these SMWUs and AOCs, soil
contamination is scattered across the installation in discrete areas undergoing RFI or Site
Investigations (SI). To date 56 SWMUSs and AOCs have been determined to require no further
action. For this closure determination to be accepted by the TNRCC, it must be demonstrated
that the site does not pose a threat to either human health or ecological receptors. In other
words, it is necessary to demonstrate that the concentrations of soil contaminants are either at
background levels or are below risk-based concentrations. For the SWMUSs and AOCs that are
still under investigation, the data collected during their field investigations will be evaluated to
determine if each site may be closed or if action is required to ensure protection of human
health and the environment., If any of these sites cannot be closed with existing soil
concentrations, the site will be remediated as necessary to reduce contaminant levels to the
point that they no longer pose a threat to human health or the environment. Either through
closure under no further action or closure after remediation, the risks associated with each
open SWMU and AOC will be addressed as part of the RFI process for that site. For this
reason, this risk assessment will not include exposure to soil.

2.2.3 Stormwater and Surface Water

Stormwater runoff from NAS Fort Worth JRB is another potential source of contamination.
Most of the base drainage is intercepted by a series of storm drains and culverts, directed to
OWSs, and discharged to the West Fork Trinity River downstream of Lake Worth. This part
of the stormwater drainage system is being addressed under the RFI process for SWMU 54. A
small portion of the north end of the base drains directly into Lake Worth through an outfall
that is permitted under the National Pollutant Discharge Elimination System. Monitoring
results for this outfall document compliance with permit discharge limitations (IT Corporation,

U.8. Air Force Center for Environmental Excellence
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1997). The remaining stormwater runoff from NAS Fort Worth JRB drains east towards the
West Fork Trinity River or Farmers Branch Creek on the BRAC property.

No other surface water on the facility serves as a contaminant source.
2.3 TRANSPORT PATHWAYS

The contaminant sources and transport pathways are summarized in Table 2.1 and are
described in the sections below.

2.3.1 Groundwater

Contaminants in groundwater will move with the groundwater flow away from the source area.
As demonstrated by the distance from the source area under AFP 4 that the TCE plume has
traveled, groundwater flow within the Terrace Alluvium is a primary transpost process at NAS
Fort Worth JRB. The estimated hydraulic conductivity of the Terrace Alluvium groundwater
is 2 ft/day to 280 feet (ft)/day based on pumping and slug tests (HydroGeoLogic, 2000a).
Although the Terrace Alluvium tends to flow east towards the West Fork Trinity River,
localized variations in flow direction exist across the site (Figure 2.3). In addition, there are
paleochannels across the site that create discrete areas of more rapid groundwater flow. The
influence of these paleochannels is shown in the fingering of the leading edge of the plume
(Figure 2.2). Groundwater in the Terrace Alluvium discharges into the West Fork Trinity
River and Farmers Branch Creek. Farmers Branch Creek, which was included in the risk
assessment for the BRAC property, flows across the BRAC property and NAS Fort Worth
JRB, and then discharges to the West Fork Trinity River. The TCE plume has not reached the
point of discharge to the West Fork Trinity River. In order to estimate the potential future
impact of the TCE groundwater plume on the surface water in the West Fork Trinity River,
HydroGeoLogic modeled the movement of the plume. The results are summarized in the Draft
Report Simulation of Groundwater Flow and TCE Transport in the Terrace Alluvial Aquifer in
the Vicinity of the Northern Lobe TCE Plume, NAS Fort Worth JRB, Texas (HydroGeoLogic,
2002b). Based on the model, it is predicted that the TCE plume will reach the West Fork
Trinity River in approximately five years (HydroGeoLogic, 2002b).

Recharge to the Terrace Alluvium occurs through infiltration from precipitation and from
surface water bodies. Extensive on-site pavement and construction restricts this recharge.
Additional recharge, however, potentially comes from leakage in water lines, sewer systems,
storm drains, and cooling water systems. This inflow of water to the shallow aquifer locally
affects groundwater flow patterns and contamination migration (HydroGeoLogic, 2002c).

Vertical flow between the Terrace Alluvium and the Paluxy Aquifer is restricted by the
Goodland/Walnut Formations sandwiched between the aquifers. Except for a small area on the
installation, called the “window”, there is no significant hydraulic connection between the
Terrace Alluvium and the Paluxy Aquifer. Groundwater data indicate that vertical transfer of
contaminants from the Terrace Alluvium to the Paluxy Aquifer in the window area is minimal
(HydroGeoLogic, 2002c).

U.S. Air Force Center for Environmental Excellence
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Movement of
contaminants in the

Terrace Alluvium with
the groundwater flow.

Table 2.1
Transport Pathways

Because there are no potential offsite receptors between the NAS Fort Worth
JRB property boundary and where the plume would intercept the West Fork
Trinity Raver, the only receptors potentially exposed to groundwater
contaminants would be onsite receptors.

The contaminant concentrations would be diuted by recharge (precipitation;
and leaking water lines, sewers and cooling systems), advection, and
dispersion.

23

Volatilization of
contaminants from the
Terrace Alluvium
groundwater into the soil
gas. Movement of these

For the reason noted above, the only receptors potentially exposed to
contaminants in the soil gas from the groundwater plume would be onsite.

Groundwater volatiles upwards through

the soil and into

buildings.

Discharge of the Terrace | This discharge occurs offsite. This pathway will be evaluated only for offsute

Alluvium groundwater receptors. Because risks associated with chemicals detected in Farmer's

into the West Fork Branch Creek were evaluated in the risk assessment for the BRAC property,

Trinity River and Farmer's Branch Creek will not be considered 1n the risk assessment for the

Farmer's Branch Creek. Northern Lobe TCE Plume,

Vertical transport of In the Paluxy Aquifer, contaminants would be difuted by advection and

contaminants from the dispersion.

Terrace Alluvium to the

Paluxy Aquifer.

Leaching to groundwater | Because risks due 10 contamination in the soils are being addressed through the
RCRA closure process, the soil-to-groundwater pathway will not be addressed

Soil in the risk assessment for the Northern Lobe TCE Plume.

Volatilization and fugiive | Because risks due to contamination 1n the soils are being addressed through the

dust emissions from RCRA closure process, the soil-to-air pathway will not be addressed 1n the

surface soil. risk assessment for the Northern Lobe TCE Plume.

Discharge to Lake Worth | Any contaminants discharged to Lake Worth would be substantially diluted and
would commingle with contaminants from other sites and facilities adjacent to
Lake Worth. For these reasons, this risk assessment will not consider
exposure (o surface water in Lake Worth.

Discharge to Farmer's Because risks associated with chemicals detected in Farmer's Branch Creek

Branch Creek were evaluated in the risk assessment for the BRAC property, Farmer's
Branch Creek will not be considered in the risk assessment for the Northern
Lobe TCE Plume,

Discharge to West Fort Dissolved contaminants will be diluted by the river when the stormwater

Stormwater Runoff | 17inity River runoff first mixes with the West Fork Trinity River. Within the river, the

dissolved contarminants will be diluted by advection and dispersion as the
contaminants are transported downstream. Dissolved contaminants may be
removed from solution by sorption to sediment or by chemical precipitation.
Contaminants associated with turbidity may settle out of solution and become
sediment. These particles may be re-suspended and transported downstream
during periods of high river flow. In addition, contaminants associated with
the sediment may dissolve into the surface water.

Contaminants may volatilize from the surface water to the ambient air.
Because dispersion and dilution would quickly dilute air concentrations, the

surface water-to-air pathway will not be evaluated in the risk assessment.
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Because the Terrace Alluvium is a shallow, unconfined aquifer, volatile compounds may
transfer out of solution and move vertically through the soil column. These volatiles may
accumulate within basements of buildings that are located above the plume. Because the
Paluxy Aquifer is a confined aquifer, the soil gas transport pathway does not apply to this
deeper aquifer.

2.3.2 Soil

Contaminants present in the surface and subsurface soils may be leached into the deeper soil
horizons by infiltrating precipitation. Eventually, these contaminants may leach into the
Terrace Alluvium groundwater. As part of the RFI process for each SWMU and AOC, it is
necessary to evaluate the soil-to-groundwater pathway and to ensure that this transport pathway
does not pose a threat to groundwater quality. Because the RFI and closure process consider
the risks associated with the soil-to-groundwater pathway for the contaminated soils at NAS
Fort Worth JRB, this pathway will not be included in this risk assessment. In addition, the
transfer of contaminants from the surface soil to air through volatilization and fugitive dust
emissions will not be considered for the same reason.

2.3.3 Stormwater

Contaminants associated with the surface soil in the SWMUs and AOCs may dissolve into or
be eroded by stormwater runoff. As described in Section 2.2.3, the stormwater on NAS Fort
Worth JRB discharges into Lake Worth, Farmers Branch Creek, and the West Fork Trinity
River. Soil particles carried by the stormwater runoff into Lake Worth will settle out of
solution on to the lake bottom. Chemicals dissolved in the stormwater runoff that discharges
to Lake Worth will be quickly diluted by the large volume of the lake. A polychlorinated
biphenyl advisory was posted in August 2001 advising against consuming any fish caught in
the lake. The U.S. Geological Survey (USGS) has conducted sediment, surface water and fish
tissue sampling to assess water quality. Their research is on-going and a report will be
published in the Fall 2002. Based on groundwater flow maps and contaminant isopleth maps
(Figures 2.2 and 2.3), there is no evidence that the TCE, DCE or vinyl chloride plumes are
discharging to Lake Worth. Since there is no connection between the plumes and the lake, and
because the lake is being addressed by the USGS under a separate (and more comprehensive)
investigation, this surface water body will not be addressed as part of this risk assessment.

The West Fork Trinity River flows along the eastern border of NAS Fort Worth JRB and
serves as a groundwater discharge point for the Terrace Alluvium aquifer on NAS Fort Worth
JRB. Contaminants in the stormwater runoff from NAS Fort Worth JRB may be transported
into West Fork Trinity River either dissolved in solution or associated with eroded particles.
The Terrace Alluvial groundwater may transport dissolved contaminants to the river through
the groundwater seeps. Once within the West Fork Trinity River, dissolved contaminants may
be moved downstream with the surface water flow. Contaminants associated with eroded
particles may settle onto the river bottom in places of quiescent flow, and may then be re-
suspended with the particles during periods of high flow. During this downstream transport,
the concentration of dissolved contaminants witl decrease through dilution and dispersion. The

U.S. Air Force Center for Environmental Excellence
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concentration in the sediment will also decrease because of differential settling by the particles
to which a contaminant may have adsorbed. This risk assessment will use surface water, seep,
and sediment data to evaluate the risks posed by contaminants that are present in ‘the West Fork
Trinity River.

Volatile contaminants entrained in the storm water runoff and discharged into the surface
waters may volatilize into the ambient air. Dilution and dispersion will rapidly reduce the
concentration of any airborne contaminants that volatilize from the stormwater runoff and the
receiving surface water bodies. Therefore, this risk assessment will not consider volatilization
from surface water to air.

2.4 EXPOSURE PATHWAY SCENARIOS

In this section, the specific routes by which a receptor may be exposed to contaminants is
described. Because exposure to soil will be evaluated separately for each SWMU and AOC
that is still under investigation, the soil exposure pathway scenarios will not be quantitatively
evaluated in this risk assessment. For each land use timeframe, current and future, the
exposure pathways are described below.

2.4.1 Current Exposure Pathway Scenarios

The groundwater exposure pathway under the current land use scenario does not include the
use of groundwater as a potable water supply. Therefore, the only routes by which a receptor
may be exposed to groundwater contaminants are inhalation of vapors from the soil gas, and
contact with and inhalation of groundwater contaminants during excavation. These pathways
apply only to the Terrace Alluvium. With respect to the Paluxy Aquifer, there is no complete
groundwater pathway in the current land use scenario.

Recreational users may be exposed to surface water and sediment in the West Fork Trinity
River during swimming. It is also assumed that recreational users may eat fish that they catch
in the West Fork Trinity River. In addition, it is assumed that construction activities will not
take place in the West Fork Trinity River adjacent to NAS Fort Worth JRB. Therefore, the
only receptor that has the potential for exposure to contaminants in the West Fork Trinity
River under the current land use scenario is the recreational user.

Maintenance workers may be exposed to stormwater in the stormwater collection system while
performing routine maintenance activities. The stormwater collection system is being addressed
under the RFI process for SWMU 54. Therefore, exposure to surface water and sediment by
the maintenance worker will not be quantitatively evaluated in this risk assessment.

The exposure pathways and individual receptors under the current land use scenario are
described below and summarized in Table 2.2.

U.S. Air Force Center for Environmental Excellence
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. Onsite Resident: The child and adult onsite residents may inhale contaminants that
have volatilized from the plume, risen through the soil column, and accumulated in the
basement of a house. Because residents of military installations do not spend both
childhood and adulthood on the same facility, the age-adjusted resident will not be used
to evaluate carcinogenic risks. Instead, the adult resident and child resident will be
used to evaluate both cancer and non-cancer effects.

. Industrial/Commercial Worker: The onsite industrial/commercial worker may inhale
contaminants that have volatilized from the plume, risen through the soil column, and
accumulated in the basement of an office building or store.

. Maintenance Worker: The onsite maintenance worker may inhale contaminants that
have volatilized from the plume, risen through the soil column, and accumulated in the
basement of an office building, Because maintenance workers spend part of the day
outside, their exposure should be bounded by the industrial/commercial workers who
spend the entire work day inside. Therefore, the maintenance worker’s exposure to soil
gas will not be evaluated separately.

. Construction Worker: The onsite construction worker may be exposed to shallow
groundwater that is encountered during excavation of pits or trenches. Because it is
assumed that the construction worker will work outside, the construction worker will
not be exposed to soil gas that accumulates within basements.

. Site Visitor: The site visitor may be exposed to contaminants that have volatilized from
the plume, risen through the soil column, and accumulated in the basement of an office
building, store or onsite residence. Because the site visitor’s exposure is bounded by
the exposure for the onsite worker, the site visitor will not be evaluated separately
unless the onsite worker scenario results in unacceptable levels of risk.

. Recreational User: The offsite recreational user may be exposed to surface water and
sediment in the West Fork Trinity River during swimming. Although unlikely, it is
possible that a recreational user may catch and eat fish from the West Fork Trinity
River, this exposure pathway will also be considered.

2.4.2 Future Exposure Pathway Scenarios

In addition to the exposure pathways evaluated under the current land use scenario, the future
exposure pathways will include the use of the Terrace Alluvium, the Paluxy Aquifer and the
West Fork Trinity River as potable water sources.

The exposure pathways associated with these scenarios are described below and summarized in
Table 2.2. All of the exposure pathways described in the previous section will be included in
the future use scenarios. The description of these pathways will not be repeated in this section.

U.S. Air Force Center for Environmental Excellence
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. Onsite Resident (adult and child): Through the use of groundwater on tHe!site for
drinking and bathing purposes, the child and adult resident may be exposed to
contaminants in the groundwater through ingestion, dermal contact and inhalation (adult
only, while showering). The risk assessment will evaluate the Terrace Alluvium and
Paluxy Aquifer as separate potable water sources.

. Industrial/Commercial Worker: Through the use of the site groundwater for potable
water, the industrial/commercial worker may be exposed to groundwater contaminants
via ingestion and dermal contact. Because it is assumed that an industrial/commercial
worker would not shower while on site, inhalation of volatiles from the groundwater
will not be evaluated. The risk assessment will evaluate the Terrace Alluvium and
Paluxy Aquifer as separate potable water sources.

. Maintenance Worker: Through the use of the site groundwater for potable water, the
maintenance worker may be exposed to groundwater contaminants via ingestion and
dermal contact. It is assumed that a maintenance worker would not shower while on
site. Because of the similarity in the exposure conditions, it is assumed that the
maintenance worker would have the same groundwater exposure as the industrial/
commercial worker.

. Construction Worker: It is assumed that the construction worker would not consume
potable water from the site, but would use a water cooler set up in a construction
support trailer. Therefore, the future construction worker will be exposed to
groundwater in the same manner as the current construction worker,

. Site Visitor (adult): Through the use of the site groundwater for potable water, the site
visitor may be exposed to groundwater contaminants via ingestion and dermal contact.
It is assumed that a site visitor would not shower while on site. As noted for the current
exposure pathways, the site visitor’s exposure will not be quantified unless the onsite
worker is exposed to unacceptable levels of risk.

. Recreational User (child and adult): The offsite recreational user will not use potable
water from the site. Therefore, the offsite recreational user will not be exposed to the
site groundwater. The exposure pathways for the future and current recreational user
are the same,

. Offsite Resident (lifetime and child): It is conservatively assumed that an offsite, future
resident may use the West Fork Trinity River as a potable water source. The resident
may be exposed to contaminants through ingestion, dermal contact while bathing or
showering, and inhalation of volatiles while showering. The lifetime resident will be
used to assess carcinogenic risks and the child resident will be used to evaluate non-
cancer hazards.

U.S. Air Force Center for Environmental Excellence
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]
¢

3.0 DATA COMPILATION £

Only data validated to EPA Level III using the HydroGeoLogic 2002 Quality Assurance
Project Plan (HydroGeoLogic, 2002d) will be used in this risk assessment.

3.1 GROUNDWATER

Data from Paluxy Aquifer samples and from Terrace Alluvium samples will comprise separate
data sets. For every RFI and Site Investigation that has been conducted at the site, all installed
monitoring wells (at least three per site) were sampled on 3 occasions spaced approximately
two months apart for the full set of Appendix IX constituents were required by the RCRA
Hazardous Waste Permit unless a subset was agreed on by the regulators based on operational
history. In addition, a subset of the Appendix IX analyte list, comprised predominantly of
volatile organic compounds (VOCs), is sampled and analyzed for a quarterly basis. For this
subset of analytes, the October 2001 data will be used in the risk assessment. For the
remaining analytes on the Appendix IX list, the most recent data available will be used.

3.2 WEST FORK TRINITY RIVER

Surface water and sediment in the West Fork Trinity River were sampled in February 2001.
The locations of these samples are shown in Figure 3.1. This figure also shows the locations
of samples collected from seeps adjacent to the West Fork Trinity River. The seep data and
the surface water data will be pooled to determine the surface water exposure point
concentrations under the current land use scenario.

For the future exposure scenarios, the TCE concentration in the surface water will be estimated
from the modeling work performed by HydroGeoLogic (HydroGeoLogic 2002b). According
to TNRCC guidance, the groundwater concentration with an appropriate dilution factor should
be used as the exposure point concentration in a groundwater-to-surface water discharge
situation (TNRCC, 2002). Because the groundwater monitoring wells close to the West Fork
Trinity River are currently non-detect for TCE, it is proposed to use the modeling results to
estimate the future TCE concentration in the surface water of the West Fork Trinity River.
TNRCC guidance will be used to determine an appropriate dilution factor for the future TCE
groundwater concentration. For all sediment analytes and all other surface water/ seep
analytes, the existing data will be used for the future exposure pathway scenarios.

3.3 SOIL GAS

As described in Section 2.3, volatile compounds may volatilize from the groundwater and
move through the soil and into basements above the plume. Until recently, an EPA approved
approach to estimating the risk from the basement vapors was to model the movement of the
volatile compounds from the groundwater through the soil and across the basement foundation
using the Johnson and Ettinger model. A recent comparison of model results to indoor air

U.S. Air Force Center for Environmental Excellence
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quality data indicated that the model may underestimate indoor air concentrations by more than
an order of magnitude. Therefore, for this risk assessment, actual indoor air quality data will
be used.

The majority of buildings in the Fort Worth area are built on a slab. Due to greater distance to
the groundwater and greater air changes, vapors have less potential to accumulate with slab
construction than with basement construction. There are only two buildings with basements at
NAS Fort Worth JRB. The air in both of these basements will be sampled using summa
canisters. In addition, two buildings located above higher groundwater TCE concentrations,
will be sampled for indoor air using the summa canisters. Prior to collection of the samples,
the basements will be inspected to identify any potential contaminant source inside the room,
such as stored solvents. The indoor air samples will be analyzed for 1,1-DCE, TCE, cis-1,2-
DCE, and vinyl chloride.

U.S. Air Force Center for Environmental Excellénce
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4.0 DATA EVALUATION

This section describes how the data will be screened to identify COPCs and how the data will
be analyzed to determine the exposure point concentration for each COPC.

Data may be classified as rejected (R), qualified as estimated (J or F), or qualified below
detection limits (U). Rejected data will not be used in the risk assessment. J-qualified and F-
qualified data represent estimated values but will be used in the risk assessment as if they were
not qualified. Often, an analyte is detected in some but not all samples for a particular
environmental medium. In this situation, it is not appropriate to assume that a non-detect
result is equivalent to absence of that analyte in the sample. Therefore, a proxy concentration
of one half the site-specific sample quantitation limit will be used for non-detect results for
analytes found in other samples in the data set. This proxy concentration will be used in the
statistical analyses for determining the representative concentration and/or the exposure point
concentrations.

4.1 SCREENING PROCESS

The purpose of the screening process is to identify chemicals that likely resulted from site-
related activities and that pose a potential threat to human health. The screening process for the
ecological risk assessment is described separately in Section 8.0 of this document.

4.1.1 Comparison to Background Concentrations

The first step is to determine which chemicals likely resulted from prior land use activities at
the site. This screening process is performed only on inorganic constituents. It is assumed
that any organic analytes present resulted from human, even if not necessarily site-related,
activities.

A facility-wide background study was performed several years ago by Jacobs Engineering
(Jacobs, 1998). The representative concentration of each inorganic analyte detected in each
dataset for this risk assessment will be compared against the results of the 1998 background
study to determine if the site data are consistent with the facility-wide background. If a data
set contains five or fewer samples, as in the case of sediment and indoor air data, the
maximum detected concentration will be the representative concentration. If a dataset contains
more than five samples, as in the case of the surface water/seep data, the representative
concentration will be the 95 percent (%) upper confidence limit (UCL) of the expected
concentration.

Because site investigation sampling schemes are often selected to focus on areas of known
contamination, the data may not be normally distributed. It may be more appropriate to
assume that the data are log normally distributed. The Shapiro-Wilkes test will be used to
determine whether the data are more appropriately evaluated as a normal distribution or a
lognormal distribution. Based on the results of the Shapiro-Wilkes test, the 95% UCL of the

1
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normal distribution or lognormal distribution will be calculated. For a given inorganic analyte,
the 95% UCL for the site data will be compared to the 95% UCL for the facility-wide
background data. If the 95% UCL for the site data is greater than the background 95% UCL,
that analyte will be retained for further evaluation.

The equation that will be used to calculate the 95% UCL for the lognormal distribution is:

UCL = %+ os(sz)nﬂ/m

where:
UCL = 95% UCL
e = constant (base of the natural log, equal to 2.718)
x = arithmetic mean of transformed data
S = standard deviation of the transformed data
H = H-statistic (Gilbert, 1987)
n = number of samples

The equation that will be used to calculate the 95% UCL for the normal distribution is:

UCL=%+1(s/n)

where:
UCL = 95% UCL
x = arithmetic mean of the untransformed data
S = standard deviation of the untransformed data
t = Student-t statistic (Gilbert, 1987)
n = number of samples

The statistical methods described in this section are parametric procedures and are intended for
use in cases where the percentage of non-detects in a particular data set is less than 50 percent.
In the event that the percentage of non-detects for a particular chemical is greater than 50
percent, non-parametric procedures will be applied as appropriate. Procedures for evaluating
and applying non-parametric statistics are described in the guidance document Statistical
Analysis of Ground-Water Monitoring Data at RCRA Facilities, Addendum to Interim Final
Guidance (EPA, 1992a).

4.1.2 Comparison to Risk-Based Screening Concentrations

This next step applies to both organic and inorganic analytes. This screening process is based
on the acknowledgement that, frequently, a fraction of the analytes present contribute
negligibly to the overall risk associated with the site. To reduce the number of calculations
that would be required if every detected analyte were carried through the risk assessment, EPA
Region 6 developed risk-based screening concentrations (RBCs). The data are compared

U.S. Air Force Center for Environmental Excellence
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against these RBCs to identify the analytes that have the potential to contribute to an
unacceptable level of risk. :

The RBC screen includes the following steps:
. The maximum concentration is identified for each chemical detected in each medium.

. The maximum concentration is compared to the Region 6 Media-Specific Screening
Criteria (EPA, 2000), also known as a RBC.

. If a specific chemical exceeds the RBC for that exposure medium, the chemical is
retained for the risk assessment for all routes of exposure involving that medium.

. If a specific chemical does not exceed its RBC for a particular exposure medium, the
chemical is eliminated from the COPC list for that medium.

In accordance with EPA guidance (EPA, 1989), the detection frequency of each analyte will be
considered in the screening process. Unless an analyte is a Class A carcinogen, chemicals that
are detected infrequently (i.e., in less than 5 percent of 20 or more samples) at less than five
times the reporting limit will be eliminated from the COPC list. Amny detected Class A
carcinogens will be retained as a COPC.

In addition, surface water concentrations will be compared to TNRCC screening criteria for
non-sustainable fisheries (TNRCC, 2000). This comparison will be used to determine the need
for a more quantitative evaluation of this pathway.

4.2 EXPOSURE POINT CONCENTRATION

The exposure point concentration is the concentration of a COPC in an exposure medium that
may be contacted by a real or hypothetical receptor. All exposure point concentrations for the
current land use scenarios will be based on data. For the future land use scenarios, some of
the exposure point concentrations will be estimated from groundwater modeling while the
majority of the exposure point concentrations will be based on data. The sections below
describe in detail how the exposure point concentrations will be determined.

4.2.1 Exposure Point Concentrations - Current Land Use Scenario

4.2.1.1 Surface Water and Sediment

For the surface water and sediment exposure pathways, the exposure point concentration will
be the representative concentration calculated as described in Section 4.1.1. The seep data will
be pooled with the surface water data for calculation of the exposure point concentration, This
single point estimate approach will be used because the potential area of exposure is relatively
small.

U.S. Air Force Center for Environmental Excellence
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4.2.1.2 - Groundwater

Within the Terrace Alluvium, the groundwater concentration varies by a couple of orders of
magnitude across the installation. To provide a more comprehensive description of how the
risk changes across the site and how much of the site is associated with a particular level of
risk, single exposure point concentrations for the Terrace Alluvium groundwater will not be
used. Instead, the concentrations at each of the selected wells in the Terrace Alluvium will be
used as the exposure point concentrations at that location. The associated risks will be
calculated and the risks across the site will be contoured as isopleths.

The Paluxy Aquifer is not a complete exposure pathway under the current land use scenario.
Therefore, no exposure point concentration for the Paluxy Aquifer is required for the
evaluation of risks to current receptors.

4.2.1.3 Soil Gas

Because only four indoor air samples will be collected, the maximum concentration detected
will be the exposure point concentration.

4.2.2 Exposure Point Concentrations — Future Land Use Scenario

HydroGeoLogic modeled the movement of TCE in the Terrace Alluvium groundwater plume.
This modeling effort is summarized in HydroGeoLogic 2002b. The purpose of the modeling
was to estimate when the TCE plume would discharge into the West Fork Trinity River and the
TCE concentrations at the point of discharge over time. Assuming a continuing source term,
the modeling predicts that the TCE will reach the West Fork Trinity River in approximately 5
years, and the maximum concentration at the point of discharge is estimated to be 50
micrograms per liter (ug/L). The modeling also predicts that, after 5 years, the TCE plume
will retreat such that the 10 pg/L contour line intersects the West Fork Trinity River. The
model estimates that this concentration would remain stable for approximately 20 years. -

For future exposures to surface water, it is assumed that the future receptor would begin
exposure at the time the TCE plume intersects the West Fork Trinity River. The TCE
concentration expected to reach the West Fork Trinity River will be combined with an
appropriate dilution factor to yield the surface water exposure point concentration. The
dilution factor accounts for the mixing of the groundwater seepage with the surface water flow.
The expected decrease in TCE concentration with time will also be factored into the exposure
point concentration. For example, if a receptor is assumed to be exposed to the surface water
for 30 years, then the exposure point concentration for the first 5 years will be based on 50
pg/L of TCE in the groundwater. The exposure concentration for the next 20 years will be
based on 10 ug/L of TCE in the groundwater. For all other analytes included in the future
surface water exposure pathways, the exposure point concentrations will be the same as
described for the current land use scenarios.

U.S. Air Force Center for Environmental Excellence
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For future exposures to groundwater in the Terrace Alluvium, the contour lines preflictcd by
the modeling results, assuming a constant source term, will be used to generate risk isopleths
as described in Section 4.2.1.2. The contours associated with the 10 year timeframe will be
used for the risk calculations. This timeframe represents a reasonable midpoint in the expected
TCE values to occur over time across the installation. For the other analytes to be
quantitatively evaluated for the groundwater exposure scenarios, the exposure point
concentrations will be the same as those for the current land use exposure scenarios.

For future exposures to the Paluxy Aquifer, a representative concentration will be calculated as
described in Section 4.1.1. A single point estimate will be used for the Paluxy Aquifer
because, due to the limited hydraulic connection between the Paluxy Aquifer and the Terrace
Alluvium, it is unlikely that concentrations within the Paluxy Aquifer will vary substantially
across the installation.

The exposure point concentrations for the soil gas and sediment exposure pathways will be the
same as described for the current land use scenarios.

U.S. Air Force Center for Environmental Excellence
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5.0 HUMAN INTAKE ASSUMPTIONS AND EXPOSURE
QUANTIFICATION

This section describes methods that will be used to estimate contaminant intake by each
receptor through each exposure pathway identified in Section 2. For each scenario, the
exposure parameters will be selected to estimate the reasonable maximal exposure (RME)
expected to occur at the site (EPA, 1989). If the RME concentration is determined to be below
the appropriate threshold, then it is likely that all other lesser exposure concentrations at the
site will also be below levels of concern. Exposure parameters that will be used to estimate the
RME are provided in Table 5.1 for groundwater, Table 5.2 soil gas exposure pathways, Table
5.3 for surface water exposure pathways, Table 5.4 for exposure to sediment, and Table 5.5
for ingestion of fish caught in the West Fork Trinity River.

5.1 GROUNDWATER AND SURFACE WATER INGESTION

It is assumed that future onsite and offsite residents may use either the groundwater in the
Terrace Alluvium and Paluxy Aquifer or the surface water in the West Fork Trinity River as a
potable water source. A receptor can ingest water by drinking it or through using household
water for cooking. An estimate of intake from ingesting water is calculated as follows (EPA,
1989):

_Cu'IR-FI-ED-EF

w

BW .- AT
where;
Iw = intake of contaminant from drinking water (mg/kg/day)
Cw = concentration of contaminant in water (mg/L)
IR = ingestion rate (L/day)
FI = fraction ingested from contaminated source (unitless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED)(365 days/

year)]; for chemical carcinogens, AT equals [(70 years)(365 days/year)]
5.2 DERMAL CONTACT WITH WATER

Residents may take in COPCs via dermal contact through bathing and showering. Recreational
users of the West Fork Trinity River may absorb COPCs while wading. Construction workers
may be dermally exposed to COPCs in groundwater while working in excavation pits that
intersect the groundwater table. The amount of a chemical taken into the body upon exposure

U.S. Air Force Center for Environmental Excellence
F \Delwverables\ AFCEE\DO2G\RAADARDG-02 853 doc 5-1 HydroGeoLogic, tne. 7/5/02

41



934 42 ,

HydroGeoLogic, Inc.—RAAD, Northern & Central Lobes of Trichloroethene Plume—NAS Fort Worth JRB, Texas

Table 5.1
Exposure Parameters, Groundwater Pathway

[ Ingeéstion of Groundwater .~ - ool LELETT St wra e 5 _ )
IR (L/day) 2 1* 2* 2: --
FI (unitiess) 1 1 0.5 0.5°¢ —
EF (days/year) 350¢ 3501 2501 10¢ -
ED (years) ope 6 251 5¢ -
BW (kg) 704 15¢ 704 70" -
AT-Noncancer 3,285° 2,15%0° 9,125* 1,825* -
(days)
AT - cancer 25,550* 25,550 25,550* 25,550 -
(days) _ _
Tohalation of Volatiles 7 oo v~ Band  Gh w0 i gEeme t g b g o o)
IR (m3/day) 15* 8.3° - - 13%*
EF (days/year) 350 350 - - 40°
ED (vears) 9o 64 - - 1¢
OF 0.68" 0.68° - - NA
BW (kg) 70° 15¢ - - 70¢
AT-Noncancer 3,285* 2,190 - - 365*
(days)
AT -  cancer 25,550 25,550° - -- 25,550*
(days) — — — —
-Dermal Contact -+ . = -2 . D e e LA
SA (cm2) 20,000 6,500° 840° 840° 2,000*
EF (days/year) 3501 3501 2501 10F 4r
ED (years) ghe 64 251 5¢ 1¢
BW (kg) 70¢ 15 70¢ 70! 70
AT-Noncancer 3,285* 2,190° 9,125* 1,825° 365°
(days)
AT - cancer 25,550* 25,550* 25,550* 25,550 25,550
(days)
Kp (cm/hour) chemical specific | chemical specific | chemical specific | chemical specific | chemical specific
value® value® value® value® value®
B (umtless) chemical specific chemical specific | chemcal specific chemical specific chemical specific
value® value® value® value® value®
ET (hours) 0.2° 0.3° 0.1¢ 0.1* 4°
t* (hours) chemical specific | chemucal specific | chemucal specific | chemical specific | chemical specific
value® value® value® value® value®
* = Risk Assessment Guidance for Superfund, Volume 1 Human Health Evaluation Manual (Part A), EPA/540/1-89/002,
December 1989
b = Exposure Factors Handbook, EPA/600/P-95/002Fa, 1997a.
© = Best Professional Judgment

It is assumed that the industrial worker and site visitor would consume half of the default daily intake for drinking water while on site.
It is assumed that a site visitor would spend ten days, or two business weeks, on site for a given year.
This ED represents the 50 percentile of exposure duration for a resident. Because individuals in the mihitary tend to be moved to
different facilities every 3 to 4 years, use of the 50% percentile resident exposure duration is adequately conservative 10 ensure
protection of health for an adult, onsite, resident receptor.
It 15 assumed that a site visitor would visit NAS Fort Worth JRB over the course of five years.
This rate was calculated by multiplying the upper percentie hourly inhalation rate for outdoor workers by the mumber of hours the
construction worker is expected to be 1n a trench or excavation each day (4 hours).
It 1s assumed that a construction job at NAS Fort Worth JRB would not tnvolve more than 8 weeks of excavation.
It is assumed that a construction job at NAS Fort Worth JRB would not be longer than one year.
It 1s assumed that the length of time the industrial worker and site visttor would wash hands while on site iS half of the standard shower
duration.
It 15 assumed thar a construction worker would spend half of each work day, 4 hours, in a trench or excavation.

4= Rigk Assessment Gudance for Superfund, Volume 1 Human Health Evaluation Manual - Supplemental Guidance, Standard Default
Exposure Factors. Interum Fial. OSWER Directive 9285.6-03, 1991c.

® = Dermal Exposure Assessment: Principles and Applications, Intennm Report, EPA/60/8-91/011B, January 1992b.

U.S. Air Force Center for Environmental Excellence
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I

¢

Table 5.2
Exposure Parameters, Soil Gas Pathway

IR {m3/day) 8.3 8 g
EF {days/year) 350° 350° 250° 10¢
ED (years) 92e 6" 25° 5¢
OF 0.68° 0.682 NA NA
BW (kp) 70° 15" 70° 70°
AT-Noncancer {days) 3,285¢ 2,190¢ 9,1254 1,825¢
AT - cancer (days) 25,5504 25,5504 25,550 25,550¢

43

* = Exposure Factors Handbook, EPA/600/P-95/002Fa, 1997a.
The industrial worker and site visitor inhalation rates were calculated by multiplying the average hourly
inhalation rate for an adult at light activity by the number of hours in the work day.

® = Risk Assessment Guidance for Superfund, Volume 1 Human Health Evaluation Manual - Supplemental
Guidance, Standard Default Exposure Factors, Interim Final. OSWER Directive 9285.6-03, 1991¢.

¢ = Best Professional Judgment
It is assumed that a site visitor would spend ten days, or two business weeks, on site for a given year.
This ED represents the 50" percentile of exposure duration for a resident. Because individuals in the
military tend to be moved to different facilities every 3 to 4 years, use of the 50" percentile resident
exposure duration 1s adequately conservative to ensure protection of health for an adult, onsite, resident
receptor.
It is assumed that a site visitor would visit NAS Fort Worth JRB over the course of five years.

4 = Risk Assessment Guidance for Superfund, Volume 1 Human Health Evaluation Manual (Part A),
EPA/540/1-89/002, December 1989.

U.S. Air Force Center for Environmental Excellence
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Table 5.3
Exposure Parameters, Surface Water Pathway

IR (L/day) 1* 0.05° 0.05"
FI (unitless) 1 1 1 1
EF (days/year) 350F 350° 124 129
ED (years) 3 6° 10° 6¢
BW (kg) 59¢ 15¢ 70° 15¢
AT-Noncancer - 2,190 3,650° 2,190*
days)
AT -~ cancer 25,550° - 25,550 25,550°®
days)
[nkatation of Volafllds =~ ~ . 0k<ig ©__ PO CERT E
IR (m3/day) 14° 8.34 — —
EF {days/year) 350¢ 350°¢ - -~
ED (years)_ 30¢ 6 -~ =
OF 0.68¢ 0.68°¢
BW (kp) 59¢ 15° - -
AT-Noncancer - 2,190°" - -
_(days)
AT -~  cancer 25,550 - - -
days)
‘Dermal Contact .~ % T - - vt e sl e L
SA (cm2) 20,0004 6,500 6,2004 3,500¢
EF (days/ycar) 350° 350° 129 12¢
ED (years) 304 6° i0° 6°
BW (kg) 59¢ i5¢ 70° i5°¢
AT-Noncancer - 2,190" 3,650® 2,190°
days)
AT - cancer 25,550t - 25,550* 25,550
days)
Kp (cm/hour) chemical specific | chemical specific | chemical specific | chemical specific
value! value! value' value'
B (unitless) chemical specific | chemical specific | chemical specific | chemical specific
value’ value’ value' value
ET (hours) 0.2¢ 0.3¢ 14 14
t* (hours) chemical specific | chemical specific | chemical specific | chemical specific
valuef valuef value! value!

* = The age-adjusted resident is used to assess carcinogenic risk, while the child resident is used to assess non-cancer hazard
The intake rate values for the age-adjusted resident are calculated by performing a weighted average of the adult
contnibution (24 years) and the child contribution (6 years).

b= Risk Assessment Guidance for Superfund, Volume | Human Health Bvaluation Mamal (Part A), EPA/540/1-89/002,

December 1989.

¢ = Rusk Assessment Guidance for Superfund, Volume 1 Human Health Evaluation Manual — Supplemental Guidance, Standard
Default Exposure Factors. Intenm Final. OSWER Directive 9285 6-03, 1991c.
4 = Exposure Factors Handbook, EPA/600/P-95/002Fa, 1997a
The skin surface area is the hands, feet, lower legs and forearms for the adult recreational user, and hands, feet, arms and
legs for the child recreational user.
The exposure frequency for the recreational user is the recommended exposure frequency for Swimming.

The exposure time for the recreational user ts the recommended exposure time for swimming

¢ = Best Professional Judgment
Tt is assumed that the adult recreational user would visit the West Fork Trimuty River for 10 years, and the child exposure
duration would be 6 years.
! = Dermal Exposure Assessment: Principles and Apphications, Interim Report, EPA/60/8-91/011B, January 1992b.

U.S. Air Force Center for Environmental Excellence
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Table 5.4 ¢
Exposure Parameters, Sediment Pathway £

IR (mg/day) 5
FI (unitless) ) 1
EF (days/year) 12 12°
ED (years) 10° 6°
BW (kg) 70F 15°¢
AT-Noncancer (days) 3,650¢ 2,190¢
AT - cancer (days) 25,5504 25,5504
[EDEEmIAl Contact S0e ke o e - H ] M B O e - 0E Ape B rin e b i i
SA (cn) 6,200° 3,500
SSAF (mg/cm?) 0.31° 223
Dabs (unitless) chemical specific value ® chemical specific value®
EF (days/year) 12° 12°
ED (years) ° 10° 6°
BW (kg) 70°¢ 15¢
AT-Noncancer (days) 3,650 2,190¢
AT - cancer (days) 25,550¢ 25,5501

Exposure Factors Handbook, EPA/600/P-95/002Fa, 1997a. It 1s assumed that the sediment ingestion rate 1s one tenth of
the mean soil ingestion rate.

The exposure frequency for the recreational user is the recommended exposure frequency for swimmng,

The skin surface area is the hands, feet, lower legs and forearms for the adult, and hands, feet, arms and legs for the
child.

The soil-to-skin adherence factor for adults is based on reed gatherers, and for children 1s based on kids-in-mud-no.2.
The specific adherence factors for each portion of the anatomy included in the surface area were combined as a weighted
average to yield an overall adherence factor.

Best Professional Judgment. It is assumed that the adult recreational user would visit the West Fork Trimty River for 10
years, and the cluld exposure duration would be 6 years.

Risk Assessment Guidance for Superfund, Volume 1 Human Health Evalvation Manwal - Supplemental Guidance,
Standard Default Exposure Factors. Interim Final. OSWER Directive 9285.6-03, 1991c.

Risk Assessment Guidance for Superfund, Volume 1 Human Health Evaluation Manual (Part A), EPA/540/1-89/002,
December 1989.

Dermal Exposure Assessment: Principles and Applications, Internm Report, EPA/60/8-91/011B, January 1952b.

U.S. Air Force Center for Environmental Excellence
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Table 5.5
Exposure Parameters, Fish Ingestion
_ Adulf Recreational Fisher /|

250
EF (days/year) 12°
ED (years) 10°
BW (kg) 70
AT-Noncancer (days) 3,650°
AT - cancer (days) 25,5504

* = Exposure Factors Handbook, EPA/600/P-95/002Fa, 1997a. Value is for
recreational freshwater anglers.

b = same value as used for the adult recreational user, since it is assumed that
the adult recreational user will also catch and consume fish from the West
Fork Trinity River.

¢ = Risk Assessment Guidance for Superfund, Volume 1 Human Health
Evaluation Manual - Supplemental Guidance, Standard Default Exposure
Factors. Interim Final. OSWER Directive 9285.6-03, 1991c.

¢ = Risk Assessment Guidance for Superfund, Volume | Human Health Evaluation
Manual (Part A), EPA/540/1-89/002, December 1989.

)

U.S. Air Force Center for Environmental Excellence
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via dermal contact is referred to as an absorbed dose. In accordance with guidance p’rdyided
by EPA (1989, 1991b, and 1992b), the absorbed dose is calculated using the following
equation:

_ Devent* SA+ EF - ED

I BW - AT
where:
Iw = intake through skin from showering or wading (mg/kg/day)
Deven = absorbed dose per event (mng/cm’-event)
SA = skin surface area (cm?)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/

year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]
For organic compounds, Devr can be calculated as:
Desen=(Co )N K JCE) [(G)(t NED/n ]*"if ET<{,
or
Devens =( CuM Ky NCE)[(ET) +(2)(z )(1+ 3B)J/(1+ B) if ET>¢

where:

concentration of constituent in water (mg/L)
chemical specific permeability constant (cm/hour)
chemical specific lag time (hour)
chemical specific partitioning coefficient (unitless)
exposure time (hours)

Pi(3.14)
t time to equilibrium conditions (hours), chemical specific
CF = conversion factor (0.001 L/cm®)

Ud"‘_ZQQ
H

ET

The chemical specific parameters will be obtained from Table 5-8 of Dermal Exposure
Assessment: Principles and Applications (USEPA, 1992b). If the values are not available in
this table, they will be calculated in accordance with the referenced guidance document.

For inorganic compounds, it is recommended that Deven be estimated using the following
steady-state model (USEPA, 1992b):

U.S. Air Force Center for Environmental Excellence
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Deen = (Co)(Kp) (ET)
with the parameters as previously defined. Unless a chemical specific value for an inorganic
compound is available, a default value for the K, of 0.001 cm/hour will be used (USEPA
1992b).
5.3 INHALATION OF VOLATILES RELEASED FROM POTABLE WATER
If the potable water source contains volatile COPCs, then the intake by the resident from

inhalation of the volatilized compounds from showering and other household uses of water will
be evaluated using the Andelman model (EPA, 1991a):

_(CWENIR)EF)ED)OF)

v BW)(AD)
where:
Iw = intake of volatile in water from inhalation (mg/kg/day)
Cw = concentration of contaminant in water (mg/L)
K = volatilization factor (0.5 L/m®)
IRR = inhalation rate (m’*/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
OF = occupancy factor (unitless)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/

year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]

This exposure pathway will only be evaluated for organic chemicals with a Henry's Law
constant greater than 1 x 10®° and with a molecular weight of 200 g /mole or less (EPA,
1991a). The occupancy factor accounts for the fact that the resident does not spend the entire
day, on average, in the house. Because the inhalation rate is the daily rate, the occupancy
factor reduces this rate by the fraction of time spent inside the house.

5.4 INHALATION OF VOLATILES IN AN EXCAVATION

In order to estimate the intake by a construction worker through the inhalation of contaminants
volatilized from the groundwater during excavation activities, the Construction Trench model
developed by Virginia Department of Environmental Quality will be used (VDEQ, 2002). This
model relies on mass transfer coefficients to estimate the transport of volatile COPCs from the
groundwater into a trench. For the purposes of this risk assessment, it is assumed that the
trench will intersect the groundwater and that there will be no contribution from the soil.

U.S. Air Force Center for Environmental Excellence
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After estimating the airborne concentration in the construction trench, the fo]lewmg equatlon
will be used to estimate COPC intake by the construction worker: o

la =(Co)(IR)(EF) (ED)/[(BW)(AT)]

where:
L. = intake of volatile in the trench from inhalation (mg/kg/day)
Ca = concentration of contaminant in air (mg/m®)
IR = inhalation rate (m*/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/

year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]
5.5 INHALATION OF INDOOR AIR

The following equation will be used to estimate intake from the inhalation of COPCs in indoor
air:

1o = (Co)(IR)(EF)(ED)(OF)/{(BW)(AT)]

where:
Ia = intake of volatile in the basement from inhalation (mg/kg/day)
Ca = concentration of contaminant in air (mg/m?)
IR = inhalation rate (m*/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
OF = Indoor occupancy factor (residents only)
BW = body weight (kg)
AT = averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/

year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]

The occupancy factor accounts for the fact that the resident does not spend the entire day, on
average, in the house. Because the inhalation rate is the daily rate, the occupancy factor
reduces this rate by the fraction of time spent inside the house. The fact that industrial workers
do not spend the entire day in the office is accounted for in the determination of their
inhalation rate.

5.6 INGESTION OF SEDIMENT

The estimation of intake of contaminants in sediment is determined using the concentration in
sediment at the location of interest.

U.S. Air Force Center for Environmental Excellence
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where:

Is
Cs
IR
CF
FI
EF
ED
BW
AT

i

_Cs'IR-CF-FI-EF-ED
BW - AT

L4

intake from sediment (mg/kg-day)

concentration of contaminant in sediment (mg/kg)

ingestion rate (g/day)

conversion factor (107 kg/g)

fraction ingested from contaminated source (unitless)

exposure frequency (days/year)

exposure duration (years)

body weight (kg)

averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/
year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]

5.7 DERMAL CONTACT WITH SEDIMENT

The estimation of intake of organic contaminants in sediment via absorption through the skin is
determined using the concentration in sediment at the location evaluated (EPA, 1991b).

where:

AB;s

Cs
SA
AF
ABS
CF
EF
ET
TC
ED
BW
AT

[ T T | B

_C,-CF-SA- AF - ABS -EF - ET -ED

A‘BJ
BW - AT -TC

amount of constituent absorbed during contact with sediment (mg/kg-
day)

concentration of constituent in sediment (mg/kg)

skin surface area available for contact (cm*/event)

skin adherence factor (mg/cm?)

absorption factor (unitless), chemical specific

conversion factor (10° kg/mg)

exposure frequency (events/year)

event time (hours/day)

time conversion (24 hours/day)

exposure duration (years)

body weight (kg)

averaging time (days); for noncarcinogens, AT equals [(ED) (365 days/
year)]; for chemical carcinogens, AT equals [(70 years) (365 days/year)]

U.S. Air Force Center for Environmental Excellence
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5.8 INGESTION OF FISH oy

’
i

<o

If the screening indicates that the ingestion of fish caught from the West Fork Trinity River
pose a threat to human health, a chemical specific bioconcentration factor (BCF) will be used
to estimate the COPC concentration in the fish tissue. If a BCF derived from experimental
data cannot be found for a given COPC, the BCF will be estimated based on the octanol/water
partition coefficient of the COPC. This latter equation will be obtained from a review of the
available literature. Then, the intake of COPC from consumption of the fish will be calculated

as follows:

where:

Ifish
Crist
CF

EF

ED
BW
AT

wnnn

o

Ipsn = (Casr) (IRpsn) (CF)(EF)(ED)/[(BW)(AT)]

intake from fish (mg/kg-day)

concentration of contaminant in fish tissue (mg/kg)

conversion factor (kg/0.001 g)

ingestion rate of fish (g/day)

exposure frequency (days/year)

exposure duration (years)

body weight (kg)

averaging time (days); for noncarcinogens, AT equals [(ED) (365
days/year)]; for chemical carcinogens, AT equals [(70 years) (365
days/year)]

U.S. Air Force Center for Environmental Excellence
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6.0 TOXICITY ASSESSMENT e

The toxicity assessment presents the toxicity values that will be used to generate estimates of
potential health risks associated with chemical exposure. In addition, the specific organs on
which non-cancer hazards may act will be identified. Depending on the chemical and the
amount of toxicological data available, a COPC may be characterized by a reference dose
(RfD) and/or a cancer slope factor (CSF). The RfD quantifies the threshold value below which
a dose of a given chemical is expected to exert no observable effect. The RfD is used in the
estimation of non-cancer hazards, the evaluation of which is based on the assumption that there
is a level of chemical intake that will result in no toxic effect. For carcinogens, the CSF is a
measure of a given chemical’s potency with respect to cancer induction.

EPA’s Integrated Risk Information System (IRIS) and Health Effects Assessment Summary
Tables (HEAST) databases, and National Center for Environmental Assessment (NCEA)
publications will be searched for toxicity values of the COPCs. If information is not available
from these sources, toxicity values from the EPA Region 6 Media-Specific Screening Criteria
tables will be used. If information is not available from any of the preceding sources, EPA
Region 6 risk assessors will be consulted.

Oral toxicity values will be adjusted from administered to absorbed doses for evaluating dermal
exposure. If no chemical specific factors are available, default values of 80% for VOCs and
20% for metals will be used.

U.S. Air Force Center for Environmental Fxcellence
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7.0 RISK CHARACTERIZATION

The purpose of the risk characterization step is to integrate the exposure and toxicity
assessments to generate quantitative expressions of cancer risk and noncancer hazard. The risk
characterization is performed in accordance with EPA risk assessment guidelines (EPA, 1989).
To characterize potential noncarcinogenic effects, comparisons are made between projected
intakes of chemicals and toxicity values. To characterize potential carcinogenic effects,
probabilities that an individual will develop cancer over a lifetime of exposure are estimated
from projected intakes and chemical-specific dose-response information.

Risk characterization serves as the bridge between risk assessment and risk management and is,
therefore, a key step in the ultimate site decision-making process. This step summarizes risk
assessment information for the risk manager to consider with other factors important for
decision-making such as economics, technical feasibility, and regulatory context. The
following sections provide separate discussions for carcinogenic and noncarcinogenic effects
because the methodology differs for these two modes of chemical toxicity. In addition to
providing methods for calculating risk estimates, this section provides information for the
interpretation of results with regard to the uncertainty associated with the estimates (EPA,
1989).

7.1 CARCINOGENIC RISK ESTIMATES

Cancer risk will be compared to a target risk range of 1x10° to 1x10*. Total cancer risk from
all exposures can be summed:

Total Cancer Risk = Z Cancer Risk,

where:
Total Cancer Risk = Total lifetime cancer risk from exposures to all chemicals
(unitless)
Cancer Risk: = Lifetime cancer risk from exposures to chemical

contaminant I ({=1...n) (unitless)

Cancer risk from exposures to chemical contaminants can be estimated using the equation:

Cancer Risk;= I, CSF,

where:
Cancer Riski = lifetime cancer risk (unitless) from chemical contaminant {
({=1...n)
L = total daily intake of contaminant i (i=1...n) from indirect

exposures (mg/kg/day)

U.S. Air Force Center for Environmental Excellence
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CSEF = cancer slope factor ([mg/kg/day]") for chemical contaminant {
(i=1...n)

7.2 NONCANCER HAZARD ESTIMATES

The hazard index (HI) will be used to evaluate noncancer risk for any given target organ. The
target HI is 1. The Hazard Quotient (HQ) is used to evaluate noncancer toxicity of individual
chemical contaminants. The HQ represents the ratio of the dose received by the exposed
individual to the dose that is associated with no adverse effects, i.e. the threshold or RfD.
HQs that affect the same target organ (i.e., liver, kidney, etc.) are summed to obtain a HI for
an individual target organ. The HI can be estimated using the equation:

HI=ZHQ
where:
HI = hazard index (unitless)
HQ: = hazard quotient for chemical i (i=1...n) (unitless)

The HQ for exposures to chemical contaminants which have noncancer health effects can be
estimated using the equation below:

Hg, =t
RfD,
where:
HQ. = hazard quotient for chemical i (i=1...n) (unitless)
i = total daily intake from exposures to chemical contaminant i (i=1...n)
(mg/kg/day)
RiD. = reference dose for chemical i (i=1...n) (mg/kg/day)

7.3 DEVELOPMENT OF RISK MAPS

In order to generate risk maps (i.e., risk isopleth maps), it is necessary to calculate an estimate
of risk for every location on the site map. This can be accomplished by calculating a unit risk
value (risk per mg/L) for each COPC and multiplying that value by every concentration value
at each point in a concentration plume map for the same COPC. These risk estimates will be
contoured in the same manner as the concentration contours. A similar procedure will be
followed for noncarcinogens using unit HI values.

Carcmogenic risk and non-cancer hazard isopleth maps will be created for:

1) Exposure to groundwater by a construction worker {current and future); and

U.S. Air Force Center for Environmental Excellence
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2) Exposure to the Terrace Alluvium groundwater by future onsite adult and child
residents, and onsite workers.

For each exposure pathway, maps will be developed to show the results for the COPCs that
contribute the most to the health risk and to show the sum of carcinogenic risk and non-cancer
hazards for all COPCs evaluated within that pathway.

7.4 UNCERTAINTY ASSESSMENT

Calculated risk estimates are subject to varying degrees of uncertainty from a variety of
sources. Areas of uncertainty in a risk assessment can be categorized as: 1) generic or
methodological, and 2) site-specific. Methodological uncertainties are those that are inherent
to the methods or procedures used for risk assessments, that is, policy decisions made to reflect
the EPA’s desire to error on the side of conservatism. Site-specific areas of uncertainty are
those characteristics of the site or the investigation of the site that could result in over- or
underestimates of risk. The assessment of uncertainty will be qualitative. The most significant
sources of uncertainty in the risk assessment will be itemized and qualitatively evaluated for
their potential to contribute to either the over- or underestimation of risk.

U.S. Air Force Center for Environmental Excellence
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8.0 ECOLOGICAL RISK ASSESSMENT “

A quantitative assessment of potential ecological risks associated with COPCs in the surface
water and sediment will be performed as part of risk assessment. The State of Texas has
recently published ecological risk assessment guidance (TNRCC, 2000). This guidance applies
to sites regulated within the TNRCC Remediation Division. Although this site is regulated
under CERCLA, the TNRCC guidance will be used as the primary guidance document for the
ERA because this guidance mirrors the EPA’s Ecological Risk Assessment Guidance for
Superfund (EPA, 1997b).

The TNRCC ERA methodology is a tiered approach to assessing ecological risk. Tier 1 is an
exclusion criteria checklist. If the site does not meet the exclusion criteria, a Tier 2,
screening-level ERA, will be conducted. The Tier 2 assessment will include:

1) A comparison of detected constituent concentrations for non-bioaccumulative COPCs to
established ecological benchmarks.

2) The identification of communities and major feeding guilds and their representative
species which are supported by habitats at the site.

3) The development of a conceptual model that depicts the movement of COPCs through
media to communities and the feeding guides.

4) A discussion of COPC fate and transport and toxicological profiles.

5) The preparation of a list of input data which includes values from the literature (e.g.,
exposure factors, intake equations, no-observed-adverse-effect-level (NOAEL) and
lowest-observed-adverse-effect-level (LOAEL) values references) and reasonably
conservative exposure assumptions, and the calculation of the total exposure to selected
ecological receptors from each COPC not eliminated according to item number 1.

6) The utilization of an ecological hazard quotient methodology to compare exposures to
NOAELs in order to eliminate COPCs that pose no unacceptable risk (i.e., NOAEL
hazard quotient less than 1). If all COPCs are eliminated at this point, the ecologicat
risk assessment process ends. Otherwise, the process continues.

7 The utilization of less conservative assumptions for exposure for re-calculating the
hazard quotients. If all COPCs are eliminated at this point, the ecological risk
assessment process ends. Otherwise, the process continues.

8) The development of an uncertainty analysis that discusses the major areas of uncertainty
associated with the screening level ecological risk assessment, If all COPCs are
eliminated at this point, the ecological risk assessment process ends. Otherwise, the
process continues.

U.S. Air Force Center for Environmental Excellence
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9) The calculation of medium-specific protective concentration levels (PCLs) bounded by
NOAELs and LOAELs for those COPCs which are not eliminated as a result of the
hazard quotient exercises or the uncertainty analysis.

10)  Development of recommendations for managing ecological risk at the site based on
final PCLs. Recommendations can also be made for proceeding with a Tier 3
evaluation.

Due to similarity in site conditions, if a Tier 2 screening level ERA is required, it will be
performed in the same manner as the ERA for the Southern Lobe TCE Plume
(HydroGeoLogic, 2001a). The same ecological receptors, including the bald eagle added to
the Southern Lobe TCE Plume ERA as a result of TNRCC comments, will be evaluated if
required. In addition, the same intake equations and parameter values will also be used.

[
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F \Deliverables\ AFCEE\DORG\RA ADVROG-02 353 doc 8—2 HydroGeoLoge, Inc 773202



734

HydroGeoLogic, Inc,—RAAD, Northern & Central Lobes of Trichloroethene Plume—NAS Fort Worth JRB, Texas

[T

9.0 REFERENCES

CH2M HILL, 2000. Final RCRA Facility Investigation Report, Area of Concern 2 - Vol. 1
and II, NAS Fort Worth JRB, Texas.

CH2M HILL, 1996. Draft Groundwater Sampling and Analysis Plan, NAS Fort Worth JRB,
Texas.

CH2M HILL, 1984. Phase I, Record Search, Air Force Plant 4, Fort Worth, Texas.

Ellis Environmental Group, 2002a. Draft 2002 Basewide GSAP, NAS Fort Worth JRB,
Texas.

Ellis Environmental Group, 2002b. RCRA Facility Investigation Report, SWMUs 5, 6, 12,
31, and 61 - Vol. I and II. NAS Fort Worth JRB, Texas.

Gilbert, R.O., 1987. Statistical Methods for Environmental Pollution Monitoring. Van
Nostrand Reinhold, New York, NY.

Hargis & Associates, Inc., 1989. Summary of Interim Remedial Investigation, AFP 4, Vol. I-
III. Fort Worth, Texas.

HydroGeoLogic, Inc., 2002a. Draft Final Corrective Action Plan Addendum, Area of
Concern 1, NAS Fort Worth JRB, Texas.

HydroGeoLogic, Inc., 2002b. Draft Report Simulation of Groundwater Flow and TCE
Transport in the Terrace Alluvial Aquifer in the Vicinity of the Northern Lobe TCE
Plume, NAS Fort Worth JRB, Texas.

HydroGeoLogic, Inc., March 2002c. Final Permeable Reactive Barrier Construction and
Performance Monitoring Work Plans, Former Carswell AFB, Texas.

HydroGeoLogic, Inc., 2002d. Final 2002 Basewide Quality Assurance Project Plan, NAS
Fort Worth JRB, Texas.

HydroGeoLogic, Inc., 2001a. Final Baseline Risk Assessment for the Focused Feasibility
Study, Former Carswell AFB, Texas.

HydroGeoLogic, Inc., 2001b. Final Basewide Groundwater Sampling and Analysis Program
2000 Annual Report, NAS Fort Worth JRB, Texas, Volume I and II.

HydroGeoLogic, Inc., 2000a. Final Work Plan - Data Gap Investigation of Southern Lobe
TCE Plume, NAS Fort Worth JRB, Texas.

U.S. Air Force Center for Environmental Excellence
F \Deliverables\AFCEE\DO2G\RAADAROG-02 853 doc 9-1 HydroGeoLogic, Inc  7/3/02

c 61



734

.62

HydroGeoLogic, Inc.—RAAD, Northern & Central Lobes of Trichloroethene Plume—NAS Fort Worth JRB, Texas

HydroGeoLogic, Inc., 2000b. Final Summary Report Southern Lobe Trichloroethene
Groundwater Plume Delineation, NAS Fort Worth JRB, Texas.

HydroGeoLogic, Inc., 1999. Final, Technical Memorandum, Recommended Actions, USTs,
NAS Fort Worth JRB, Texas.

IT Corporation, 1998. Draft RCRA Facility Investigation of Oil/Water Separators, NAS Fort
Worth JRB, Texas.

IT Corporation, 1997. Draft RCRA Facility Investigation of Sanitary Sewers, Vol. I, NAS
Fort Worth JRB, Texas.

Jacobs Engineering Group, Inc., 1998, Basewide Background Study, Volume 1, NAS Fort
Worth JRB, Texas.

Law Engineering & Environmental Services Inc., 1996. Basewide Quarterly Groundwater
Monitoring, First and Second Semi-Annual Reports.

Parsons Engineering Science, Inc. (Parsons), 1998. Geology of Air Force Plant 4 and NAS
Fort Worth JRB, Fort Worth, Texas.

Texas Natural Resource Conservation Commission (TNRCC), May 2002. Determining PCLs
for Surface Water and Sediment. RG-366/TRRP-24.

Texas Natural Resource Conservation Commission (TNRCC), 2000. Ecological Risk
Assessment and Development of Ecological Protective Concentration Levels. (Chapter
350 - Texas Risk Reduction Program - §350.77).

U.S. Environmental Protection Agency (EPA), 2000. Region 6 Media-Specific Screening
Criteria Tables.

U.S. Environmental Protection Agency (EPA), 1998. Risk Assessment Guidance for
Superfund: Volume 1 - Human Health Evaluvation Manual (Part D, Standardized
Planning, Reporting, and Review of Superfund Risk Assessments). Solid Waste and
Emergency Response, Washington, DC. OSWER 9285.7-01D.

U.S. Environmental Protection Agency (EPA), 1997a. Exposure Factors Handbook. Office of
Health and Environmental Assessment, Washington, DC. PB 98-124217,

U.S. Environmental Protection Agency (EPA) 1997b. Ecological Risk Assessment Guidance
for Superfund: Process for Designing and Conducting Ecological Risk Assessments.
Solid Waste and Emergency Response. EPA 540/R-97/006.

U.S. Environmental Protection Agency (EPA), 1995, Supplemental Region VI Risk
Assessment Guidance. Dallas, TX.

U.S. Air Force Center for Environmental Excellence
F \Deliverables\AFCEEADO26\RAAD\RDS-02 853 doc 9-2 HydroGeoLogic, Inc  7/5/02



U.S. Environmental Protection Agency (EPA), 1992a. Statistical Analysis of Ground-Water.
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, Office of :

Solid Waste Management Division, Washington, D.C.

U.S. Environmental Protection Agency (EPA), 1992b. Dermal Exposure Assessment:
Principles and Applications. Office of Research and Development, Washington, DC.
EPA/600/8-91/011B.

U.S. Environmental Protection Agency (EPA), 1991a. Risk Assessment Guidance for
Superfund, Vol. 1: Human Health Evaluation Manual, Part B, Development of Risk-
Based Preliminary Remediation Goals. Office of Emergency and Remedial Response,
Washington, DC.

U.S. Environmental Protection Agency (EPA), 1991b. Risk Assessment Guidance for
Superfund, Vol. 1: Human Health Evaluation Manual, Supplemental Guidance: Dermal
Risk Assessment Interim Guidance. Office of Emergency and Remedial Response,
Washington, DC.

U.S. Environmental Protection Agency (EPA), 1991c. Risk Assessment Guidance for
Superfund, Vol. 1: Human Health Evaluation Manual, Supplemental Guidance:
Standard Default Exposure Factors. Office of Emergency and Remedial Response,
Washington, DC. OSWER Directive 9285.6-03.

U.S. Environmental Protection Agency (EPA), 1989. Risk Assessment Guidance for
Superfund, Vol. 1: Human Health Evaluation Manual, Part A. Office of Emergency
and Remedial Response, Washington, DC. EPA/540/1-89/002.

Virginia Department of Environmental Quality (VDEQ), 2002,
http://204.29.171.80/framer/navigation.asp?charset =utf-
8&cc =US&frameid =1565&lc =en-us&providerid = 113&realname = Virginia+
Department +of + Environmental +Quality&uid = 1733233 &url = http % 3A %2F %2Fww
w.deq.state.va.us).

U.S. Air Force Center for Environmental Excellence
F \Deliverables\AFCEE\DO2G\RAADARDG-02 853 doc 9-3 HydroGeoLogwe, Inc  7/3/02

4. 63

HydroGeoLogic, Inc.—RAAD, Northern & Central Lobes of Trichloroethene Plume—NAS Fort Worth JRB, Texas



n34 64

This page was intentionally left blank.



TAB

FlGURES

734

65



FIGURES

734

66



o

734

HydroGeoLogic, Inc —RAAD Northern and Central Lobes of the TCE Plume—NAS Fort Worth JRB, Texas

67

- J;Ivm @
‘ @ nrﬂ':Rn:hlmﬂHllls**‘w@ 3N Y

NAS Fort Worth JRBA @ ’r for +Wnrth 4 T
White Setﬂemnt [ Iy gton=—— \’f
_ M‘v\\,o‘.""’\mt? [Tyiy v , @ —*m,-v—:h T Coeiﬂéil mu?s:_ ;/—; t‘
Pa:n'tegn : i
0\__,‘_,-’ e
\,_ Shnnetta South*—5 enbmﬁ i _ | W IL .llc\'
y 7
. \ . Eve';iﬁan (s7) . L. XW—I!'
me ﬂa,,,, e N W 4 c dfr Hill 4
! e "\\5 {* s ~ ~De Soto
| 5 gCrowley  Rendon AR O
- *t —— o x&\@m&m .
0 B Aol Clenn Heights /4
E : — ; e + S0 ¥
non Burleson Bnﬁnn S - §
APPROXIMATE SCALE IN MILES\, (ﬂ\ \ffvl a o—-?‘
_l-._\l:lxz._l / \\ 1174 T 2 Dvilly! P
Filename X \Afe001\I9bf\Report\Site_Loc apr N
P FCOM-019-10 .
Cremmed 08112199 cformer Figure 1.1
Revised 06/06/02 1b
Map Source ProCD Slte Locaﬁon Map
d‘i?D%O NAS Fort Worth JRB, Texas

US Awr Force Center for Environmental Excellence



N T P A o
U_ - Z861 "1861 pasiaigrold saIg i 5 ST e L
OM -y X1 yooiquag puv yriog ayv] sdvw t Yy e B
Gl zoriom pasuy S . . NN
10021710 ump &G pamas) - Ay ENFWHTLLAS 1L
Q1610 1000V 123f04d B L TP =<A ’ -
1dy dvit 0dopL0dNNRE [\ 1002V X Swpuapl SEES w..n.l.\_ m [ -

134 \E3TVOS

000T 0001 ] GOO0I

agva | @oudd  WIv
TTAMSHYD.

4

---0 I co-Q“ .* )

nr e ¢ o
. ~ |y . *
- P ‘ ~ 3T
o A 4
&) H . i
N -
=5 =] . | R I ooo !
wsll . . [ R L - »
[ ] = |le - - -
- [ <Hr 2 )
of oil* H (|
- ol =
el

¥ S *3 =2 o2 . == a*
SN .w.m-.m,/% /I\Ju..&\/ e SR

L UONEI0T A

puagdag

7N, 3DUARIXY [BJUSWUOIAUT
| 10j I¥UI)) 3d104 IV 'S

dejy orydeadoedo ] jruoiday
qdr Y10 104 SVN

T'13m3iy

.mdk.w.h G Y1404] 10 SFN B q . - . - L. = -2 - . \ . . j !
aumpg g1 341 Jo $9q07 [DAu3]y pup UidLHON JYV VY G i = Lo - - ) p ; > - .r ¢
.U P Vr - X s Maﬂmmm : et * u/ - - s . N ' ® M \-1 ) nl N\ F(

oup o8B0 o0 04pdL] » .

83 PEL




Buraundug sqoonr

7007 '2s0quR §10) oup 'nBooanoapdly  2amog dop
F9I0-10004Y P04

9L 70/0190 pasiady

gl [(/Etys porrasy

ey £Bn0a3s uOmNpaLd N LOdINJGE N0V X awra]ty

B2

5

-

I~

v

1334 NI ITVOS

 eme—" "

Z

SP-vL/

(1/81) IN0IUO ) UONBNUIIUO,) SUIZUAY
(1/87) mojuoyy uonenuasucy 4L
aseg] 9910, 1Y [[omSIe)) IULIO]

(P21 []omsaeD) [ YUOM MO SYN

0s

g

—
-

hr

o -
2 Gatha

ETELRREr S

-— e e e

IS
o .

vt . ol

IR ST

‘. amy v

(] v

i —

frdn -t gd - T

H

Tt adyd g

Ceszmen
s

%

—

Temr

‘¥ el 80104 Ity

QOUD[[OIXF] [EIUSUIUOIAUT
10} 191u9)) 9010 1Y 'S

AL YHOA 1104 SVN

ay) pue § Jue[d N0 Iy
AB3)eI)§ UONJRIPIWY JUALIN))
€1 In31y

AnmnasaTITIVIAL L, emoee

v av mm e e mmmmememan meeh aem e e a e

SUX2] “GHI Y404 104 SYN
auind FDL A Jo $2q07 [DAUI]) pun widyIoN Qv vy
ouf M30TORHOIPAL]




HydroGeolLogic, Inc —RAAD Northern and Central Lobes of the TCE Plume—NAS Fort Worth JRB, Texas

70

Hydrogeologic Units

Approximate Elevation

Feet Above
Mean Sea Level

Geologic Units

Terrace Alluvium Groundwater

Goodland/Walnut Aquitard

Paluxy Aquifer

Glen Rose Aquitard

Twin Mountains Aquifer

700

600

500

400

300

200

100

-100

Alluvial Terrace Deposits
Goodland Limestone
Walnut Formation

Paluxy Formation

Glen Rose Formation

Twin Mountains Formation

Filename X \AFCO0N19bf\report\Strat_Col cdr
Rewvised 06/10/02 of

Project AFCO0I-019-10

Map Source Radwan, 1989

YDRO
iG-

Legend

@ Alluvium
@ Limestone
Sandstone

Figure 2.1
Stratigraphic Column

and Geologic Units

Correlating Hydrogeologic Units

US Aw Force Center for Environmental Excellence



- BuridauiSuy sqoovr
Ox Z00Z 2svquIng SID 2uf “NBoToan0apsFf 30008 dopy
OI610-10024Y  108l04g
A Z0/20/90 posinay
43421291 10/E0/R0 pamad)
40D 7007 400”200 10dRNSAE N 100N X srvuay

1434 NI ITVI8

 s— "
QOCE 009 0 009

JIVS/TDH
SUOISEDD0 JUUIIP UG VS Pue TOH Aq

pajdues (/81) suonenussuo3 DL 9£°6 / AN

N

HOULWISS Ue S1 uoneyuenb
24y Inq ‘paguuspi Apamsod sem AAeuR Iy = |

TOd 21 M0]3q 51 IN[RA PIIRIDOSSE
oy Inq ‘paynuspt Apamisod sem akeue Yy =

71/81g 0 Jo uwr UondAR( POYIIN
Aloyeroqe 18 pa10a1x(] 10N = (N

TIZP PITEPI[EA 10N & JION

(71/81) uonenusouo gOL L8l o
&
[12M SuLoITUO N DIVS 6L1-WH
(1/8v1) uonenUROBO) L ret
24
1lPM SULIOIUOA] [BNUUY-IUBS ¢ J1V 6L 1WH
(7/3) uoyenusoun) DL an
« 1007 12QUIBA0N] - 13q033() SBunmp suonedusaaul @
o jo ped se paloa[joo wep [j2m Suouo EOMIWSDd
('1/81) uonenuadu0) DL e
12 Surpdureg &
apumaseq gl YHom HoJ SYN 10504
UOTIED0 ] IDLIEY 2ANIESY S[QRAWR]
(1/37) mojuo uogenuIdUC) DI 0%

aseq 9010, Iy [[PMSIB)) ISULIO

(Pr21g [1ams18D) GAf YHOM HO SYN
puagday

R \'
...ML..».......RR\. \ m.m
< 3gipoLd 7
e L asdie L
groviionm Fn 2 SSOMITOHM .

41 Suaguaaaafia

N

i

m& z
s

. oLy
AT . dlvionm

- '.::!F e

@ .
: ,«..\.h,\ ..\“

N MEQ

- 16014 R
= v\ m_w SE6LON. -
o | CR0VLIOHM
ozbold F !

£
Rk

480
b, SSOYLTIOHM

200vIDIVSM

iz Eﬁut&

P

QOUD[[OXT [EIUIUUONAUY
10} I9)U)) 3210 IV ‘SN

2007 pdy
WNIAR[[Y IBIR |,
suonenuRUO) 4O L
7°7 2AN31yq

SOXBL GAL YOM HOA SEN
awnid GO0 241 fo $2q07 [pitua)) puv wialoN gy vy
ouy ‘o180 oanoupAy

eI T

' dzoy
PLOVLOIVEM

FTEhsivOoNm g

=

12 LWH

grat
—; 10L¥LTOHM
‘g
930V LIYSM

e

a
Z

m.:az_

L ERV

-
SEOVLOIVEM
. X

i

rar b e
H r

Ve EIrATes | ¥aady o eerelo

‘ada
g

1L PEL

_98-/L1




uw_% 7007 ‘ISOGVINT STD Mt g4
N = ouf ‘didetosnoipiyy  amod oy
9 IV ay90 pasuay

A1 ISy pawas))
_ OI-616-1000dY T o4
v j07100" a2p3 s mmpunoByed A f 96 NoF VX awouLy

1994 NI FTVIS
———
0002 0001 00s 0
N - e
(IS 1J) UOURAS[T IANEMPUNOLL) 66 809
[[oA\ Suuorop @

(IS 33) INOJUOD) UOKEAI[S] 10}emMPUNALD) — 009 —

aseg 20104 1Ty [[aMSIe)) 19ULO]

(PIPLT [1PMSIED) S YHOM HOJ SYN — — — —

puaday

S UIIIX [EIUINWUCIIAUT
@ 10} J2JUI)) 3DI0 11V ‘SN

1007 12q0320
WINIAN[]Y RBLI],

SUOI}BAJ[F [OAYT JIJBAA

€7 N3y

SINBL 'GHI YHOM HOH SYN
atunjef L 243f 0 SHGOT [p4u37) pup wisyLoN qVVY
ouf ‘aBaoanolpiry

-
%,
o

P 0 4€ v

ors

BIES g,

- -EoQg N

- - s oenl DVLT TR L T

i s LT

& PERRIDYY -

¢kl PEL




D] mQ_0m
200 3s0goIng ST MBI404Y \A
auy ‘2180 7oany0ipAEy "324noS dopy
9l 20/01/90 pasinzy | ™
uuilfoys 70/£0/50 P04
B 01-610-10024Y  103lo4d
4dp SUOHDOO] PISPMSVMHOIIY\AGE N I00IAV\ X - 2uDu3]y
19494 NI 9TvOS
00§ 0 00$ ? “(1002/5/2)
Do DW...foﬁ_wxnm
denoos by
= 0O - “Hic02fe/e)
H.nun me»..;.. n..;”n.nmu. um& mo FI_OIam
M CEADE P _Mmu {0 :ooﬂmav
- 20 :wz:m
DDSD o &F mu__u s
qa PR SR E U .
e8] e oo ﬁ@uaﬂa@ DD@&D EON@NV
= LOBIDHNT
-21ep SuT[dures JU2OAI JSOU ST UMOUS IB(] 10N | DG_H__H_QGDUHU_UU Dnuﬂ_ﬂm,@ i
, BQDDDGDDDDDG DQDDD@@
uoneao] adures uaunpag ]
pOLTOHNI e i ezm e
o (oooz/et/z1) IOy )
uoneoo sjdures d3os <w¢ b o LOEOLDOVIDHN N om%wm.wﬁ%:: . N
) (1o02/s2/) *
uoneso] ojduwres Jajep 20BJMS JYSD 7007 e LT 20ED _.0041_0_.5 s
LOMSTOHDN oc 88 ‘\ _\ . aoom\mts
. 2let/et 5396_.5
uonexo] sydwes Is1ep 08NS [ owg mﬂ O_.S
HOLOLDOVIDHN a é "
iy :oom\mm\b
0L01D0VIDHN
amonng/suipring T % %\ % N
/3uip] ] Q) P ARy (2002/64/%)
AR L : VY. A ZOMSTOHN
LI32U0)) JO BaIY ( ) ..ﬁ LT e % A
SRS o P iy O, | (eoEELED
U] JuswaFeuey 2158 PIOS O - ﬂm_ S T TR e e Moﬂwrooﬁora
_ > ' G a a i, 00
0 - LO0:a i a o O .
(PIoY T1omsIED) EA[ YHOM MO SYN - — — — ot g TR 1N 3
Q“_h mz DD._”_“_ H.Q_U_ G“"_U_U ] mn_H_ mmmﬂ_o
a. e Du -7 .“,. , T _W_‘J.,. LT m.. TS LT T Hn‘,,. ....., o ° o
- @ o . =] ' | D .
AT ~ 2 =09 . AP o , Foow\m@ m-m
JOUI[[AVXY [LIUSUTUOIAUY oo e N haQ <0 a@ H . o eg ‘,__ :8%@ 5.
. - .., s ........,\ .... S ”m O o o o e Pl .n... ) .__ .
J0J I91U3)) 9010 Iy 'S'N TR ¢ pgie = 5 (edbe/ /) I_oo%av ds
4y GU o Q L i ~ (= I ECMSTDHDN N (9// a
. ,O =1 QQQO%.. Q m.mD a AFOQN\m\gNw\ .
; 9 M% & S o Som\m\e b s
suonjed0| Suidwes 0D Lo - n@uu o
JUSUIIPAS PUB JIIJBAA IDRLING B Q %8 S
['€ 231 | Tl e
a :
DXL GUI {04 10 SEN {10 Gelsele)
awunyd 2L 31 Jo 2G0T PHUI) puv widyiioN qY vy ) @
auf ‘nBoesnopdly szt €0
€L PEL




w
|
|
|

FINAL PAGE

731 74

]

ADMINISTRATIVE RECORD

FINAL PAGE

|




