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Notice

This report has been prepared for the Air Force by CH2M HILL for the purpose of aiding in the implemen-

tation of a final remedial action plan under the Air Force Installation Restoration Program (IRP). As the

report relates to actual or possible releases of potentially hazardous substances, its release prior to an Air

Force final decision on remedial action may be in the public's interest. The limited objectives of this rept,,

and the ongoing nature of the IRP, along with the evolving knowledge of site conditions and chemical

effects on the environment and health, must be considered when evaluating this report, since subsequent

facts may become known which may make this report premature or inaccurate, Acceptance of this report

in performance of the contract under which it is prepared does not mean that the Air Force adopts the

conclusions, recommendations, or other views expressed herein, which arc those of the contractor -)nlr and

do not necessarily reflect the official position of the Air Force.
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Executive Summary

The Operable Unit D Remedial In% estigation was conducted to assess the magnitude ot c'ontamination ot the'
vadose zone and groundwater within Operable Unit D (Oi D), estimate the risks associated with the con-
tamination, and evaluate existing and potential future remedial actions. The scope ot remedial n•estigatwn
field activities included the following:

0 Residential Crawlspace and Ambient Air Sampling-Air samples \wkere collected from
tour residences adjacent to the western boundary of the OU D cap. The samples wtere
anal zed for VOCs at an offsite laboratory to assess the levels of contaminant expo',urc-
Sampling was conducted on a quarterly basis from June 1992 to Mma, 19043.

0 Soil Vapor Monitoring Well Sampling-Soil gas samples were collected from nine
vadose zone monitoring wells located at the perimeter of the O' 1) cap. The sample_-

were analyzed for VOCs at an offsite laboratory to characterize contaminant concentration-
and to provide supporting data for transport modeling and a mass estimate Samplin2 'ka-
conducted on a quarterly basis from June 1992 to June 1993.

Shallow Soil Gas Survey-Soil gas samples were collected at onbase and oftbase location-
at the perimeter of the OU D cap. The samples were analyzed for VOC's at an onsite
laboratory to estimate the horizontal extent of shallow soil gas contamination. (t',nhrrnda-

tion analyses were conducted at an offsite laboratory. Sampling ,tas conducted In
September and October 1992.

0 Soil Borings and Well Installations-Soil and downhole soil gas samples ,, ere collected
while advancing nine borings for installation of soil vapor and groundwater monitorinn
wells. In situ groundwater samples were collected from four ... ,-ings.

Soil samples were analyzed for volatile organic compounds (VOCs). setnivolatile organic
compounds (SVOCs), total metals. pesticides/polychlonrnated biphenols (PCBs). dioins
dibenzofurans, total organic carbon, and bulk physical parameters. l'o minimize loss of
volatiles, soil VOC samples were preserved in the field by immersion in methanol. All
soil samples were analyzed at an offsite laboratory.

Downhole soil gas samples were collected at intervals in each boring and analyzed for
VOCs at an onsite laboratory. The downhole soil gas results and lithology were the
primary basis for selection of soil VOC sample locations and soil vapor monitoring well
screened intervals.

Four in situ (i.e., Hydropunch) groundwater samples were collected \then the borings
encountered the groundwater table. The samples were analyzed for VOCs at an offsite
laboratory.

Five multiple-completion soil vapor monitoring wells were installed in the soil borings.
Four single-completion groundwater monitoring welL were installed as replacements tot
nearbv wells that had become dry or will become dry in the near future.

M'onitorinR Well Sampling-Soil vapor and groundwater monitoring wells were sampled
to charactrize the extent of vadose zone and groundwater contamination.

Twelve soil vapor wells installed during the Remedial Investigation (RI) were incorporated
into the quarterly monitoring program of nine previously installed wells. Five dry or
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partially submerged ground'.ater monitoring wells w)ere sampled a• soil iap,.r
Samples wsere analyzcd for VOCs to assess the magnitude of \adoise ,ontnmirali,,ii

[',senty-nine groundwater monitoring and extraction sells ,*ere nimpled at ,.
within the 01' D cap and at outlying areas. Samples from w. ells near or ,kithin ' ra ilc
boundaries were analyzed for VOCs. SVOCs. pesticides PCBs. and dixin,
dibenzofurans. Samples from wells not near source areas ,.,ere sampled tor Vi ,

Data collected from the various phases of the investigation were sununarized and e aluated n,,amninain
transport mechanisms were modeled, mass estimates developed, and impacts to air and 2roundxssater
determined. A risk assessment was conducted to identify the contaminants posing the greatest threat ;ond
evalkate potential exposures and adverse effects to human health. The effectiveness of exlstne rein'di:i

actions was assessed and potential future remedial actions discussed.

The conceptua! model for OU D was refined usii,g observational data and -omputter ,detn I-me h
Vapour-rl' program. The following interpretations were developed:

Vapor-phase transport of VOCs in the vadose zone at )t. D) is a retilit Jftt. ,itd
advective movements. Contaminant migration b,, diffusion is due ,,ole[,I, ,i.,ntIa:,I

gradients and is slow relative to density-drien ad\ectie mnoement

Solution-phase transport of contaminants occurs when rainwsater infiltrates the uihsjr!a.t-
and contaminants become dissolved in the porewAater. The contaminants are tranp. rted
the groundwater at the rate of infiltration. The low -permeabilit. cap i, effectiel\
reducing rainwater infiltration and subsequent leaching of VOC and nonmoatils - oi, ream.
ompounds (non-%"OC) contaminants to the groundwsater. The cap i, -o) -reoenitnc the

lateral mieration of soil vapor VO('s.

6 Vadose zone soil gas concentrations increase with depth belowx the ground ,urtae 1l-e

maximum horizontal extent of VOC contamination occurs near the grouindw ater table and
could be as far as 500 feet from the edge of the cap

0 Vadose zone VOC contamination poses a continuing threat to groundwsater qualit I lie
contaminants tnchloroeth, lene iTCE) and I I -dichloroeths lene(I. I -D(T Ipose the
greatest threats.

6 Nonaqueous phase liquids (NAPI-s) existing as residual contamination in the \adose zone
underl,,ing the capped waste pits will persist for at least 50 \, ears without actie
remediation.

0 Natural attenuation will not be adequate to remnediate vadose zone \%OC contaminationt

* The VOCs are the most widespread contaminants in the 01' 1) vadose zone and
groundwater. Non-volatile compounds, including SVOCs, pesticides PCBs. and
dioxins,dibenzofurans, are found primarily within the boundaries of the cap.

Contaminant mass estimates of chlorinated VOCs in the vadose zone were developed using historical and RI
soil and soil gas data. Calculations indicate that TCE. 1.1.1 -trichloroethane (I1,l1-TCA. 1.1 -DCE.
I, ,2-trichloro- 1.2.2-trifluorethane (Freon 113), and tetrachloroethylene (PCE) account for over (41 percent
of the speciated VOC mass in the vadose zone. The contaminant TCE atcounts for approximately 30 to
40 percent of the total speciated mass. The contaminant 1,1. I -TCA contributes about 28 to 44 percent.
Non-chlorinated VOCs, such as petroleum hydrocarbons, may also contribute to the total VOC mass.
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Within the risk assessment, exposure scenarios were developed, health risks .,ere estimated for complete
pathA a.,s. and hazard indexes were calculated Significant findings of the risk assessment include the

following:

0 No current significant adverse carcinogenic or noncarcinogenic health risks are posed hý
VOCs or non-VOCs originating within O D.

0 The seven VOC contaminants that pose the greatest potential human health risks in.:ludc
vinyl chloride, 1.1,-TCA. TCE. PCE, Freon 113, 1,2-DCA. and II)DCF.

* Exposures attributed to indoor air inhalation of VOCs in Building 1093 do not pose a
significant health threat.

0 The VOC ievels in resider.:ial crawlspace ard ambient air samples are similar to hakk-

ground concentrations. The source of VOCs cannot be conclusively dceterinined trom the

available data.

0 No known exposure pathway exists from the domestic use of groundwater. Oftbase \k-:ll
users \kere placed on municipal water supplies in a previous remedial ation. Ho'Ae',r. it

is uncertain if any domestic well water use has resumed. Potential exposures to

groundwater from sprinkler irrigation do not represent a significant health risk t I .4x'10
increased lifetime cancer risk).

6 Estimated increased lifetime cancer risk for a hypothetical future c, ibase resident is Xx 10-
from ingestion of groundater.

"There are no exposure pathwiays for expo.sure to onbase surface and subsurface soils, A.
long as the low-permeability cap remains in place, future pathAa.,s are also prexented

Contaminants and media that wkill require :, mediation were determined by comparing site data to regulator\
standards and recommendations and risk-based criteria. Target areas for vadose zone VOCs extend

,erticall, to the ground\.ater table and horizontally up to about 500 feet from the edge of the cap.

Summaries. discussions, and interpretations of remedial investigation data are provided in Chapters I
through 8 of the Operable Uiiit D Remedial Investigation report. Additional and more detailed historical
and RI data summaries, calculations, assumptions. sampling techniques, and analytical methodologies are
proxided in Appendixes A through K.
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Glossary of Terms

i I -DCE 1, I -dichloroethylene

1, I-DCA 1, 1 -dichloroethane

1. 1, I-TCA 1.1, 1 -trichloroethane

1,2-DCE 1,2-dichloroethylene

1,2-DCA 1.2-dichloroethane

AB Assembly Bill

adsorption The attraction of ions or compounds to the surface of a solid.
For organic compounds, the organic carbon content of soil is the
most important adsorption mechanism.

advection The process of transfer of fluids (vapors or liquids) through a
geologic formation in response to a pressure gradient.
Advective mechanisms involve density-driven movement of gas
phase contaminants caused by gravitational forces.

AFTAC Air Force Technical Applications Center

AOC area of concern

aquifer an underground zone of earth, gravel, or porous stone that
yields water

ARARs Applicable or Relevant and Appropriate Requirements

ARB (California) Air Resources Board

ATSDR Agency for Toxic Substances and Disease Registry

bgs below ground surface

Cal/EPA California Environmental Protection Agency

CCR California Code of Regulations

CEPA California Environmental Protection Agency

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (the Superfund law)

cis- 1,2-DCE cis- 1,2-dichloroethylene

CL clay
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CLP Contract Laboratory Program

COCs contaminants of concern

COPC chemicals of potential concern

CS Confirmed Site

CSL close support laboratory

CVRWQCB Central Valley Regional Water Quality Control Board

CWA Clean Water Act

desorption the process of removing an absorbed or adsorbed substance

DET Detachment

DHS State of California Department of Health Services, now known
as DTSC, Department of Toxic Substances Control

DHSG downhole soil gas

diffusion The process by which contaminants move from regions of high
concentration to regions of low concentration. The random
molecular motion is governed by Fick's Second Law.

DNAPL dense nonaqucous phase liquid

DOT Department of Transportation

DPDO Defense Property Disposal Office

DPR (Cal State) Department of Pesticide Regulation

DQO data quality obJective

DTSC State of California Department of Toxic Substances Control

ECAO (U.S. EPA) Environmental Criteria and Assessments Office

E-DB ethylene dibromide: 1,2-dibromomethane

EE/CA Engineering Evaluation/Cost Analysis

E -R Emission Inventory Report

1-PA U.S. Environmental Protection Agency

FS Engineering Science

eV electronvolt

FAA Federal Aviation Administration
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FID flame ionization detector

Freon 1 I dichlorodifluoromethane

Freon 12 trichlorofluoromethane

Freon 113 1, 1,2-trichloro- 1,2,2-tri fluoroethane

FS feasibility study

GC gas chromatograph

GC/MS gas chromatograph/mass spectrometer

GC/TCD/FID/MS/HECD/PID gas chromatograph/thermal conductivity detector/flame
ionization detector/mass spectrometer/Hall electrolytic
conductivity director/photoionization detector

HA health advisory

HCI hydrochloric acid

HEAST Health Effect Assessment Summary Tables

HI Hazard Index

HPCDD heptachlorinated dibenzodioxin isomers

HPCDF heptachlorinated dibenzofluran isomers

HQ Hazard Quotient

ICP inductively coupled plasma

IRIS Integrated Risk Information System

IRP Installation Restoration Program

LDR land disposal restrictions

McClellan AFB McClellan Air Force Base

MCL maximum contaminant level

MCLG maximum1 contaminant level goal

M DL method detection limit

MIl. silt

MS matrix spike

MSI) matrix spike duplicate
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MSDS Material Safety Data Sheet

nisI mean sea level

NAPLs nonaqueous phase liquids

NCP National Oil and Hazardous Substances Contingency Plan

NFA no further action

NFI no further investigation

NPT)ES National Pollutant Discharge Elimination System

NPL National Priorities List

OCDD octachlorodibenzo-p-dioxin

OCDF octachlorodibenzofuran

GEr-_i,', (Cal EPA) Office of Environmental Heaith Hazard Assessment

offgas The airstream discharged from a soil vapor extraction system.
Before being released to the atmosphere, this contaminated air-

stream will require some form of treatment to remove the con-
tamination.

OSWER (U.S. EPA) Office of Solid Waste and Emergency Response

OU D Operable Unit 1)

PCB polychlorinated biphenyls

PCDDs polychlorinated dibenzodioxins: any or all of 75 possible
chlorinated dibenzo-p-dioxin isomers

PCDFs polychlorinated dibenzofurans: any or all of 135 possible
chlorinated dibenzofuran isomers

PCE perchloroethylene or tetrachioroethylene

PI') photoiorlization detector

ppbv parts per billion by volume in air

ppmv parts per million by volume in air

PRGs preliminary remedial goals

PRL potential release location

QA quality assurance

QA/QC quality assurance/quality control
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QC quality control

RAGS Risk Assessment Guidance for Superfund

RCRA Resource Conservation and Recovery Act

RD/RA Remedial Design/Remedial Action

RfC reference concentrations, usually expressed in units of m!'n

RfD refetcnce dose, usually expressed in units of mg/kg-day

RI/FS remedial investigation/feasibility study

RI remedial investigation

RME reasonable maximum exposure

ROD Record of Decision

RPDs relative percent differences

RPM Remedial Project Manager

"RRF relative response factor

SARA 1986 Superfund Amendments and Reauthorization Act

SCWG (Cal EPA) Standards and Criteri Work Group

SDWA Safe Drinking Water Act

SF slope factor

SM silty sand

soil gas gas present in soils

sorbed attached or held

sorption the process of sorbing; taking up and holding as by adsorption

or absorption

S P sand

SV F soil vapor extraction

SVMW soil vapor monitoring well

SVOCs semivolatile organic compounds

SWMU solid waste management units

lBiC(s to-he-considered criteria
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TCDDs tetrachlorinateot dibenzo-p-dioxins; any or all of the 22 possiblC
tetrachlorinated dibenzo-p-dioxin isomers

TCDD-dioxin 2,3,7,8-tetrachlorodibenzo-p-dioxin; the most toxic of the dioxin
isomers

TCDFs tetrachlorodibenzofurans: any or all of the 138 possible

tetrachlorinated dibenzofuran isomers

TCE trichloroethylene

TCM trichloromethane; chloroform

'[PH total petroleum hydrocarbons

trans-I .2-DCE trans- 1,2-dichloroethylene

TSD treatment, storage, and disposal

UHP ultra-high purity

U ST underground storage tank

vadose zone soils above the water table

VapourT a finite element, two-dimensional contaminant transport modcl

VOCs volatile organic compounds

volatilization the act of evaporating or causing to be evaporated

VZMW vadose zone monitoring well
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Chapter 1

Introduction

1.1 Subject and Purpose of the Remedial
Investigation

In 1981, the Department of Defense developed a program to identify and

evaluate suspected contamination problems resulting from past hazardous
waste disposal practices for Air Force Installations. Once the evaluation
`was complete, the Installation Restoration Program (IRP) was developed

to control migration of contaminants and hazards to the public and the

environment. The IRP serves as a basis for response actions on Air
Force installations under the provisions of the Comprehensive Environ-
mental Response. Compensation, and Liability Act (CERCLA). In 19l,
McClellan Air Force Base (AFB), an Air Force Logistics Command

Centc.. initiated the first phase of the IRP. McClellan AFB is located
approximatel.,, 7 miles north of downtown Sacramento, California. as
seen in Figure I-I. In July 9Is, 7, McClellan AFB was placed on the
National Priorities List (NPIL) as the highest-ranked Air Force installa-

tion. Operable Unit (OU) 1) is an area on McClellan AFB that is highli
contaminated because of historical disposal operations. An uperable

1 Unit is a discrete part of an overall site and can be examined separately

if the remedial action for the O1) can be done expeditiously, is cost

effective, controls contaminant sources or migration, and is consistent
,xith the final site remedy. 0t' I) is located in the northwest corner of

\1Jtlellan AFB. as seen in li ure 1-2

The purpose of this RI report is to present the objectives and the
approach of the RI: define thte conceptual model fIor ()1 I); present and

interpret the analytical data: asess the risk generated by the containinant,
present in 0f 1 1). define the problems presented by those contaminant,:

identift the present remedial actions and their effectiveness: and identit\
potential future aQtions.

1.2 Site History

['he IRP has identified Ito () s in the ,adose zone. (A. B. ,It '. ('C
1), VV. 1. , and H.) and I in the gretnd,,.aýr. -Ir!-.n'" : (IW

(W1). Currently,, there are 258 sites distributed atnong the 10 Base (M),

'he sites \oere categorized as: Confirmed Sites (('Ss) -sites where con
tamination has been confirmed wAith sampling data: Potential Release

ILocations ) PR Is)-sites where contamination has been reported or sus-
pected but not verified with sampling data; Areas of Concern I 0(Cs)-
areas where a release may ,ccur: and Study Areas (SAs)-sites under

investigation. Table I -I shoows the distribution of the sites among the
01 is.
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Table 1-1
Distribution of Sites in Operable Units

Operable Number of Operable Number of
Unit Sites Unit Sites

A CSs - 25 D CSs - 10
PRLs- 35 PRLs - 3
SAs - 61 AOCs - 2

B CSs - 7 E PRLs - 2
PRLs - 22
SAs - 18

B1I PRLs- I F PRLs- I
SAs- I

C CSs - 9 G PRLs - 9
PRLs - 32
AOCs - I

Cl CSs - 3 H PRLs - 8
PRLs - 3

The operations at McClellan AFB relate to management, maintenance,
and repair of various aircraft, electronics, and communications equip-
ment. These activities have been conducted since the Base was estab-
lished in 1936 and have required the use of various hazardous and toxic
materials. Figure 1-3 presents the sites and features of OU D. A sum-
mary of the past OU D operations is presented below and a schedule is
shown in Figure 1-4. A detailed list of the OU D operations is presented
in Appendix F, the Preliminary Assessment Technical Memorandum.

In the early 1940s, Building 713 was the first building constructed in Beginning in the late 1960s,
OU D. In the 1950s, PRL 27 was the first disposal area created. trichloroethylene-contamiiated
Confirmed Sites I and 2 were also opened and used for waste disposal materials were disposed of in pits.
and fire training.

In the early 1960s, PRL 27 and CS I were closed. Building 1099 was
constructed and CSs 3, S, and T were opened. In the late 1960s, CSs 3,
S, and T were closed. Disposal of trichloroelhylene-contaminated
materials into waste pits was initiated and CS 4 was opened.

In the early 1970s, the trichloroethylene (TCE) disposal was eliminated,
and CSs 5, 6, 26, and A were opened. Potential Release Location 33
was opened for only 4 months. In the late 1970s, CSs A, 2, 5, 6, and
26 were closed. Building 1093 was constructed, and PRL TI I was
installed.

In the 1980s, Buildings 1066 and 1080 were constructed. Building 713
was demolished. CS 4 was closed, and the Area D Cap was constructed
over CSs I, 2, 3, 4, 5, A, S, and T.
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1940 1950 196 1970 1198 1990
* ID Nam •LJ__LL _.L± L JJ LLLJ. _L/

I I Building 713 1943-1985

2 PRL 27 1956-1962 i

3 CS 1 1959-1962

4 CS 2 1959-1979

5 CS 3 1962-1965 in

6 CS S 1962-1968

7 CST 1962-1962

8 AOC 1962-1992 iuUin ii
Building 1099

9 CS 4 1967-1984

,10 CS 6 1971-1977

ill PRL 33 (4 MOS) 1972 I

12 CS A 1972-1976

13 CS 26 1972-1977 Em

14 CS 5 1972-1978 -
15 PRLT11 1977-1992

16 Building 1093 1977-1992

17 Building 1066 1987-1992 FIGURE 1-4
SCHEDULE OF OPERATIONS

18 AOC 1988-1992 m OPERABLE UNIT D
Building 1080 McCLELLAN AIR FORCE BASE

SACRAMENTO. CALIFORNIA
RO 1283 ,18

Currently. Buildings 1080, 1066, 1093. and 1099 are present and in
operation. All the waste pits are closed, and eight of the pits reside
under the Area D Cap.

1.2.1 Previous Investigations

Prior to the RI. other investigations have been conducted. A detailed
description of these investigations is given in the Operable Unit D Pre-
liminarv Assessment (CH2M HILL. 1992). The first investigation was
conducted in 1981 I-y McClellan AFB personnel who studied the past
disposal practices at McClellan AFB to identify all the disposal sites. In
late 1981, CH2M HILL investigated the historic waste handling and dis-
posal practices to determine the potential for migration of hazardous
materials offbase. In 1983. Engineering Science installed 48 monitoring
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wells to determine the extent of groundwater contamination and migra-
tion.

In 1984, McClellan AFB sampled .he sludge from CS 4. That same
year, CH2M HILL conducted a Site Characterization Study on OU D to
determine the hydrogeology beneath the area and to characterize the
waste disposal pits and their surrounding soil. CH2M HILL also con-
ducted a shallow exploration program to characterize the waste in the pits
and assess the lateral and vertical extent of contamination from OU D.

In 1985, a Source Control Feasibility Study was conducted to evaluate
the various alternatives for controlling the existing hazardous waste in
OU D. In 1991, CH2M HILL investigated the variations of sampling
media with the collection of soil gas to evaluate sampling and analytical
methods.

During the previous * -vestigations, VOC, semivolatile organic compound
(SVOC), and metals contamination was found in the soil, soil gas, and
groundwater beneath OU D. However, the lateral extent of contamina-
tion for soil and soil gas could not be defined. A more detailed discus-
sion of the results of the previous investigations is presented in Appendix
F, Preliminary Assessment Technical Memorandum.

The Agency of Toxic Substances and Disease Registry (ATSDR) investi-
gated and evaluated McClellan AFB. The ATSDR found areas west of
and near OU D to be a "public health hazard" because contaminant
sources at OU D have contributed to environmental contamination.
ATSDR defines a "public health hazard" as a site that contributes to
contamination to which people on- and offsite have been, are, or could
be exposed. The estimated exposures from the groundwater, ambient
air. and soil exposure pathways for contaminants of concern (volatile
organic compounds (VOCs), polychlorinated biphenyls (PCBs), and
metals) could cause adverse health effects to any of the exposed popula-
tion.

The ATSDR recommended that offsite ambient air sampling in and
around the homes near OU D or other areas with high soil gas concentra-
tions should be continued. It was also recommended that a residential
well use survey should be conducted to define the groundwater impact
west of OU D.

1.3 Fieldwork Summary

The RI fieldwork includes residential crawlspace and ambient air
sampling, shallow soil gas sampling, deep soil gas sampling, soils inves-
tigation, and groundwater investigation. The RI fieldwork was initiated
in June 1992 by the first quarterly sampling of residential crawlspace and
ambient air. Detailed descriptions and results of the RI fieldwork are
present in the Appendixes A through E.
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Residential crawlspace and ambient air samplings were conducted on a
quarterly basis from June 1992 to May 1993. Four residential crawl-
space and four ambient air locations were sampled on a quarterly basis.
The sampling effort was performed to determine the levels of
contaminant exposure to residents living adjacent to the Area D Cap and
to provide data to support the risk assessment discussed in Chapter 5.

S'The detailed description and results are presented in Appendix A,
Residential Crawlspace and Ambient Air Technical Memorandum.

Shallow soil gas sampling was conducted from September 1992 to
October 1992. Forty-two offbase and 28 onbase locations were sampled
at depths ranging from 5 to 10 feet below ground surface (bgs). The
sampling effort was to determine the horizontal extent of shallow soil gas
contamination from OU D to offbase residential areas and to determine
the borehole locations for collecting deep soil gas data. The sampling
effort was also performed to determine the extent of contamination and
risk onbase and to identify hot spots. The detailed description and results
are presented in Appendix B, Shallow Soil Gas Survey Technical
Memorandum.

Deep soil gas sampling was conducted from June 1992 to June 1993.
Twenty-five soil vapor monitoring wells were sampled. Downhole soil
gas samples were collected from nine borings. The sampling effort was
conducted to further characterize the VOC contamination in the vadose
zone and provide data for the mass estimate in the vadose zone. The
downhole soil gas sampling was used to determine the screened intervals
for the soil vapor monitoring wells. The detailed description and results
are presented in Appendix C, Deep Soil Gas Technical Memorandum.

The soil investigation was conducted from May to June 1993. Historical
data from soil borings were evaluated, and 17 additional soil locations
were sampled. The sampling effort was to assess the magnitude of VOC
and non-VOC contamination in vadose zone soils; determine if CSs 6 and
26 are sources of contamination; provide data to support the mass
estimate in the vadose zone; and define lithology. The detailed
description and results are presented in Appendix D, Soils Investigation
Technical Memorandum.

The groundwater investigation was conducted from May to June 1993,
and 29 groundwater locations were sampled. The sampling effort was to
evaluate the nature and extent of VOC, SVOC, dioxin, and pesti-
cide/PCB groundwater contamination in the vadose zone. The detailed
description and results are presented in Appendix E, Groundwater lnves-
tigation Technical Memorandum.

The RI fieldwork was conducted in general accordance with the Final
Copy Work Plan Operable Unit D Field Investigation (CH2M HILL,
1993). Any deviations from the Work Plan are presented in the fol-
lowing subsection.
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1.3.1 Deviations from Work Plan

The following incidents are deviations from the sampling procedures:

"* Borings Ci, C5, C8, and Monitoring Well MW-1073 were
not completed because offbase access could not be obtained.
McClellan AFB has recently received access and will
complete these borings in October 1993.

"* A field blank could not be collected during the May 1993
residential crawlspace and ambient air sampling because of
a faulty canister sent from the laboratory.

"* During a June 1992 residential crawlspace sampling, the
flowmeter on a 24-hour canister failed, and the canister
went to ambient air pressure.

"* The deep soil gas sample collected from C2-S was lost
because of a leaky canister.

"* For the groundwater investigation, no Hydropunch sample
was collected at C7 after four attempts because silt would
build up and clog the Hydropunch intake screen.

The followiing incidents are deviations from the analvtical procedurew

"* The downhole soil gas samples from Monitoring Well
(MW)-241 were analyzed offsite in the Corvallis laboratory
instead of at the onsite laboratory because the onsite labora-
tory did not have sufficient staff to handle the number of
samples to be analyzed. The analytical procedure used by
the Corvallis lab was identical to that used by the onsite lab.

" MThere were elevated detection limits on the June 1992 TO-
14 soil gas samples for MW-I through MW-9 because of
the dilutions needed to quantify the high concentration of
some of the compounds

1.4 Summary of Previous Remedial
Actions

Several remedial actions have already been initiated at OU D. These
remedial actions are excavation and capping, placing local residents on
city water, the groundwater extraction system, and the soil vapor extrac-
tion (SVE) .,,stem. Chapter 7 discusses the existing remedial actions in
detail and pr, sents all the locations of existing remedial action in Figure
7-1.

By 1984. only CSs 6 and 26 had been excavated and backfilled. In
1985, CS 4 was excavated and the Area D Cap was placed over eight of
the CSs: CSs I. 2, 3, 4, 5, S, A, and 1'. The Cap was placed over the
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fl pits to prevent infiltration from precipitation and to control offgas emis-
sions.

In 1986 and 1987, 500 offbase residences were connected to the
municipal water supply system. The switch to the ,iunicipal water
system was initiated when the contaminated groundwater plume under
OU D was found to have migrated offbase.

The groundwater extraction system was established in 1987. Six extrac-
tion wells pump contaminated groundwater from OU D. The water is
conveyed from OU D by pipeline to the groundwater treatment plant
located south of the Area D cap.

The SVE system was constructed in 1992 and was in operation in 1993.
The SVE system was installed for a treatability study to determine its
effectiveness in removing VOC contaminants and less mobile compounds
from waste pits and the native soil. The SVE system is currently not a
full-scale remedial action but will be considered for expansion during the
OU D Vadose Zone Feasibility Study.
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Chapter 2
Project Objectives and Approach

2.1 Project Objectives

The overall objective for Operable Unit D (OU D) is to achieve a timely
and cost-effective reduction in contamination to levels that are protective
of human health and the environment. The project objectives are consis-
tent with the Installation Restoration Program (IRP) objectives to assess
past hazardous waste disposal and spill sites on Air Force installations
and develop remedial actions consistent with the National Contingency
Plan (NCP) for any sites that pose a threat to human health and welfare
or the environment. Specific project objectives are to:

"* Develop a streamlined approach to the Remedial Investiga-
tion/Feasibility Study (RI/FS) to reduce the time necessary
to implement a remedial action.

"* Recognize uncertainties and identify the critical factors that.
once known, can reduce the uncertainties to acceptable
levels. Balance the need to reduce the uncertainties with the
demands for resources and time.

"* Develop robust and flexible solutions that can be
implemented in the face of uncertainty and that can be
improved as future conditions become known.

"* Continually develop and integrate improvements rt the
remedial action to reduce cleanup time and effort.

"* Establish a mechanism that can be used to achieve remedial
action decisions at other OUs with volatile organic com-
pound (VOC) contamination in the vadose zone.

The remedial investigation is the first step toward selecting a remedy for The purpose of the RI is to collect

the contamination at OU D. The purpose of the RI is to collect enough enough data for OU D to reduce

data for OU D to reduce the uncertainty in contaminant type and distribu- the uncertainty in contaminant

tion to a level that is acceptablc for the FS so that remedial alternatives type and distribution to a level that

can be fairly evaluated and selected, is acceptable for the FS so that
remnedial alternatives can be fairly

The objectives of the RI are to: evaluated and sclccted.

"* Determine which contaminants will require remedial action.

"* Identify target volumes for developing and evaluating reme-
dial action alternatives.

0 Identify the uncertainties in site conditions and how they
affect the conceptual model.
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Quantify risks to human health and the environment posed
by vadose zone and groundwater contamination within
OU D.

"* Identify future vadose zone and groundwater data needs that
will reduce uncertainties.

"* Evaluate the effectiveness of existing remedial actions within
OU D.

"* Provide groundwater data within OU D to support the
Basewide Groundwater OU project.

"* Provide the data to support the development and evaluation
of remedial action alternatives in the OU D Vadose Zone
FS.

2.2 Approach to Operable Unit D Remedial
Investigation/Feasibility Study

The current strategy for OU D will allow McClellan Air Force Base
(McClellan AFB) and the agencies to achieve an Interim Record of
Decision (ROD) by March 1995. The approach is designed to streamline
the RI/FS process and reduce the time necessary to implement a remedial
action. The focus is on reducing the amount of information gathered
prior to selection of a remedy. This requires a program with enough
flexibility built-in to accommodate implementation of remedial actions in
the face of uncertainty. Operable Unit D is suited to this approach Ground- i Base-wide
because: (1) previous work for McClellan AFB has resultcd *L a goo Vadose
understanding of site conditions; (2) groundwater and soil vapor ROD . lug-oneS• ~~ROD '• ,•• Plug-in

extraction (SVE) s-Ystems have been operating or pilot tested: and (3) aRO
good working relationship with the regulatory agencies has been G...Groundwa Basewide
established. OU FS /adose

" • ~~one• FS

The remedial investigation will support two RODs that address the S

contamination within OU D. The groundwater contamination will be
addressed by the Groundwater Operable Unit FS and ROD. The vadose
zone contamination will be addressed by the Basewide Vadose Zone V
Plug-in FS and Plug-in ROD. Interactions among the projects are
discussed in Section 2.3.

The ROD for the VOCs in soil will utilize two specialized approaches.
The first is called a "presumptive remedy approach" and the second is
called the "plug-in approach." The ROD for the non-VOCs in soil will
use the plug-in approach only. EPA Region IX has successfully imple-
mented these approaches for sites with VOC contamination in the vadose
zone. The approaches appear well suited for McClellan. AFB. A
specialized approach to the risk assessment will also be necessary.
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2.2.1 The Presumptive Remedy Approach

The presumptive remedy approach takes advantage of the conditions at a
site being so well suited to a particular technology that the technology
can be presumed to work. The presumptive remedy is considered when
a remedial technology has repeatedly been shown to work in the range of
conditions present at a site, and there are no apparent conditions at the
site that are markedly different from the conditions under which the
technology has previously been tested or used (EPA 1993b, EPA 1993c).

The presumed remedy will be SVE. At OU D, an SVE treatability
investigation is being conducted that indicates SVE is very effective at
removing VOC contaminants from the vadose Lone.

2.2.2 The Plug-in Approach

The plug-in approach is a way of structuring a remedy decision that can
be used for multiple areas within a larger site that share similar physical
and contaminant properties. The multiple areas are distinct areas of
contamination within McClellan AFB and are referred to as subsites. A
plug-in remedy first identifies a standard remedial alternative (e.g.,
SVE). and then defines the range of conditions that the alternative can
address. When other sites at McClellan AFB are identified that require
remedial action and satisfy the range of conditions specified, they can
be "plugged in" to the ROD. This will allow remedial action to be
implemented at sites across McClellan AFB without going through the
entire FS process.

In a traditional ROD (as will be the case for the groundwater) several ht a traditional ROD several

alternatives are identified for a single site. The Plug-in ROD selects a alternatives are identifiedfiw P

remedy for a given range of conditions. In other words, instead of single site. The Plug-in ROD

matching several remedies to contamination at OU D, the plug-in selects a remedy for a given range

approach matches several sites at McClellan AFB to a single remedy, of conditions.

This concept is illustrated in Figure 2-1.

The plug-in approach involves six steps:

I. Develop Existing Site Profile-Identify the range of
common conditions among areas at McClellan AFB.

2 Identify and Evaluate the Remedial Alternatives and evaluate
against the No- Action Alternative.

3. Define the Remedy Profile-Identify the range of conditions
that the alternatives can address.

4. Identify Enhancements to the Remedial
Alternatives-Investigate potential technologies that may
broaden the remedy profile or enhance the presumed alter-
native.
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Traditional Superfund Approach
Matching Alternative to a Site

SINGLE SITE
Characterize alernt
site conditions adrss the site

f'--- Characterize Abeutllrnae 4j

- Cbmretterize Attesnatwe 5

Plug-in Approach
Matching Subsites to an Alternative

__ SINGLE ALTERNATIVEE

______ ------_____ (Selection based on past experience)

subsie mee Define Alternative

thek $~d dforuingithen ----- Define conditions where it works

C0 i alililSalternative? 
*Define conditions where a remedy
is needed

FIGURE 2-1
COMPARISON OF TRADITIONAL
VERSUS PLUG-IN APPROACHES
OPERABLE UNIT D
McCLELLAN AIR FORCE BASE
SACRAMENTO, CALIFORNIA
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5ý Define the Plug-in Criteria-Establish the basis for deter-
mining whether to carry out a remedial action for a
particular area.

6. Make Decision-At the plug-in decision point, a determina-
tion is made as to whether to plug in a specific subsite and
require the selected remedial action.

A conceptual picture of the plug-in approach is shown in Figure 2-2. The plug-in approach will save a
Detailed components of the plug-in approach will be presented in the significant amount of time and
Basewide Vadose Zone FS. resources, both for McClellan AFB

antd the agencies.
The use of the plug-in approach at McClellan will allow remedial action
to begin at contaminated sites without redundant remedy selection
processes. This will save a significant amount of time and resources,
both for McClellan AFB and the agencies. It will also focus the collec-
tion of data at subsites on the most likely remedial alternative. Thus.
there are less data to collect in remedial design, and actual remedial
action can begin sooner.

2.2.3 Risk Assessment Approach

A baseline risk assessment is conducted as part of the RI to provide the
decision-makers with an understanding of the actual and potential risks to
human health and the environment posed by contamination at OU D.
This information is used to determine whether a current threat exists that
warrants remedial action.

The risk assessment will support the plug-in approach. The plug-in
approach requires a specialized strategy for risk assessmeni because the The risk assessment provides an
selection of a remedy occurs prior to characterizing all subsites th2t may understanding of the actual or
eventually plug in. The risk assessment is a tool for decisionmaking potential risks to human health
within the context of the plug-in process at McClellan AFB. The anid the eavironment.
questions that the risk assessment must support, with regard to soils. are:

What is the level of risk (attributable to contaminants in soil
at a subsite) that triggers the implementation of 'he selected
Remedial Alternative?

Does the contamination at a particular subsite result in a
threat that meets or exceeds the level established above?

Once a cleanup is undertaken at a subsite, when can the
cleanup be considered complete?

Two of these questions, the first and third, are not directly answered by
the risk assessment. Ratl-er, the evaluation of risk supports a decision
concerning these questions. The first question represents the setting of
the "Plug-in Criteria." The second question represrts using the Plug-in
Criteria in a specific case. The third question represents the setting of
"cleanup goals."
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Once the plug-in process is executed, the risk assessment for
contaminants in soils becomes a baseline risk assessment. Under the
plug-in approach, subsites at McClellan AFB are independently
characterized. A decision is made as to whether each subsite needs the Sites within an OU
selected remedial alternative. This decision is made by comparing
subsite data to the Plug-in Criteria. The risk assessment included in this
RI does not calculate the risk for a given subsite outside OU D, but it
does lay the groundwork for the calculations. The Basewide Vadose
Zone FS will present a template for making these risk calculations for
subsites at McClellan AFB. Once a subsite is characterized, site data
only need to be inserted into the template to arrive at the baseline risk.
A baseline risk assessment for contaminants in soil is, in effect, complete
each time the plug-in process is completed for a sabsite. a a

2.3 Interactions with Other IRP Projects Asesmn Proiizto

McClellan AFB IRP is dynamic and complex, and many of the projects
are interrelated. To understand the OU D RI Report, it is necessary to
define how the projects within OU D fit into the IRP.

Current Prioritized Sites.:*
The OU D projects interact with several other IRP projects, principally Operable -' within OU
the Basewide Groundwater OU, the Basewide Engineering Evalua- Unit Risk • U.-

tion/Cost Analysis (EE/CA) for VOCs in the vadose zone, and the evalu- -

ation of innovative treatment technologies.

The projects currently planned for OU D can be separated into vadose. .
zone projects and groundwater projects (each will require treatment Prioritized
projects). The adjacent figure is an illustration of the interactions fromUibetween these projects..i. •i!

Vadose zone projects include the following:

" Preparation of an RI to determine the nature and extent of
vadose zone contamination to support the risk assessment
and FS.

Ranking of all McClellan AFB Sites:
" Preparation of an FS that covers the remedial action alterna- M ik

tives for the VOCs, semivolatile organic compounds
(SVOCs), and metals contamination Basewide. The FS will
be designated the Basewide Vadose Zone FS and will be
used to support RODs that can be used to implement
remedial actions at OU D and other sites across McClellan
AFB. The FS will support two separate RODs. One for
the non-VOCs and one for the VOCs.

Collection of performance and cost data for hot air injection .

and SVE with catalytic oxidation at Site S.

Initial testing of the electron beam treatment technology for

vapor phase VOCs. RDD 1283298
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Removal action to halt migration of soil gas beyond the OUD 0ou" ~~~Vadose~da~
Base boundaries. This removal action would be performed " dose

under the authoritv of the Basewide EE/CA. Projects

The vadose zone projects interact with the Basewide Groundwater OU. '. 7
the Basewide EE/CA. and the evaluation of innovative treatment
technologies as follows: InnovativeS' :Treaftment

Interactions with the Basewide Groundwater OU-The ........: i.i:•. . .....
scope of the Basewide Groundwater OU is the performance I {
of an FS and Interim ROD, Basewide groundwater
monitoring,, and Basewide groundwater remedial actions.
The vadose zone projects from OU D will provide the .emii .Eu"dpabet

following information to the Groundwater OU FS and :. "

Interim ROD:
ROcO 123294

The existing data on sources of contamination within
OU D will be used in the interpretation of the
groundwater data and in the development of target
volumes for groundwater remedial actions.

The ongoing treatability studies at Site S will provide
performance and cost data for catalytic oxidation of
VOCs in offgas and the electron beam technology for
destruction of VOCs in offgas. These data will be
used in the Groundwater OU FS.

The Basewide Vadose Zone FS will be prepared
several months later than the Groundwater OU FS.
but the screening of vadose zone technologies and
alternatives can be integrated into the Groundwater
OU FS. The Groundwater OU FS needs to evaluate
the potential interactions of the vadose zone remedial
actions with the selected groundwater alternatives.

The interaction of the SVE removal action project
that is scheduled to begin conceptual design in
November 1993. and the potential interactions with
the groundwater alternatives will be evaluated in the

Groundwater OU FS.

The Groundwater OU will provide the monitoring require-
ments for the groundwater within each OU (additional
wells. analytical parameters. and frequency) to each
geographic OU (A through H). The wells will be installed
as part of the OU data collection efforts and will be moni-
tored under the Groundwater OU.

Interactions with the Basewide EE/CA for VOCs in the
Vadose Zone-The scope of the EE/CA is SVE removal
actions at highly contaminated sites across the Base. The
vadose zone projects from OU D will provide the following
information to the Basewide EE/CA.
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The RI and SVE treatability test data from Site S will
be used in the EE/CA to evaluate the removal action
alternatives.

The testing of the electron beam treatment technology
at Site S will provide information useful in the
continuous improvement of the SVE systems across
the Base.

The Basewide EE/CA and the Basewide Vadose Zone FS
appear redundant because they both are implementing SVE
across the Base. The principle difference between the two
projects is the extent and duration of the SVE action. The
Basewide EE/CA will evaluate the necessity of SVE
removal actions in highly contaminated areas but will not
evaluate the full extent of the remedial action. The
Basewide Vadose Zone FS will evaluate the full extent of
SVE remedial actions according to potential impacts to
public health and the environment, the performance data
from the Site S SVE Treatability Study, and the first
removal actions.

Interactions with Testing and Development of Innovative
Technologies Across the Base-The Basewide Vadose Zone
FS will use the available data from the Solidification/
Stabilization Treatability Study (Site 22, OU C) and the Ex
Situ Soils Bioremediation Treatability Study for SVOC and
metals contamination. The SVE Treatability Study data will
be used for the Basewide Vadose Zone FS.

The OU D groundwater projects include:

"* Additional investigations to determine the nature and extent
of (VOC and non-VOC) contamination including replacing
dry or nearly dry wells.

"* Extraction and treatment of AB-Zone groundwater

The OU D groundwater projects interact with the Basewide Groundwater
OU and the Basewide Vadose Zone FS as follows:

Interactions with the Basewide Groundwater OU-The
groundwater projects from OU D will provide the following
information for the Groundwater OU FS and Interim ROD:

Additional water quality and water level data will be
used to refine target volumes for remedial actions
particularly for deeper aquifer zones (B and C).

System response and performance data will be
collected from the operation of the extraction system
within OU D. These data will be used to develop and
simulate groundwater remedial actions.
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The groundwater monitoring locations, frequency,
and analyses will be provided in the Basewide
Groundwater OU. New wells will be installed as part
of the OU D data collection.

Interactions with the Basewide Vadose Zone FS-
Groundwater investigations will provide data for evaluating
interactions between the vadose zone and groundwater. The
potential impacts of the vadose zone remedial actions on the
groundwater will be evaluated in the Basewide Vadose Zone
FS. These evaluations will require calculating the benefits
to groundwater resulting from removal of vadose zone
contaminants. Groundwater data will be used in the
Basewide Vadose Zone FS to estimate acceptable residual
quantities of contaminants in the vadose zone that will not
generate a detectable flux to groundwater. This acceptable
residual quantity will assist in the formulation of cleanup
goals for the vadose zone.
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Chapter 3
Conceptual Model

A conceptual model for a specific site can mean many different things.
McClellan Air Force Base (McClellan AFB) offers the following defini-
tion for a conceptual model, which is the definition used in this report:

Conceptual Model A mental or physical construct of a site(s) system
that depicts processes affecting the transport of con- SOURCE
taminants from the source(s) through environmental V
media to receptors.

Transport, sources, media, and receptors are the key words in this
definition that drive the way the conceptual model for Operable Unit D
(OU D) is developed. The conceptual model will be used to clarify the
processes that impact contamination as it moves from sources through
pathways located within environmental media to receptors.

Pathway

The development of a conceptual model is a necessary part of any reme-
dial investigation. A well-constructed conceptual model leads to a better
understanding of the site and can be used by the investigator to identify
additional data needs, help select the best remedial action for the site, or
provide a rational basis for performing risk evaluations. The adjacent
figure is an illustration of the fundamental elements of the conceptual ______________ ,_1_____________
model. There are four basic elements that need to be considered when RtD 128_173
building a conceptual model:

1. Source: The source of contamination should be identified so that
the types and magnitude of contamination within the
source, the location and size of the source(s), and the time
frame over which releases from the source have occurred
are known.

2. Media: The physical properties of the media through which con-
tamination will move need to be identified. Subsurface
soils both above and below the water table are a common
type of environmental media. For the case of subsurface
soils, it is important to know the characteristics of the soil
matrix, the groundwater, and the soil air. The physical
characteristics of the media can have a profound impact on
the transport and transformation of contamination. As
examples, the mobility of volatile organic compounds
(VOCs) through the soils can be severely retarded if the
organic content of the soil is high; similarly, the mobility
of metals is strongly a function of the soil's pH.

3. Pathway: Pathways provide the connection between source and
receptor. The nature and location of the source and recep-
tor. as vell as the properties of the environmental media
that separate them, need to be known before pathways can
be identified. A good understanding of contaminant
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transport processes is a necessity to identify appropriate
pathways. Pathways are identified in detail in the risk
sse~qtm+wit (Whantp 5). sý.I -f .e pathway6 at
OU D is presented in this chapter for incorporation into the
conceptual model.

4. Receptor: Receptorr are the humans, animals, groundwater or, plants
that are exposed wo the contamination. A list of receptors
for OU D is developed in tme risk assessment (Chapter 5).
A summary of receptors is provided in tis chapter for
incorporation into the conceptual model.

The development of a conceptual model for OU D is particularly
challenging because of: (1) complex subsurface characteristics, which
are critical to elucidate if an accurate picture of pathways through envi-
ronmental media is to be developed, and (2) the number of interrelated
remedial acticns that are already being implemented at the site. These
remedial actions have a profound impact o- zihe tran-port processes
governing contaminant movement through environmental media. These
factors along with information on source areas and possible receptors are
combined in this chapter to provide an overall conceptual model for
OU D.

3.1 Limitations on the Data Used to
Develop the Conceptual Model

Before proceeding with a description of the conceptual model for OU D,
the data types used to develop the conceptual model along with the corre- Data obtained during the remedial
sponding data limitations are summarized. Data obtained during the investigation may be categorized
remedial investigation may be categorized into five different groups: (1) into five different groups: (1)
ambient air and crawlspace air, (2) shallow soil gas, (3) soil vapor moni- ambient air and crawlspace air,
toring well (SVMW) and downhole soil gas, (4) soils, and (5) ground- (2) shallow soil gas, (3) soil vapor
water. A brief description of these five data types along with corre- monitoring well (SVMW) and
sponding limitations is presented in Table 3-1. downhole soil gas, (4) soils, and

(5) groundwater.
The data types summarized in Table 3-1 are all used in one form or
another to develop the OU D conceptual model, despite the cited limita-
tions. The OU D conceptual model developed in this chapter should be
thought of as a constantly evolving tool that is subject to change as more
data become available and uncertainties are reduced to lower levels.

RWDIOOI2C4B.WP5(OU D RI) 3-2 6/6/94



Table 3-1

Data Types and Limitations at Operable Unit D

Data Type Data Use Data Limitation

Ambient Air and The purpose of the air sampling was to estimate the amount The risk assessment found that the air
Crawlspace Air of contaminant exposure to residents living adjacent to data did not exceed background levels for

OU D. The data were used to support a risk assessment (see VOCs. This made it impossible to deduce
Chapter 5). A Level IMl analytical level was obtained for whether a surface flux of VOCs from the
these data. subsurface to the air exists at OU D. The

conceptual model will assume that such a
surface flux exists; however, the risks

associated with the flux cannot be
quantified with current data.

Shallow Soil Gas The shallow soil gas data were used to help estimate the The shallow soil gas data were used to
horizontal extent of vadose zone VOC contamination and also help define the locations to take deeper
to help determine locations for taking deeper soil gas soil gas data measurements. However,
samples. The data were generally at an analytical level of 11 the use of soil gas data to delineate the
(onsite mobile lab), but 10 percent of the samples were con- horizontal extent of contamination is
firmed using a Level M analytical level (offsite laboratory). limited bcsause shailow soil gas saii,e•es

are only taken at a depths of approxi-
mately 5 to 10 feet bgs. The horizontal
extent of VOC contamination developed
as part of OU D's conceptual model is
based in part on shallow soil gas data. and
also on the results of contaminant
,-ansport modeling.

SVMW and Downhole SVMW and downhole soil gas samples were taken to SVMW data were obtained from 12 A ells
Soil Gas characterize the vertical and horizontal distribution of VOC constructed during t. 'U.. and Q

contamination. These data are used to support mass estimate previously existing wells, for a total of 21
calculations. The data are obtained at an analytical level of SVMWs. The SVMWs are grouped in
M (offsite analysis at a certified laboratory) for SVMW clusters of three, yielding seven discrete
samples and Level 11 for downhole soil gas samples. locations where the vertical distribution of

VOCs was measured. In addition, five
dry or nearly dry groundwater monitoring
wells were also sampled for soil gas.
Downhole soil gas data were obtained

from nine different borings, five of which
were completed as SVMWs. .n total, the
vertical distributions of VOCs were

estimated at 16 discrete points. This is
approximately one sampling location for

every 9 acres of land at OU D. There

may be variations in the contaminant
distribution between data points that are
not detected.

Soils Soil data were obtained for VOCs, semivolatile organic No notable limitations. The data are
compounds (SVOCs), pesticides/polychlorinated biphenyls reasonably adequate to define the extent
(PCBs). metals, and dioxins. The data were taken to charac- of contamination so that remedial design
terize the vertical and horizontal extent of soils can begin.
contamination. The soil VOC data were also compared to
the soil gas VOC information to establish a relationship
between the two. Soils testing was performed at an analytical
level of ill.

Groundwater Groundwater data were obtained for VOCs, SVOCs. No notable limitations. The data are
pesticides/PCB&, and dioxins. The data were taken to esti- reasonably adequate to define the extent
mate the horizontal and vertical extent of contamination in of contamination so that remedial design
the groundwater. Groundwater testing was performed at an can begin.

analytical level of M.
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3.2 Previous Conceptual Models of
Operable Unit D

Operable Unit D has a long history that extends back to the early 1940s.
Several changes have occurred at OU D over the years, many of which
have had a significant impact on the transport of contamination through
the subsurface. Five different e, ents at OU D have been identified that
have had the most profound impacts on the discharge and transport of
contaminants in the subsurface: (1) waste pit operation, (2) limited exca-
vation of wastes from the pits, (3) construction of an impermeable cap,
(4) implementation of a groundwater extraction system. and (5) impleme-
ntation of a soil vapor extraction (SVE) treatability study. In addition to
these five events, groundwater levels at OU D have been subject to
significant long-term decline. The timeline during which each of these
events occurred is shown in Figure 3-1.

19K 198L1r 2 0 1990J 2000!i

:Waste Pit Operation

;Limited Pit Excavation and
Backfill

Construction and
;:Maintenance of
Impermeable Cap

Installation and Operation of
"Groundwater Extraction FIGURE 3-1'System EVENTS THAT LED TO

Installation and Operation of CURRENT CONCEPTUAL
;Soil Vapor Extraction MODEL OF OPERABLE UNIT D
System OPERABLE UNIT D

McCLELLAN AIR FORCE BASE
___...._SACRAMENTO, CALIFORNIA

RDD 1283 DR25
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Each of the five events shown in Figure 3-1, along with the long-term
water table cteclines, created a particular conceptual model of the site for ..
the time period during which the event occurred. When the waste pits
were in operation, precipitation entered the waste easily and infiltrated W1.
down to the groundwater table where contamination could move and
spread. Ground surface exposure to the contamination was also probably
occurring because there was no barrier between personnel disposing of
the waste and the waste pits.

When limited pit excavations occurred in the late 1970s, some of the

waste material was removed, and there was less waste exposed to infil-
trating precipitation and less waste that could create exposures at the
ground surface. However, the waste that was left in place still would
have acted as a source of groundwater contamination, and some ground
surface exposures still would have occurred.

The first significant remedial action at OU D occurred in 1986 with the
completion of the impermeable cap over the waste pits. The cap func- .. :,.i.n
tions to minimize the amount of incoming infiltration, and thereby
minimizes leaching of contaminants to groundwater. Also, the cap is a
barrier betwcz-n the waste pits and personnel at the ground surface, mini-
miring the potential for surface exposures. However, contamination is ..

not completely immobilized by the cap. Volatile organic contaminants
still have the potential to diffuse out radially from underneath the cap
where they will again have the potential to become entrained in infiltrat-
ing rainwater and be transported downward to the groundwater; alterna-
tively, the contaminants may diffuse to the ground surface, creating B .

surface exposures.

A groundwater extraction system was placed into operation in 1987.
This system captures contaminated groundwater that underlies the OU D
waste pits and treats the groundwater at the surface. This system
prevents the contaminated groundwater under OU D from spreading, and
potentially contaminating aquifer systems that are currently clean. The
groundwater extraction system does not affect the lateral migration of -7 trom•iite

VOC contamination in the vadose zone.

An SVE system treatability study Aa laced into operation in early
1993. This system is designed to coý. eract the passive migration of
VOC contamination in the vadose zone under the cap and, by creating a
subsurface suction, remove contaminated vapors from the waste pits and
underlying soil. Treatability study data to date have shown that, over a
I-month time period of operation, the pilot-scale SVE system removed C. Cs .i a . ,
and treated nearly 25,000 pounds of VOCs. The SVE system was shut . .I b
down in May 1993 because of excessive hydrochloric acid (HCI) in the RD01283_•g
offgas treatment stream. The system is schedulcd to go back online in
January 1994, equipped with a scrubber that will remove the HCI from
the airstream.

An illustration of how the OU D conceptual model has changed over FIGURE 3-2
time is provided in figure 3-2. CONCEPTUAL MODEL

CHANGES OVER TIME
OPERABLE UNIT D
McCLELLAN AIR FORCE BASE
SACRAMENTO, CALIFORNIA
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3.3 The Operable Unit D Conceptual
Model

The four elements of the conceptual model: sources, environmental
media, pathways, and potential receptors are all characterized indivi-
dually before assembling them together to form the overall conceptual Ground

model for OU D.

3.3.1 Sources

As desribed in Chapter 1, OU D began as a series of individual waste E System

pits that were excavated and usew as depositoiies for waste types
generated by McClellan AFB activities. A variety of different waste

vents, and miscellaneous solid wastes. According to waste sampling data

obtained during a 1984 site characterization study, the total source vol-
ume beneath the area D cap is estimated at 43,100 cubic yards (CH2M
HILL. 1985).

Waste samples were taken during the 1984 site characterization study.
The maximum detections for a variety of contaminants from the former
waste pit areas (source areas) are summarized in Table 3-2. Waste pits
CS 1 through 6, CS 26, CS S, and CS T were sampled in 1984, and
CS S was further characterized in 1991. [Dcailed discussion of the soil
results is given in Appendix F. The large variety of contaminant types co~ted Va•,•

reflected in Table 3-2 illustrates the complexity of the waste mixtures
that were disposed of in the source areas.

Table 3-2___ ROD!283_20'
Contaminant Characteristics of the Source Area'

Maximum
Maximum Concentrations
Waste Pit from 1991 SVE
Concentrationb Treatability

Contaminant -(,gk) Study' ;L!g/kg)

Volatile Organic Compound.s

Trnchloroethvlene 350,000 172,000 FIGURE 3-2
Toluene 330.000 160,000 CONCEPTUAL MODEL
1.1. I -Trichloroeth ne 300,000 687,000 CHANGES OVER TIME

OPERABLE UNIT D
Xylenes. Total 140.000 35.000 McCLELLAN AIR FORCE BAStE

1,1-Dichlornethane 110.000 16.000 SACRAMENTO, CALIFORNIA

trans-I , ZDichloroethylene 75,000 35.000

Acetone 65,000 170.000

Ethylbenzene 45.000 6,700

Tetrachlorowthylene 36,000 425,000

4 Methyl-2-pentanone 18.000 14,000

Chlorohenzene 17,000 200,000

Vinyl Chlonde 15,000 70

Methylene Chloride 7,600 4,588,000
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Table 3-2
Contaminant Characteristics of the Source Area'

Maximum
Maximum Concentrations
Waste Pit from 1991 SVE
Concentration' Treatability

Contaminant (jig/kg) Study° (ag/kg)

1, l-Dichloroethylene 6,800 1,600

2-Hexanone 1.300 1,700.000

Carbon disulfide 160 N D

Chloroform ND 1.4

Freon 113 NA 14,000 Patrol
1.2-Dichloroethane ND 2.620 Road
Benzene ND 300

Carbon Tetrachloride ND 32

Semnivolatiles

1.4-Dichlorobenzene 520,000 150,000

1,2-Dichlorobenzene 380,000 21,000

bis('-ethylhexyl')phthalate 250.000 61.000

4-Methylphenol 76.000 5,100 3
Naphthalene 64,000 3.200

1,3-Dichlorobenzene 42.000 28 'ý)0

di-n-butyl phthalate 19,000 550

2-4-Dimethylphenol 15.000 620

Phenol 13.000 280

t.2.4-Trichlorobenzene 4.900 4,000

3.4-Benzofluoranthene 2.900 ND

Benzo(k)fluoranthene 2,900 ND --- Waste Pit
Phenantrirene 2.000 2.000 Source
Pvrene 2,000 ND Areas
Fluoranthene 1.800 580

Chrvsene 760 ND

Anthracene 440 ND

Benzo(a)anthracene 370 ND

Fluorene 170 ND
128358

Benzyl Alcohol NA 49.000

Butvl Benzvl Phthalate ND 2,000

2-Methyl naphthaiene ND 8.800

2-Methyl phenol NA 65

Benzoic acid NA 170

1.2.4 Trichlorobenzene ND 4,000

Metals

Chromium 33,000 000 77.9

Lead 4,500,000 136

C.,pper 4,200,000 197

Cadmium 150,000 40
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Table 3-2
Contaminant Characteristics of the Source Area-

MaxLaA
Maximum Concentrations
Waste Pit from 1991 SVE
Concentratione Treatability

Contaminant (ug/kg) Study' (AgAkg)

Nickel 55,000 ND

Cyanide 100 ND

Zinc ND 98ý

PCBs

Aroclor 1260 8.5 ND

Note:
ND = Not detected.
NA = Not analyzed.

"Maximums detected during 1984 site characterization study.
'A total of 55 samples were analyzed and evaluated.
'A total of 9 samples were analyzed and evaluated.

3.3.2 Environmental Media

Three different media have the potential to be affected by contamination
that migrates from the sources: (1) soils above the water table (the
vadose zone), (2) the groundwater, and (3) air above the ground surface.
A discussion on the different properties of these media is presented in
this section, along with a general description of how these properties
affect contaminant transport. More specific discussions on the extent of
contamination in these media may be found in Chapter 4.

Properties of the Vadose Zone Medium

Subsurface materials consist of varying ,"mounts of clay, silt, and sand
with occasional occurrences of gravel. These materials were deposited in
a fluvial/alluvial environment that has yielded a heterogeneous formation,
which has been roughly divided into the vadose zone and aquifer zones A
through E.

Within the vadose zone, deposition of materiaas occurred primarily
through shallow braided streams. According to site stratigraphy and
available geologic literature the width of these streams is highly variable,
ranging from as narrow as 10 feet to several hundred feet wide. Because
braided streams are generally unstable and prone to continual channel
migration. the channel or stream deposits within the vadose zone at
OU D are extremely complex and can be defined only in approximate
terms. Locations of ancient depositional channels are inferred using
lithology from well and boring logs, and are therefore referred to as
lithologic channels. Figures 3-3 and 3-4 illustrate site stratigraphy in
cross section, and Figure 3-5 is a schematic rendering of lithologic
channels in 10-foot elevation increments.
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Because most of the A-, B-, and BP- borings drilled in 1984 were drilled
to 80 feet bis or less, the available lithologic information decreases
significantly below 80 feet bgs. For this reason, and because this report
focuses upon the vadose zone, lithologic channel locations below
Elevation -20 (approximately 80 feet bgs) are not presented, although a
portion of the A aquifer zone is shown in the cross sections.

Following is the approach for development of cross sections and
lithologic channel locations:

Obtain Borehole Data -Well and boring logs from historic
and current operations are obtained.

"* Divide Lithology -Lithology indicated in logs is divided
into three soil types: coarse, intermediate, and fine
materials. Rationale for these soil types is included in
Appendix D.

Because there is abundant fill and waste material in the top
30 feet of various pits at OU D, waste is mapped as a
fourth lithologic unit. (Waste has not been consistently pre-
sented in borehole and well logs; therefore, not all waste
that exists at OU D has been mapped.) This minimizes the
potential for confusing fill with naturally occurring
materi.;s.

" Prepare Stratigraphy in Plan View-Lithology for each
borehole is plotted in plan view on an OU D map in succes-
sive 10-foot elevation increments. The resulting maps give
an approximate depiction of the depositional setting specific
elevations. This construction requires no additional adjust-
ments because these units were deposited in a relatively
level setting with little to no tectonic or structural
disturbances.

"* Develop Stratigraphy in Plan View and Locate Lithologic
Channels-Cross sections and lithologic channel locations
are developed through an iterative process linking laterally
continuous coarse-grained units between successive plan
view maps.

The coarse materials shown in Cross Sections A-A' and B-B' correspond
generally to the lithologic channels in Figure 3-5. In general, the con-
fidence with which a channel can be located is directly proportional to
the vertical or lateral extent of the coarse deposit. Therefore, a channel
with little to no migration or a channel with significant width can be
identified with more certainty than a small channel that frequently
migrates. For example, during deposition between Elevations 60 to 30
feet msl, channels appear more persistent in both lateral and vertical
extent. In Figure 3-5, a single heavy line or fill pattern defines
continuous or laterally extensive coarse deposits, respectively. Where
coarse deposits have reduced lateral continuity, a dashed line defines
their location. In contrast, between Elevation 0 to -10 feet msl, the
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channels are less persistent and more sinuous. These deposits appear to
reflect a relatively quiet depositional regime; therefore, the lithologic
channels are also defined by intermediate materials, corresponding to the
reduced carrying capacity of the streams. The lithologic channels
defined by intermediate materials are shown as dotted lines in
Figure 3-5.

The transport of contamination through the vadose zone soils is
influenced by a variety of soil properties. including intrinsic permeability
in the vertical and horizontal directions, water saturation, and organic
carbon fraction. Estimated values of thcse properties for sand and silty
clay units at OU D are summarized in Table 3-3 and discussed in
Appendixes C and D. The impact that each of these properties has on
contaminant transport is also included in Table 3-3.

As can be seen by reviewing the data in Table 3-3, the sand units gener-
ally have higher intrinsic permeabilities and lower percent saturations
than the finer-grained silty units. The implication is that contaminated ",a"1
soil gas will more easily move in the sandy units of the vadose zone in 'oe}
both the horizontal and vertical directions. S b,

Organic carbon fractions for the sand units are not available. However.
previous experience has shown that sand generally has organic fractions
that are lower than finer-grainet siit and 'lay material (Bohn, et al.,
1985). If this is the case at OU D, organic contaminants will more
easilv adhere to the fine-grained units. Therefore. the silty units in the D PL-i

vadose zone provide a mechanism for slowing the transport of containi- p aseousPhase
nants in the subsurface. a

In the vadose zone. VOCs will partition into at least four phases as listed ,oo,,,,_,2o
below, and as shown in the pull quote figure to the right.

1 Free or residual VOC product present on the nonwetted surfaces of VOC PARTITIONING
soil particles. This is the "pure product" form of the VOCs and is IN VADOSE ZONE
referred to as nonaqueous phase liquid (NAPL).

2 VOCs dissolved in the porewater.

3. VOCs sorbed (attached) to the mineral and organic components of
the soil particles.

4. Vapor-phase VOCs which are present as gas in the interstitial pore
spaces of the soil. This is the phase targeted by the SVE treata-
hility study at OU D. The dissolved and pure product phases are
also addressed by the SVE system because they volatilize into the
vapor-phase, as previous vapor phase VOCs are removed from the
soil.

An illustration of the four phases in the soil matrix is provided in the
figure to the right,

RI)DwcE)I2'1R ApT ,ol* I) R1, 3-16 6,'6Q4



Properties of the Groundwater Medium

The water table under OU D exists at approximately 100 feet below
ground surface (bgs). For the purposes of classifying the hydrogeology
under OU D, three different water bearing units have been identified:

I. Zone A-ground surface to 134 feet bgs. The zone becomes
saturated at a depth of approximately 99 feet bgs. This zone used
to have a saturated thickness substantially thicker than 35 feet, but

groundwater declines in recent years have led to near desaturation
of this zone.

2. Zone B-134 to 194 feet bgs.

3. Zone C- 194 to 274 feet bgs.

Table 3-3
Vadose Zone Soil Properties at Operable Unit D

Silty Clay Units Impact on Contaminant
hr(iperL t•Sand Units Transport

Vertical Intrinsic 0.02 to 1.5 0.001 to 0.5 Low intrinsic permeabilities
Permeability (darcies) imply more resistance to

contaminant transport either
in solution or in gaseous
phases.

Horizontal Intrinsic 0.1 to 1.7 0.1 to 1.5 Low intrin.'ic permeabilities
Permeability (darcies)r imply more resistance to

contaminant transport either
in solution or in gaseous
phases.

Percent Saturation (%) 47 to 75 63 to 86 As percent saturation

increases, the ability of the
vadose zone medium to
convey air flow decreases
because there is less air in
the voids and more water.

Fraction Organic Not 0.001 to 0.006 High organic carbon
Carbon (--) Available fractions in the soils allow

for more retardation of
organic chemicals during
transport because they tend
to adsorb to the organic
material in the soil matrix.

"lntrinsic permeabilities are based on laboratory tests. Field permeability testing at Site S
indicates higher permeabilities ranging from 3 to 200 darcies. Nine sample locations were
evaluated in Site S.
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Prior to the installation and operation of the six groundwater extraction The extraction system appears to
wells in 1987, groundwater movement was in a south/southwesterly successfully stop the lateral move-
direction in the A Zone, and north/northeasterly direction in the B and ment of contaminated groutndwater
C Zones. The extraction system appears to successfully stop the lateral in the A and B Zones.
movement of contaminated groundwater in the A and B Zones. (Chapter
7 of this report provides more detail on the extraction system.) Data also
suggest that the vertical movement of groundwater beneath OU D is
impeded by the extraction wells. Data suggest that the extraction system
may not capture all of the flow in Zone C, but Zone C is not thought to
be contaminated at this time (refer to Appendix E).

The majority of contamination that enters the groundwater trom the
vadose zone at OU D will be captured and eventually removed by the
extraction system. Some contamination may not be captured if it enters
the groundwater at a location that is not subject to influence from the
extraction system.

Properties of the Air Medium

The air medium has the potential to be impacted by VOC contaminants
that migrate from the OU D source areas through the ground surface.
Ambient air in open space has the potential to become contaminated, as
does air in more confined crawlspace areas that may have little enough
ventilation to allow contamination to build up. In addition, contamina-
tion has the potential to migrate into indoor air as might occur at
Building 1093. Because of their volatile nature, VOCs are the only
contaminant type that have the potential to contaminate this media. Air
sampling has been performed during this Remedial Investigation (RI), the
results of which are summarized in Chapter 4. Detailed summaries of
crawlspace and ambient air data are provided in Appendix A. Risks
associated with the inhalation of contamination that may migrate into the
air media are discussed in Chapter 5.

3.3.3 Pathways

As described in Chapter 5, there are three different exposure pathways of
concern at OU D:

I Inhalation of VOCs that migrate from the source areas into
Building 1093.

2. Exposure of residents that live offbase to VOCs that migrate from
the source areas to groundwater and avoid capture by the ground-
water extraction system.

3. Exposure of residents that live offbase to VOCs that migrate from
the source areas into ambient air and air that exists in crawl-
spaces.
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This section describes the transport and transformation mechanisms that
will impact the contamination as it moves through these three pathways.
Detailed exposure assumptions and risk evaluations for these pathways
are discussed in Chapter 5.

Vadose Zone Transport Processes

VOCs may be subject 'o significant transport in the vadose zone when
they reside in one of the following three phases: (1) gaseous, (2) solu-
tion, or (3) pure product (NAPL) phase. The significant transport pro-
cesses are different depending on the VOC phase. Transport in each of
these phases is discussed separately.

Contaminant properties that affect transport are presented in Appendix J,
for the chlorinated VOCs trichloroethylene (TCE), 1,1,1 -trichloroethane
(I 1,1 -TCA), 1,1 -dichloroethylene (1,1-DCE), tetrachloroethylene
(PCE), and Freon 113. Mass estimate calculations performed in
Appendix G indicate that these five contaminants comprise over 99 per-
cent of the speciated VOC mass in the vadose zone. Non-chlorinated
VOCs, such as petroleum hydrocarbons, are also likely to contribute
significantly to the totz VOC mass. The focus of this sectiou is on the
transport of VOCs, because at this time '- ,,'Cs are the primary contami-
nant type detected in groundwater (see Appendix E). Other types of
contaminants such as SVOCs, dioxins, or heavy metals also have the
potential to migrate downward to the groundwater table, particularly if
they become entrained in VOC NAPL that moves down under the influ-
ence of gravity. In fact, as shown in Appendix E, some contaminants
have been detected in the groundwater. Additional groundwater data will
be obtained during the basewide interim groundwater response action to
ensure the selection of a groundwater treatment system that can

,,, all of the cuntaminants found in grouudwater.

Gaseous-Phase Transport. Both diffusive and advective mecha-
nisms impact the transport of VOCs in the gaseous phases. Modeling
studies have been conducted (Mendoza and Frind, 1990) that evaliate. the
difference between diffusive and advective gaseous transport mecha-
nisms. Diffusive movement caused solely by soil gas concentration Gaseous-phase contaminant move-
gradients results in nearly uniform spreading of contamination outward ment under OU D results front a
from vadose zone source areas. Diffusive movement also tends to be superposition of both diffusive and

slower than advective movement. Diffusive domioated migration in the advective processes.
vadose zone usually occurs in highly impermeable soils (Mendoza,
1992), which do not exist at OU D. Advective mechanisms involve
density-driven movement of the gas phase contaminants because of gravi-
tationai iorces. Advection causes a movement bias downwar: (in the
direction of gravity) Gaseous-phase contaminant movement under
0I 1 1) results from a superposition of both diffusive and advective
processes.
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A summary of theoretical ga&,eous-phase transport of 1, I -DCE from
under the OU D cap after a time period of 50 years is provided in
Figure 3-6. A detailed description of the modeling assumptions that
were used to generate Figure 3-6 are presented in Appendix J. The
effects of advection can clearly be seen in the figure, where the
contaminant concentration contours "bulge out" at the groundwater table.
The implication is that, at any particular location laterally away from the
cap, gaseous-phase concentrations in the vadose zone increase with
depth. Shallow soil gas data alone therefore has limited use in estimating
thf. true three-dimensional extent of VOC contamination.

Solution-Phase Transport. Where it can occur, vertical infiltra-
tion of precipitation is the most significant mechanism for transporting
solution-phase contamination vertically downward to the groundwater Where it can occur, vertical infu'-
table. The VOC contaminants become dissolved in the porewater and tration of precipitation is the most

are transported downward at the rate of infiltration, significant mechanism for trans-
porting solution-phase contamina-

The impermeable OU D cap currently inhibits the infiltration of precipi- tion vertically downward to the

tation through contaminated regions that underlie the cap. Solut:on-phase groundwater tabte.
contaminant transport is therefore probably minimal under the cap.
However, when gaseous-phase VOCs migrate laterally into areas that are
not protected by the cap, infiltrating precipitation will dissolve some of
the contamination and transport it to the groundwater table. During the
time period when the cap did not exist (1943 to 1984) precipitation came
in direct contact with the waste, and vertical solution-phase contaminant
transport to groundwater did occur.

The second mechanism that may be responsible for solution-phase trans-
port in the vadose zone is the regional decline in groundwater levels. In
the 1950s, the groundwater table at OU D was approximately 70 feet
higher than it is today and may have been in direct contact with the waste
material. As the water level declined, dissolved contaminants would
have retreated with the groundwater, but some of the contamination
would remain behind in the vadose zone as residuals. This concept is
illustrated in Figure 3-7. This "smear zone" of contamination may
include SVOCs and metals, as well as VOC contamination.

Nonaqueous-Phase Liquid Transport. There are two signifi-
cant forces that impact the transport of NAPLs in the vadose zone:
( I ) gravitational forces and (2) capillary forces (surface tension) (Cohen
Pnd Mercer, 1993). Gravitational forces pull the NAPLs downward
toward the water table. Capillary forces resist this gravitational force via
surface tension effects between soil particles. When gravitational forces
are exactly counterbalanced by capillary for,"ec, 'he NAPLs will lie at
rest in the vadose zone.

It is not known if NAPLs at OU D are lying a( rest or still progressing
tinder gravitational forces toward the water table. The OU I) cap will
not prevent the downward migration of NAPLs. If they are still moving
downward, large "slugs" of contamination may eventually enter the
groundwater. The point of entrance would almost certainly be within the
zone of influence of the groundwater extraction system because the
NAPIs are expected to exist in the former waste pit areas. However,
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FIGURE 3-7
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the NAPLs may not be captured by the extraction system if gravitational
forces are large enough to overcome the hydraulic gradients imposed by
the extraction system and drive the NAPL contamination from the A and

B Zones into deeper aquifer systems (C, D, and E Zones). To date. data
do not indicate groundwater contamination in deeper aquifer systems. but
the potential does exist.

Natural Attenuation and Transformation of
Contamination

As identified in the risk assessment, seven chlorinated VOCs are of
major concern at OU D: TCE, 1,1lI-TCA, l,1-DCE, PCE, Freon 113,

i.2-DCA. and vinyl chloride (a highly toxic product of chiorinated-VOC
degradation). Transformation pathways are depicted mn Figure 3-8. The

1.2-DCA and vinyl chloride have been detected at OU D at low levels,
as described in Chapter 4. Their presence suggests that some natural

attenuation may be occurring. In addition, 1,1-DCE, a much more
common VOC at OU D. may also be a degradation product. Data are
inadequate to assess rates of transformation; however, the high levels of
TCE and 1. 1, 1 -TCA that are still present at OU D indicate that natural
transformation is not rapid enough to realistically remediate the contami-

nation at OU D. Natural attenuation of Freon 113 is not well under-
stood. Freon 113 is ubiquitous within OU D and is likely not

transforming rapidly in the subsurface.

Groundwater Transport Processes

After contamination enters the groundwater via transport from source
areas in the vadose zone, the contaminants will generally move in the
direction of groundwater flow. However, the contamination will not
move at the same rate of flow as groundwater because of transport retar-
dation attributed to sorption/desorption on the soil matrix.

As discussed previously, long-term groundwater declines in the aquifer
systems underlying OU D have occurred in both the A and B Zones.

These declines have now nearly resulted in desaturation of the A Zone.
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As the groundwater levels decline, a larger distance of vadose zone soil
develops that can act as a buffer between the source areas and the
groundwater. Also, contamination tbat -'_ 5iEolved ir the groundwatpr

will move down vertically with the decline in water levels. Water level
hydrographs for the A and B Zones which show the water level declines
over the last 9 years are p~ovided in Figures 3-9 and 3-10. A hydro-
graph of a monitoring well cluster showing water level changes near the
boundary of influence of the groundwater extraction system is provided
in Figure 3-11. A large decline of roughly 10 feet is noted in the B
Zone well in the first quarter of 1988. The reason for this temporary
decline is not known, and may be an anomalous data point.

The groundwater extraction system has created gradients in the ground-
water under OU D that capture contamination and force it to flow
through extraction wells, where the contaminated groundwater is
removed and treated. The extraction system influences both the A and
B aquifer zones. Water level contour maps used to show the extent of
horizontal capture in these two zones are shown in Figures 3-12 and
3-13. A water level contour map used to illustrate the areas at OU D
where vertically upward flow is induced, and vertical capture of contami-
nation is obtained is shown in Figure 3-14. Data shown on Figures 3-12,
3-13, and 3-14 are from June and July 1992 because this is the most
recent complete snapshot of the data. Wells installed during 1993 are

shown on the figure, but data from these wells are not directly
comparable to 1992 data because of the regional decline in water
elevation.
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3.3.4 Receptors

As identified in the risk assessment (Chapter 5), three different types of

receptors have been identified for OU D:

1. Onsite workers at Building 1093-McClellan AFB employees
that work at Building 1093 have the potential to be exposed to soil
gas contamination that migrates from the source areas through the

vadose zone and enters Building 1093 through cracks in the foun-
dation.

2. Offbase residents that use groundwater wells-When a ground-
water problem was first identified at OU D, McClellan AFB
placed effected groundwater users on a municipal water supply
system to try to minimize residential exposures to the contamina-
tion. Some of the groundwater wells may have been reconnected
and may be used for sprinkler irrigation purposes. Although direct
evidence that this has happened does not exist, persons in contact
with this sprinkler water are considered receptors. ATSDR has
identified this as a possible pathway since all of the wells have not
been abandoned. Several community members asked ATDSR
during a public meeting about risks associated with use of ground-
water for irrigation.

3. Offbase residents immediately west of OU D-There are four
residences to the west of OU D that have crawlspaces that can
accumulate soil gas contamination as it migrates laterally away
from the source areas. McClellan AFB has been monitoring con-
taminant concentrations in the crawlspaces. The contaminants may
migrate into the living spaces from the crawlspaces. Residents that
may be exposed to contaminants in crawlspaces and living spaces
are also considered receptors.

Chapter 5 provides a detailed discussion of the risks posed to these
receptors. At this time, on the basis of the risk assessment, exposure
caused by inhalation of VOCs at the surface is not thought to pose a
significant risk. Figure 3-15 is a conceptual diagram illustrating the
relationship of the three receptor types to the OU D source area.

3.4 Conceptual Model for Operable Unit D

The four elements of the conceptual model (source, media, pathways,
and receptors) may now be assembled together to create a working ver-
sion of a conceptual model for OU D. Figure 3-16 is an illustration of
this conceptual model. The cap boundary, estimated maximum lateral
extent of vadose zone contamination, estimated zone of influence of the
SVE system, and estimated zone of influence of the groundwater extrac-
tion system are all shown on the conceptual model figure.

RDD10012C4B.WPi (OU D RI) 3-30 66 Q4
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The following notes should be made regarding the conceptual model:

1. The estimated lateral extent of vadose zone VOC contamination is
based on VapourT modeling, as described in Appendix J.

2. The estimated zone of influence for the SVE system was taken as
100 feet beyond the cap boundary, derived from oxygen increases
measured in vadose zone monitoring wells when the SVE system
was turned on. Discussion on these oxygen increases is presented
in Appendix C. The Basewide EE/CA for McClellan AFB states
that the SVE system at OU D may be impacting the entire area
under the cap. However, it is not known if the current SVE
system can clean up OU D within a reasonable time frame. As
described in Chapter 8, additional data are needed during remedial
design to determine the final configuration of SVE wells at OU D.

3. The estimated zone of influence of the groundwater extraction
system was based on water level evaluations, as presented in
Appendix E

As can be seen from Figure 3-16. the maximum lateral extent of VOC
contamination in the vadose zone extends significantly beyond the cap
boundary. and likely exceeds the current zone of influence of the SVE

RtDD10012C4B WP5 (Oil D RIh 3-31 w'it Q4



system. The "hot spots" of contamination in the immediate vicinity of
the cap area are captured and treated by the SVE system, but some of the
VOC contamination does avoid SVE capture. A larger fraction of the
total lateral extent of VOC contamination is encompassed by the ground-
water extraction system zone of influence. This means that most of the
contamination that infiltrates into the groundwater from the vadose zone
will be captured and eventually treated by the groundwater extraction
system. There may be, however, some areas of the vadose zone contam-
ination that enter the groundwater at lateral distances large enough from
the center of the groundwater extraction system to avoid capture, Water
quality data have not indicated that this has occurred yet, but monitoring
should be continued to check for the possibility.
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Chapter 4

Analytical Results and Interpretation

"This chapter provides summary results and interpretations of data
collected during remedial investigations within Operable Unit D (OU D)
at McClellan Air Force Base (McClellan AFB). Included are summaries
and interpretations of residential crawlspace and ambient air data, soil

data, shallow soil gas survey data, soil vapor monitoring well (SVMW)
data, and groundwater monitoring well data. More detailed data from
each investigation are provided in Appendixes A through K.

4.1 Analytical Results

This section summarizes analytical results from ambient air, soil, soil
gas, and groundwater collected during fieldwork conducted to support the
OU D Remedial Investigation (RI) and historical investigations. Ranges
of concentration and contaminant frequencies are given for each contam-
inant type (e.g., volatile organic compounds (VOCs), semivolatile
organic compounds (SVOCs)).

4.1.1 Crawlspace and Ambient Air Samples

Detailed summaries of residential crawlspace, ambient air, and domestic

groundwater well airspace data, including time series plo-, compound-
specific comparisons to background levels, and data evaluations, are

provided in Appendix A.

Crawlspace and ambient air samples have bLen collected from the Higgs,
Ackinan. Hancock. and Story residences during three sampling episodes
from i984 to 1993. Each RI sample was collected over 24 hours using
evacuated stainless steel canisters equipped with airflow regulators. The
samples were analyzed for low-concentration VOCs to evaluate the levels
of airborne contaminant exposure to the residents. The following list
summarizes the sampling programs that have been conducted:

1992 to 1993 -Crawlspace and ambient air sampling
"conducted by CH2M HILL during June 1992, September
1992, Echrnarv 1993, and NMav 1993. One domestic
groundsalcr well airspace sample was collected in June
19•2. The analytical results for this sampling effort are

pr-. ided in Appendix A. Attachment A3.

1986 to 1987 - (rawlspace and background ambient air

vIf mp•lp conducted 1wN Mc( lellan AFI during April 19M,
JuIN I 98h,, t)ctober 19M,, and January 19,7. The aialvtical
rc'Sults o"r this sampling Alort are provided in Appendix A.
,tl liinct A2

11194 tii I 985 - traw' Ispace and domslic erorundd aiter wetll
irpa'ce .siiiiplinc ,ondictod b11 thu i alifornia l)epirtmonti
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of Health Services (DHS), now the Department of Toxic
Substances Control (DTSC), during October 1984,
December 1984, and February 1985. Analytical results for
this sampling effort are provided in Appendix A, Attach-
ment Al.

Compounds detected during June 1992, September 1992, February 1993,
and May 1993 crawlspace and ambient air sampling included several
halogenated and aromatic VOCs. Concentrations of VOCs in the crawl-
spaces and ambient air near the residences were generally similar to the
concentrations in the background ambient air (see Appendix A). The
most frequently detected compounds included: 1,1,1 -trichloroethane
(1,1,1 -TCA); 1,1-dichloroethylene (1, I-DCE); 1,2,4-trimethylbenzene,
1,3,5-trimethylbenzene; 1,4-dichlorobenzene; benzene; carbon tetrachlo-
ride; dichlorodifluoromethane (Freon 12); ethylbenzene; methvyene
chloride; xylenes; styrene; tetrachloroethylene (PCE); toluene, trichloro-
ethylene (TCE); and trichlorofluoromethane (Freon 11).

Vinyl chloride was not detected in any crawlspace or ambient air sample
during the 1992 and 1993 sampling efforts. The compound-specific Vinyl chloride was not detected in
detection limits for vinyl chloride ranged from 0.080 to 0.20 ppbv, any crawlspace or ambient air
except for one ambient air sample collected in June 1992 that had a sample during the 1992 and 1993
detection limit of 1.0 ppbv. Vinyl chloride was not found above a detec- sampling efforts.
tion limit of 0.03 ppbv during the 1994-85 sampling. Durir.g the
1986-87 sampling, vinyl chloride was not found above a detection limit
of 1.174 ppbv.

Historical data from the 1986-87 and 1984-85 crawlspace and ambient air
sampling were generally similar to the data collected in 1992-93. Similar
species and concentrations of airborne compounds were detected during Crawlspace concentrations of
each effort. Concentrations detected in crawlspace and ambient air VOCs were generally similar to
samples generally were less than I ppbv, and generally resembled those found in the background
concentrations detected in background samples collected near McClelian ambient air.
AFB, and in background samples collected in the Sacramento area by the
California Air Resources Board. Concentrations of I,1,-TCA were
noticeably elevated from background levels during sampling in 1992.
One ambient air sample, collected in June 1992, detected a concentration
of 2,600 ppbv which exceed a health-based limit in air (the Preliminary
Remediation Goal) of 184 ppbv. A second (duplicate) sample collected
at the same time, however, detected a concentration of 57 ppbv; the wide
difference between these two results suggests that they should be used
with caution. Concentrations of 1, 1, I -TCA detected during the two
sampling rounds in 1993 resembled background concentrations.

Sources of the contaminants detected in ambient air located in oftbase
areas could originate from lateral migration of soil gas or groundwater
from sites under the cap, and subsequent diffusion from soil surfaces
near the residences. However, there are other likely sources for the
detected contaminants in air. Aromatic hydrocarbons, such as benzene.
toluene, xylene. ethylbenzene and trimethylbenenes, also originate from
autonmobile exhaust. Several of the chlorinated VO('s detected in air,
including Freons, 1.1, I-T('A, and methylene chloride could originatc
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These declines have now nearly resulted in desaturation of the A Zone.
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from emissions from permitted industrial sources at McClellan AFB.
Evaluation of soil gas contaminant concentrations offbase, presented in
Appendix H, suggests that the concentrations detected in air are likely to
be related to sources other than lateral migration of soil gas contamina-
tion from sites at OU D.

The range of concentrations for contaminants of potential concern
(COPCs) in air are given in Figure 4-1. The rationale used in selecting
the COPCs is provided in the risk assessment (Chapter 5).

The frequencies of COPCs are depicted in Figure 4-2.

4.1.2 Soil Samples

Vadose zone soil samples have been collected within OU D during three
major investigations. These have included a 1984 pre-cap investigation
to characterize waste pit and subsurface soil contaminants, a 1991 inves-
tigation within Site S to evaluate implementation of soil vapor extraction
(SVE), and the 1993 OU D RI. Detailed summaries of the 1993 RI soil
data, including sampling techniques, analytical methodologies, and data
validation, are provided in Appendix D. Data summaries of the RI data
combined with historical data are provided in Attachment DI, Tables DI-
I through DI-8 (refer to Volume 3). The following sections summarize
the results of the RI and historical soil analyses c,,tducted within OU D.

Soil samples have been collected and analyzed for several classes of
chemical contaminants, including VOCs, SVOCs. totai metals, pesti-
cides/polychlorinated biphenyls (PCBs), and dioxins/dibenzofurans.
Following are brief synopses of detected soil contaminants:

Soil Volatile Organic Compounds

Several chlorinated and aromatic VOCs have been detected in the soil
during the RI and historical investigations. A complete listing of all
detected VOCs in soil is provided in Attachment D1, Table DI-2
(Volume 3). Remedial investigation soil VOC data are also discussed
and summarized in Appendix D. The ranges of concentrations for VOC
COPCs in soil are depicted in Figure 4-3. The COPCs generally are
VOCs detected in soil. The VOCs are of concern because they can
migrate through the soil and into groundwater or the ambient air. The
SVOCs and metals are generally of lesser concern. These contaminants
are generally detected under the cap or in deep soil. The SVOCs and
metals have less of a tendency to migrate in soil and the cap prevents
direct contact. The rationale for selection of the C()PCs in soil is
discussed further in Chapter 5.

Thc frequencies of volatile organic COP('s found in RI and historical soil
oamplcs are shown on Figure 4-4.
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Soil Semivolatile Organic Compounds

SVOCs detected in soil during the RI and historical investigations have
primarily included phthalates, dichlorobenzene isomers, and polynuclear
aromatic hydrocarbons. A complete listing of all SVOCs detected in soil
is provided in Attachment DI, Table DI-3 (Volume 3). Remedial inves-
tigation soil SVOC data are also discussed and summarized in Appendix
D. The ranges of concentrations for SVOC COPCs in soil are depicted
in Figure 4-5. As previously discussed, SVOCs are generally of lesser
concern than VOCs. The rationale for selection of SVOCs as COPCs in
soil is discussed further in Chapter 5.

The SVOCs detected during the RI were limited to trace quantities of di-
n-butyl phthalate, di-n-octyl phthalate, and bis(2-ethylhexyl) phthalate.
However, these compounds are common laboratory contaminants, often
reported during soil analyses. During data validation, seven di-n-butyl
phthalate and four bis(2-ethylhexyl) phthalate results were qualified as
non-detects because of method blank contamination. Although the
remaining phthalate results were not qualified because of method blank
contamination, the results are also suspect and likely to be laboratory
artifacts.

The frequencies of semivolatile COPCs in soil are shown on Figure 4-6.

Soil Total Metals/Inorganics

Several metals were detected in soil during the RI and historical investi-
gations. A complete listing of all detected metals in soil is provided in
Attachment D1, Table DI-5 (Volume 3). Remedial investigation soil
metals data are also discussed and summarized in Appendix D.

Soil naturally contains varying levels of metals. Therefore, the detected
soil metals data are compared to debignated background levels in
Figure 4-1 (refer to Section 4.2.2) to distinguish between metals that are
probably natural and those that were introduced as contaminants. The
source of the listed background levels is the Consensus Statement on
Background Inorganic Constituents in Subsurface Soils at McClellan AFB
(RADIAN, 1993). (For the purpose of comparison with regulatory
values, the EPA Region IX Preliminary Remediation Goals (PRGs) are
also provided in Table 4-1.)

The metals above background levels detected during the RI and historical
investigations are listed in Attachment DI, Table DI-5a (Volume 3).
Remedial investigation soil metals above background levels are listed in
Table D-6B, page D-33. The ranges of metals concentrations above
background levels and the corresponding background limits are depicted
in Figure 4-7.

"The frequencies of metals detected above background levels are shown
on Figure 4-8.
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Soil Pesticides/Polychlorinated Biphenyls

Only limited quantities of pesticides/PCBs have been detected in the
vadose zone soil at OU D. Pesticides and PCBs were not detected in any
1993 RI soil sample. Historically, pesticides/PCBs were detected in soil
underlying the cap within Site S. The detected compounds included:
Arochlor- 1260, -1254, -1016, -1221, -1232, -1242, -1248; Heptachlor;
alpha-, beta-, delta-, and gamma-BHC (benzenehexachloride); p-p'-DDD
("DDT"), p-p'-DDE, Aldrin, and Endrin. Historical pesticide/PCB data
summaries are provided in Attachment DI (Volume 3).

Soil Dioxins/Dibenzofurans

Soil dioxins and dibenzofurans detected during the RI and historical
investigations within Site S have included limited quantities of polychlori-
nated dibenzodioxin and dibenzofuran isomers (PCDDs), including:
octachlorodibenzo-p-dioxin (OCDD), heptachlorinated dibenzo-p-dioxins
(total HpCDDs), hexachlorinated dibenzofurans (total HxCDFs), hepta-
chlorinated dibenzofurans (total HpCDFs), and octachlorodibenzofuran
(OCDF). A complete listing of all detected soil dioxins and dibenzo-
furans is provided in Attachment DI, Table D1-4 (Volume 3). Remedial
investigation soil dioxins/dibenzofurans data are also discussed and
summarized in Appendix D. The ranges of concentrations for the
detected dioxins are depicted in Figure 4-9.

The soil data reported may not be representative of the actual dioxin
contamination present within OU D. Evaluations of the dioxin/
dibenzonfuran RI data indicate that much, but not all, of the reported
contamination with OCDD is associated with reported concentrations of
the same congener in method blank samples. Therefore, OCDD detected
in the field samples is most likely a consequence of laboratory contam-
ination. Apparent detections of other dioxins and furans may also be the
result of analytical interferences and/or present as common laboratory
contaminants.

All dioxin and furan congeners are conservatively assumed to be COPCs.
The toxicological data that are available for TCDDs and TCDFs are not
complete. However, a considerable body of toxicological data exists for
2,3,7,8-TCDD that indicates a wide range of adverse health effects at
very low doses. Fewer data are available for 2,3,7,8-TCDF, but they
are sufficient to form the basis of a belief that it is similar in its
toxicological properties to 2,3,7,8-TCDD. Relatively little is known
about the toxicology of the higher chlorinated PCDDs and PCDFs (i.e.,
penta- through octachlorinated PCDD and PCDF). Some data suggest
that some of the penta-, hexa-, and hepta-PCDD and PCDF isomers are
also hazardous.

The frequencies of detected soil dioxins are shown on Figure 4-10.
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4.1.3 Soil Gas Samples

Detailed summaries of RI soil gas sampling techniques, analytical
methodologies, and data are provided in Appendixes B and C.

Vadose zone soil gas samples were collected during three investigations
between June 1992 and June 1993. These three investigations included:

"* June 1993-Sampling of 12 SVMWs installed as part of the
RI, 9 previously existing SVMWs, and 5 dry or partially
submerged groundwater monitoring wells. The nine previ-
ously installed SVMWs had previously been sampled in
June 1992, Spotember 1992, and February 1993 (refer to
Appendix C).

" May to June 1993-Downhole soil gas samiples were
collected while advancing borings for the installation of RI
SVMWs and groundwater monitoring wells (refer to
Appendix C).

"* September to October 1992-A shallow soil gas survey
collected soil gas samples from onbase and offbase locations
around the perimeter of the OU D cap (refer to
Appendix B).

Additionally, summaries of soil gas data from pre-SVE operations within
Site S are included. The Site S data provide VOC contaminant charac-
terization in source areas not represented by cther soil gas samples.

Remedial Investigation Soil Vapor Monitoring Well Compound molecular weights are
used to convert soil gas concen-Samples trations from pg/l to ppbv.

The SVMWs sampled during the RI included C2-M, C2-D, C4-S, C4-M, For the following contaminants, a
C4-D. C6-S, C6-M, C6-D, C7-S, C7-M, and C7-D. Soil vapor wells conversion from I pgii to pppv
SVDMW-l though SVDMW-9 were also sampled. Dry or partially wouldyield the following:
submerged groundwater monitoring wells that were sampled included
MW-14, MW-90, MW-106, MW-107, and MW-1002. Sampling loca- 0 Vinyl cloride-391.2
tions are shown in figures provided in Appendix C. 1,1-DCE-252.2

* Freon 1)3-130. 5
Soil gas concentrations are given in units of micrograms per liter (Itg/l). F ,2-DcA -247.1

Unlike conicentrations in water, contaminants in soil gas cannot be con- 0 111TCA1833

verted from tg/I to parts per billion (ppb) by simply changing the units. 1 TCE - 183.3

Conversion of the gas-phase concentrations of individual compounds 0 PCE-147.4

requires application of the Universal Gas Law. Compound molecular

weights are used in the gas law equation to calculate parts per billion by
volume (ppbv) concentrations from jvg/I concentrations.

Figure 4-11 shows the ranges of concentrations for VOC COPCs in soil
gas detected in the SVMWs and dry groundwater wells sampled in June
1993. These data provide a "snapshop" of the contaminant conditions
that existed during the RI.
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The frequencies of VOC COPCs in soil gas collected from SVMWs are
shown on Figure 4-12.

Time series plots of representative COPCs in soil gas, I,I-DCE, and
TCE that were detected in soil vapor wells SVDMW-l through
SVDMW-9 are shown in Figures 4-13, 4-14, and 4-15. These COPCs in
soil gas were selected for plotting time series primarily because of the
completeness of their data sets. There were a sufficient number of
detected concentrations to develop meaningful data plots. While other
VOC COPCs in soil gas were also detected between June 1992 and June
1993, the data are less complete.

The data represented in Figures 4-13, 4-14, and 4-15 are subject to
several uncertainties and qualifications. In particular, the dynamic nature
of the soil g_- contaminant levels is important to note. During the
sampling period, the SVE pilot plant within Site S was in intermittent
operation at varying extraction flow rates, pressures, and durations.
Between March and April 1993, approximately 24,000 pounds of VOCs
were removed. Because of the SVE system, the subsurface conditions
within OU D are highly disturbed. Operation of the system induces
complex movements of soil gas contaminants, generally towards the
extraction well(s) along preferential pathways (e.g., sand layers). Addi-
tionally, some soil gas contaminants are more mobile than others under
the same cnnditions. The. variable nature of the data may reflect the
changing distribution of contaminants in subsurface under thc influence
of the SVE plant. Also during SVE operations, the subsurface environ-
ment is changed from states of reduced oxygen content to those of higher
oxygen content. The degree of this effect is variable and depends largely
on the distance from the extraction well and depth below the ground
surface. The changing oxygen levels may affect the production of
certain chemical degradation products (e.g., vinyl chloride) that favor
reduced oxygen environments.

Apparent fluctuations in the levels of some contaminants (e.g., TCE)
may also be the consequence of relatively low concentrations and vari-
able detection limits. For example, in June 1992 and June 1993,
elevated detection limits resulted when high concentrations of other VOC
analytes were present. These other compounds required sample dilution
to quantify. This dilution masked the relatively low concentrations of
'TCE that were likely present.

Downhole Soil Gas Samples

Downhole soil gas samples were collected while advancing soil borings
C2, C3, C4, C6, C7, MW-237, MW-240, MW-241, and MW-242. The
sample locations are shown in figures provided in Appendix C.
Figure 4-16 shows the ranges of concentrations of VOC COPCs in soil
gas.

The frequencies of VOC COP'Cs collected during downhole soil gas
sampling are shown on ligiure 4-17.
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Shallow Soil Gas Samples

Figure 4-18 shows the ranges of concentrations for VOC COPCs in soil

gas encountered during the shallow soil gas survey conducted in

September and October 1992 (refer to Appendix B).

The majority of samples were analyzed at an onsite laboratory using gas

chromatography (GC) methods. Additional samples were also collected

for confirmation analyses using EPA Method TO-l4 and GC/mass
spectrometry (GC/MS). When compared to the onsite laboratory, results

for the same location, the confirmation sample results are generally

higher for the same target analyte. More extensive descriptions and
comparisons of the onsite and offsite labora~ory data are provided in

Appendix B. Attachment BIl Tfable BIl- I.

The frequencies of VO(" (TOl)Cs in soil gas collected duzring shallow soil
gas sampling are shown on Figure 4-11.

The areal extent of soil gas V(Cs is represented by conceptual plots of
NgIr, I 4-I)C s contamination at three depth intervals. The contaminant
SIe, I -I)C-e was selected as a representative compound because of three

primabr factors:

RI confirma]t'I) an.'l yses un E) MI) 4 Ian GCm, s
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"* Frequency of occurrence-The most frequently detected
soil gas contaminant within OU 1) is ]. -DCE'.

"* Mobility-Relatively high vapor pressure and Henry's
constant imply a high vapor phase mobility for l, I-DCE

(refer to the conceptual model in Chapter 3 and contaminant

transport modeling presented in Appendix J).

Risk- 1. I-DCE was identified as a COPC in scil gas in the

OU D risk assessment (refer to Chapter 5).

Figures 4-20, 4-21, and 4-22 show the estimated extent of l, 1-DCE in
designated shallow, medium, and deep monitoring zones, respectively.

4.1.4 Groundwater Samples

Detailed summaries of groundwater monitoring well and in situ (i.e.,

1992 Hydropunch) groundwater sample data are provided in Appendix E.

The groundwater beneath OU D contains a wide variety of contaminants.
The contamination is concentrated in the area beneath the cap. The
groundwater contamination is characterized as either VOC contamination
or non-VOC contamination. The VOC contaminants included halo-
genated (e.g., vinyl chloride, 1,I-DCE, TCE) and aromatic compounds
(e.g.. benzene). Historically, concentrations of VOCs in the tens of
parts per million range have been measured from groundwater samples

taken from beneath the cap. The non-VOC contamination has consisted
of SVOCs. pesticides or PCBs, and metals. During the RI, samples
taken from extraction wells and monitoring wells beneath the cap were
also analyzed for dioxins/dibenzofurans. Dioxin/dibenzofuran com-
pounds are also considered non-VOCs. Groundwater samples for metals
analyses were not collected during the RI. A description of the extent of
VOC and non-VOC contamination follows.

Groundwater Volatile Organic Compounds

VOCs are the most widespread contaminant throughout the OU D
groundwater. From a summary of historical groundwater sampling

results, TCE, I, I -DCE, and 1, 1, 1-TCA are the most widely detected
VOCs and are identified as the contaminants of concern within the VOCs are the most widespread
groundwater. The criteria for selection of these compounds are provided contaminant throughout the 01'

in Appendix H. Groundwater VOC concentrations outside of the area of groundwater.

tite .ap - :icr'9!v less than 5 /tg/l in the A and B Zones. Monitoring
wells MW-237 and MW-240 were inbta',:cd ý'..ngradient of the OU D

"3 1992 cap area during the RI. These wells were installed as replacement weii.
for MW-1002 and MW-106, respectively. Those wells had become dry
because of the regional decline in water levels. Toluene was detected in
samples from Well MW-237 at 2 g/41. Toluene was the only VOC
detected in the groundwater sampic .'rum ii z.i / anu YI k '-24(p.
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"TIhe extent of VOC contamination in the A and B Monitorir.g Zones is
shown on Figure 4-23. The VOC contaminant data from the most recent
samplina efforts are provided on Figure 4-24. Similar data for non-
VOCs are provided in Figure 4-25. (Figures 4-24 and 4-25 are provided
at the end of this chapter.)

Groundwater Semivolatile Organic Compounds

In general, SVOCs are not widely distributed throughout the OU D SVOCs are not wiaely distribL
groundwater. However, SVOCs were detected in trace amounts from throughout the OU D ground-
several wells within or near the cap. watet.

The SVOCs detected during the RI included 1,2-dichlorobenzene,
bis(2-ethylhexyl) phthalate, and di-n-butyl phthalate. However, the
phthalate detections are suspect because of possible laboratory contamina-
tion and may not represent actual site conditions.

Historically, SVOCs have been detected in samples from wells more
frequently than dioxins/dibenzofurans and pesticides/PCBs combined.
The most frequently detected SVOCs have included bis(2-ethylhexyl)
phthalate, di-n-butylphthalate, and phenol.

Groundwater Pesticides/Polychlorinated Siphenyls

Pesticide and PCB compounds do not have a wide distribution throughout
the groundwater within OU D.

Pesticides and PCBs were not detected in groundwater samples collected
during the Ri.

Historically, pesticides have been detected in four monitoring wells
withii OU D. Pesticides have not been detected in groundwater samples
from OU D wells since September 1984.

Groundwater Dioxins/Dibenzofurans

During RI sampling, samples from the extraction wells and existing and
new monitoring wells were analyzed for dioxins. Dioxin compounds
were only detected in groundwater originating from wells within the cap,
The maximum detected value of dioxins in groundwater was less than
189 pg/I of OCDD in a sample from Well MW-91. Dioxin compounds
were detected in two of the six extraction wells at levels below that found
in MW-91.

The reported groundwater dioxin data may not be representative of the
actual dioxin contamination within OU D. Evaluations of the dioxins/
dibenzofurans RI data indicate that the detected dioxin compounds may
be a result of laborator contamination. Much, but not all, of the
reported contamination is associated with method blank contamination
(refer to Attachment _4-Groundwater Data Validation). Apparent
detections of dioxins and dibenzofurans may also be the result of analyti-
cal interferences and/or present as laboratory contaminants.

NS
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Additional groundwater data for specific compounds and specifib- wells
are presented in Appendix E.

Groundwater capture associated with the extraction system is also
evaluated in Appendix E.

4.2 Data Interpretation

Chemical compounds including VOCs, SVOCs. pesticides, PCBs.
dioxins, and metals/inorganics were detected in the soil and groundwater
during the OU D RI and in previous investigations. The VOCs were
also detected in the ambient air and in the soil gas throughout the investi-
gation area. This section provides interpretations of data from air, soil.
soil gas, and groundwater analyses.

4.2.1 Nature and Extent of Contamination

This subsection provides interpretations of the soil, soil gas, and ground-
water contaminant data. Waste characterizations within source areas are
provided in Chapter 3. The extent of VOCs, SVOCs, pesticide/PCBs,
dioxins/dibenzofurans, and total metals above background levels in the
vadose zone soil are described. Mass estimates of vadose zone VOC
contamination using soil and soil gas data are provided. In groundwater,
the extent of VOCs and Por'-VOCs are described and the effectiveness of
the existing groundwater extraction system summarized.

Vadose Zone Contaminants

The most frequently detected and widespread vadose zone contaminants
within OU D are relatively high-mobility VOCs. Less mobile contami-
nants such as SVOCs, pesticides/PCBs, dioxins/dibenzofurans, and total
metals are generally limited to waste materials within the capped pits and
in the underlying soil proximate to the pits.

Volatile Organic Compounds. The VOCs of concern in the
vadose zone are vinyl chloride, 1, ]. -TCA, TCE, ,j -DCE, PCE, 1. 2-
DCA, and Freon 113. The rationale used in identifying the COPCs are
described in Section 5.

ZONES
LEUAFT Mass of Volatile Organic Compounds. Detailed descriptions

tLE UNITOrai
.1994) of VOC mass estimating methodologies, assumptions, equations, and data

"TO are provided in Appendix G.
)JACEN;, 1,,]-TCA, PCE, TCE,

Mass estimates for VOC COPCs were developed using historical and RI and Freon 113 compose
soil and soil gas data. Computations indicate that TCE contributes 99 percent of the chlorio

approximately 30 to 40 percent of the total mass according to both soil mass.
and soil gas data. The contaminant 1,1,1 -TCA contributes 44 percent on

SFEET the basis of soils data, and 28 percent using soil gas data. In total,
I,1,1-TCA, PCE, TCE, 1,1-DCE, and Freon 113 compose over 99 per-
cent of the speciated chlorinated VOC mass.

_TION
ONES
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[bstiniates o' contaminant ia.s is izi, soi l , :, ,o l t:• ,. - re taken from soil
vapor monituring wells, shallow soil '-as iap in dowv'nhole soil gas
sampling, and the SVIL: pilot plant at Site S (reler to Appendix G). The
VOC data were used to construct polygonis groupinlg sampling locations
of similar concentrations. Ihe polygons "ere then extended vertically to
near the gioundwater table and divided into layers of equal thickness (see
Appendix G). Soil gas concentrations were th.en converted to total soil 2

concentrations for each layer of each polygon and the total mass of
contaminants calculated. Equilibrium contaminant partitioning was
assumed in the calculations. The presence of NAPLLs was not quantified
using this methodology.

The contaminant mass estimate using soil data was similarly developed
using polygon-based volumes and soil VOC data. The soil data was L .

assumed to represent all phases of contamination: sorbed to solids, I - T 323%

dissolved in porewater, and interstitial vapor. The N.,,PL contamination,

existing as a soil residual, would also be quantified using the soil data.

"IT-' adjacent chart depicts the mass distribution o, vadose zone

contaminants. Additional discussions of N APL mass estimates and
contaminant transport modtling are provided in Appendix J. 0U5! n0 3-,.

The calculated mass of VOCs using soil data are apploximately three 1-.C08.

times greater than the mass using soil ga.s data. The total estimated mass
of contamination from soil analyses is 38.346 kilograms. From assumed
equilibrium soil gas analyses, tLe mass estimate is 13,506 kilograms of T W,%

VOCs. The discrepancy between the two estimates can be attributed to
two primary factors:

1. NAPLs-The NAII)s existing in the soil would not be
correctly quantified using soil gas techniques. Assumptions
of phase equilibrium are invalid when NAPI-s are present.
Soil gas data underestimate the true contaminant mass with
the presence of NAPIIs.

2. Spatial Distribution of Samples-Soil samples for VOC
analyses are limited in horizontal and vertical extent.
Extrapolatio-i of soil VO(C data from regions highly contamn-
,nated with NAPLs into other less contaminated regions
could result in an overestimation ot contaminant mass.
Conversely, mass will be underestimated if the soil VOC
data does not represent NAPL contamination.

Because of the undefined NAPL na.-,,,, both estimates probably greatly
underestimate the total VOC contaminant mass. As additional soil and

DCE, soil gas data are collected, the mass estimates will be refined to support
the OU [) Vadose Zone Feasibility Stud\.

I VOC
"|he presence of NAPL may be inferred k hoere:

t'tPt~l(5)l 01 Vi'ls W () 1) RIt , 2s
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"* Chemical conc-itrations in soil exceed 10,(Y)) mg/kg

(greater than 1 percent of soil mass)

" Organic vapor concentrations in soil gas exceed 1(00 to

1,000 ppmv (Cohen and Mercer, 1993).

Subsurface NAPEL distribution may defy definition, particularly at sites

with heterogeneous strata and multiple release locations, such as OU I).

Subsurface NAPL distribution can be exceptionally difficult to prove,

even following extensive site investigation. NAPT-s preferentially

migrate through pathways such as fractures and sa~id layers and ate

affected by small-scale stratigraphic changes. Fine-grained silt or clay

units must also be assumed to permit downward migration. Therefore.
the ultimate path taken by NAPLS can oe very difficult to characterize

and predict. Generally, failure to directly obs.rve NAPLs at a site does
not mean they do not exist. If free-phase chemicals were used, handled,

and disposed of at a site, the chances "*re high that NAPL is present

IPA, ])(1)a).

Indicators for the presence of NAPL-s can be used, but each is approxi-

mate and has serious limitations. Approximate methods bas- an assess-
ment of the NAPL precence on historical site use and groundwater

and/or soil concentrations. The methodology is described in Estitiiating

Potential For Ocuirrence of DNAPL at Superfi4nd Sites, issued by the

EPA's R.S. Kerr Environmental Research Laboratory in August 1991.

In summary, a potential for NAPL is indicated if: (1) contaminant

concentrations in groundwater are greater than I percent of pure-phase
solubility or 1 percent of effective solubility; (2) organ;c concentrations
in soil are greater than 10,000 nig/kg (I percent of soil mass);

(3) contaminant concentrations in groundwater caleolated from water/soil

partitioning relationships and soil samples are greater than pure-phase
solubility -r effective solubility; or (4) organic concentrations in ground-
water increase with depth. Further discussion follows:

Groundwater Concentrations-Organic compounds are rarely

found in groundwater at concentrations approaching their
solubility limits, even when the NAPL phase is known to

exist. Observed concentrations in groundwater are usually
more than a factor of 10 lower than the solubility, probably

because of diffusional limitations of dissolution and dilution
of the dissolved contaminants by dispersion (EPA, 1991b).

Sites are known that have solvent NAPLs below the water

table but only show very low aqueous phase concentrations

in monitoring wells (lezs than 0.01 percent of pure-phase

.DllWI012C80 W|, ,()Il l) kI 4-20



solubility) (Cherry, 1991). The detection of very low

aqueous concentrations should not be interpreted as absence
of NAPLs.

Soil Concentrations-Qualitatively, soil samples that have
contaminant concentrations in the percent range are indica-
tive of NAPLs. However, NAPLs may also be present at

low residual concentrations in soil. Analytical results from
these samples may exhibit much lower constituent concen-

trations. Because NAPL entry areas into the subsurface can
be very small, it is reasonable to expect that few boreholes
will show the presence of residual NAPL.

It is sometimes possible to qualitatively assess the presence

of NAPLS using the equilibrium partitioning theory. If no

NAPL is present, there is a theoretical maximum mass of
chemical that can be contained in a soil sample. The
theoretical maximum total soil concentration is a function of
the solubility of the chemical in water, the saturated soil gas

concentration, and the sorptive capacity of the soil. If

NAPL exists, the theoretical maximum total soil concentra-
tion will le exceeded. The calculated porewater concentra-

tion would exceed the chemical solubility. The conclusion

would be that dense nonaqueous phase liquid (DNAPL) is
present in the soil sample.

Extent of Volatile Organic Compounds in the Vadose
Zone. Soil vapor data collected during the RI are the primary basis for
estimation of the extent of vadose zone VOC contamination. Remedial
investigation soil data for VOCs are limited in numbers, vertical distribu-

tion. and areal extent. The majority of soil matrix VOC data come from Vadose zone VOCs iiay extem

historical investigations conducted in 1984 and 1991. Soil VOC data was to 500feet from th., edge of t

primarily used to supplement the soil gas data in developing mass esti- cap.

mates. The horizontal and vertical extents of VOCs described by the soil
\apor data are consistent with the conceptual model and contaminant

transport calculations. Refer to Chapter 3 for detailed descriptions of the
conceptual model. Appendix J provides descriptions of contaminant
transport modeling of VOCs in the vadose zone.

The estimated horizontal extent of 1,1 I-DCE soil gas data is shown in

Figures 4-20, 4-21, and 4-22. I, I-D)CE was selected as a representative
VOC ihecause of that compound's mobility, prevalence, and potential

human health risk. Figure 4-22 indicates that 1, 1 -)CF is present at
concentrations exceeding L,00W j)g/l near the groundwater table at dis- Venically, VOC concentration

tances up to approximately 200 feet from the edge of the cap. The exist- increase with depth.

ing data can only partia!ly support interpretations of the extent of VOCs

be,,ond approximately 2(0) feet. Soil gas VOCs probably do not extend
to tihe samic horizontal distance from all sides of the cap primaril>

l'ccaise of the follosling factors:
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"* Concentration and contaminant species in the source areas
(i.e., pits)-paramet't :ý,; . advective and diffusive trans-
port of VOCs

"* Location of the contaminqnt source areas-the physical
location of a waste pit within the cap boundary (e.g., north
or south end of the cap)

"* Stratigraphy and existence of preferential subsurface path-
ways (i.e., iigh-permeability coarse-grained sand layers
versus low-permeability overconsolidated silts and clays)

"* Smear zone-soil gas contaminants originating from residual
contamination left in the vadose zone as the local ground-
water table has declined. The local groundwater flow
direction has varied over the years from northwesterly to
southwesterly

Contaminant source areas (i.e., waste pits and residual contamination in
the smear zone) and preferential subsurface pathways for VOC transport
are not fully characterized over the entire site.

Concentrations of 1, I-DCE from soil vapor wells located north (C2-D,
SVDMW-1), southwest (C7-D, MW-1002). and ,outheast (SVDMW-4,
MW-90) of the cap indicate that levels may decline to less than I tkg/l at
distances of about 400 to 550 feet from the edge of the cap. However,
these estimates must be regarded as extrapolations of the data. Addi-
tional soil gas data are necessary to fully define the extent of VOCs.

Theoretical calculations of 1, 1-DCE transport by diffusive and advective
mechanisms over 50 years result in a maximum lateral migration near the
groundwater table of approximately 500 feet from the edge of the cap
(refer to Appendix J).

Given the gaps in the empirical data and the uncertainties and approxima-
tions inherent in the transport modeling, the observed and theoretical
extents of contamination are reasonably consistent. Soil gas VOCs with
mobilities similar to 1, 1 -DCE can be expected to extend horizontally
approximately 500 feet from the edge of the cap in some areas. VOCs
with greater mobilities (e.g., Freon 113) may have a greater horizontal
extent. Vertically, concentrations will generally increase with depth
below the ground surface.

Semivolatile Organic Compounds. The SVOCs detected in
soil samples collected during the RI are limited in number and extent.
The relatively low-mobility SVOCs do not appear to have migrated
significantly from the proximity of the capped waste pits. In borings
drilled through the capped pits in 1984 and 1991, the highest
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concentrations of SVOCs were found in the waste materials, with
concentrations in the underlying soil decreasing with depth. Samples
collected from borings drilled outside the boundaries of the waste pits Nonvolatile compounds do ttm
were found to contain trace quantities of a limited number of SVOCs. appear to have migrated sign
These tindings are consistent with the smear zone hypothesis discussed in cantly from the waste pits.
development of the conceptual model (refer to Chapter 3).

Pesticides/Polychlorinated Biphenyls. Pesticides/PCBs were
not detected in any RI soil sample. Historically, pesticioes/PCBs have
only been detected in samples collected within or underlying the waste
pits. Pesticides/PCBs do not appear to have migrated significantly from
the proximity of the capped waste pits. These data are also consistent
with the conceptual model for compounds having relatively low
mobilities.

Dioxins/Dibenzofurans. Dioxin compounds detected during the
RI were limited to OCDD and total homologs of OCDD and PCDD.
Dibenzofurans were not detected. Historically, dioxins/dibenzofurans
have been detected only in samples within or immediately underlying a
waste pit. However, even these dioxins data are suspect because of the
laboratory contamination and may not represent actual site conditions.
This data is consistent with the conceptual model for compounds having
relatively low mobilities.

Total Metals Above Background Levels. Trace metals were
detected in soil samples from many of the RI and historical borings. To
assess the significance of the levels detected, each metal was compared to
designated background concentrations and EPA Region IX PRGs.

The metals detected above background concentrations are tabulated in
Attachment DI, Table DI-5a. Table 4-1 also summarizes the metals
concentrations that were detected above background levels and the
perspective PRGs associated with each metal are also provided.

Areally, metals above background concentrations appear well distributed
in soil underlying the cap. Vertically, metals above background were
detected throughout the vadose zone.

4.2.2 Impacts to Air

Volatile organic compounds in the vadose zone do not appear to pose a
significant adverse impact to the air at OU D.
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Table 4-1
Comparison of Metals Background Levels and Preliminary Remediation Goals, RI and Ilistorical
Data

Concentration Above
Background' Background

Minimum Maximum Level" PRG
5

Parameter Lithology (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Aluminum Silt 42,500 42,500 34,004 78,000

Arsenic Sand/waste 4.1 24 3.7 0.97

Arsenic Silt 7.9 17.3 6.5 0.97

Barium Clay/silt/waste 345 784 342 5,500

Beryllium Sand/waste 0.78 1.3 0.6 0.4

Beryllium Clay/silt 0.72 2.1 0.7 0.4

Cadmium Sand/silt/waste 0.41 170 0.4 39

Chromium, hexavalent Silt 2 4.4 NE' 44

Chromium, total Sand/waste 43.1 33,000 41.5 NE

Chromium, total Silt/clay 59 77.9 53.9 NE

Cobalt Sand/waste 16 45 15 NE

Cobalt Silt/clay 21.6 25.1 17.5 NE

Copper Sand/waste 29.2 4,200 26.7 2,900

Copper Silt/clay 42.3 107 41.4 2,900

Cyanide Sand/silt/waste 1.1 100 NE 1,600

Iron Silt 51,500 51,500 46,293 NE

Lead Sand/waste 9.6 4,500 6.8 500

Lead Silt 18 20.8 15.9 500

Magnesium Silt/clay 12,700 17,000 12,660 NE

Manganese Silt/clay 1.420 4,400 1,355 7.800

Mercury Waste/sand/silt 0.21 17.2 0.2 23

Molybdenum Waste/sand 5.8 66 4 3,900

Nickel Clay 62.4 62.4 60.6 1,600

Nickel Waste/sand 54.3 590 52.2 1,600

Potassium Waste 3,170 3,960 2,967 NE

Potassium Silt/clay 3,660 7,340 3,651 NE

Selenium Clay/silt 9.8 15.3 0.5 390

Silver Waste/sand/clay/silt 0.41 35 0.2 390

Sodium Clay/waste/silt 798 1,300 727 NE

Sodium Sand 903 903 882 NE

Thallium (oxide) Silt/sand/clay 0.2 0.68 NE 5.5

Vanadium Silt/clay 85.3 127 80.5 550

Zinc Waste/sand 69.3 1,400 58.6 23,000

Zinc Clay/silt 103 180 85.5 23,000

'Reference: Consensus Statement on Background Inorganic Constituents in Subsurface Soils at McClellan
AFR.
'Reference: Region IX Preliminary Remediation Goals (PRGs), Third Quarter 1993 (residential soils).
"NE - Not established.
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Crawlspace and ambient air VOC concentrations were generally similar
to those found in the background ambient air. The detected contarmin=,- Volatile organic compounds ii
could have originated from the capped waste pits, followed by transport vadose zone do not appear to
through the vadose zone, and eventual emission to the atmosphere. a significant adverse impact 1,
Alternatively, the contaminants could have originated from permitted air.
facilities within McClellan AFB. Other possible sources of contaminia-
tion are unrelated to activities at the Base. These include automobile
exhaust or privately owned industrial emissions. Localized sources of
contaminants such as paints, solvents, and cleaners may also contribute.
The source(s) of the detected VOCs cannot be conclusively determined
from the existing data.

4.2.3 Impacts to Groundwater

Widespread VOC contaminants pose a continuing threat to groundwater
quality in the proximity of the capped waste pits at OU D. The non- Widespread VOC contaminan.
VOC organic compounds do not appear to pose a significant adverse pose a continuing threat to
impact to the groundwater. Information supporting these assessments is groundwater quality.
provided in the following sections. (Sampling results for VOCs in
groundwater are provided on Figure 4-24. Non-VOC results are pro- Nonvolatile organic compoun.
vided in Figure 4-25.) Groundwater metals data are shown in not appear to pose a significa
Figures 4-25 and 4-27. adverse impact.

Volatile Organic Compounds

Impacts to groundwater posed by vadose zone VOCs were assessed using
the results of sample data and contaminant transport modeling (refer to
Appendix J). The impacts are expressed in terms of porewater concen-
trations at the point of entry into the groundwater. The modeled concen-
trations conservatively represent an upper boundary to the actual
concentrations that are likely to exist. Dilution and mixing that would
occur as the contaminated porewater enters the groundwater are not
accounted for.

Adverse impacts to groundwai

Adverse impacts to groundwater quality will persist because of VOC quality will persist because oj

contamination in the vadose zone. As groundwater levels continue to conamination in the vadose

decline, VOC contamiiation is likely to remain as residual contamination
within the vadose zone. This will likely increase the target volume for
vadose zone remediation. Most of the VOC contamination that enters the
groundwater from the vadose zone will be captured and eventually
removed by the existing groundwater extraction system. As lateral
migration of VOCs continues, some future contamination may not be
within the capture area.

Additional interpretations resulting from the contaminant transport model-
ing include:

RDD10012CRO.WP5 (OU D RI) 4-31 66



"The NAPLs existing as residual contamination in the vadose
zone underlying the capped waste pits will persist for at Natural attenuation will not be
least 50 years without active remediation. Natural attenua- sufficient to remediate vadose zone
tion will not be sufficient to reduce NAPL contamination contamination.
sources to acceptable levels.

"* The contaminant TCE presents the greatest potential impact
to groundwater quality. Estimated peak porewater concen-
trations of TCE at the groundwater table could be as high as
2,000 /g/l for an additional 50 years. The TCE concentra-
tions decrease exponentially with horizontal distance from
the cap. After 50 years, TCE could exist at a concentration
of 1 .g/l approximately 40 meters from the edge of the cap.
Some fraction of the TCE mass will probably biodegrade
and form 1,1 -DCE and vinyl chloride. However, insuffi-
cient data exist to quantify the long-term rates of biodegra-
dation and masses of biodegradation end products. For the
purposes of the modeling calculations, no biodegradation is
assumed. This assumption will not affect remedial action
decisions. The hypothetical 50-year extents of contamina-
tion for TCE, PCE. 1.1,1-TCA, 1,1-DCE, and Freon 113
are shown in Figlure 4-28.
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Elevated levels of VOCs near the groundwater table exist
primarily because of density-driven advective and diffusive
transport of contaminants in the vadose zone away from the
source areas underlying the cap.

Historically, groundwater contamination within OU D has been measured
in wells screened up to 185 feet bgs. (Data provided in Figures 4-24 and
4-25 summarize the VOC and non-VOC contaminants recently detected
in monitoring and extrac';on wells.) VOC contaminant levels in extrac-
tion wells routinely excetd MCLs. For example, TCE concentrations
range from 25 g/Il in EW-86 to 680 /g/l in EW-84. Levels of 1,1-DCE
range from 100 tsg/l (EW-86) to 3,400 Ag/l (EW-73). Similarly, vinyl
chloride concentrations range from 4.8 jug/I (EW-83) to 320 ltg/l
(EW-73). Other VOCs also exceed MCLs in other extractions wells
(refer to Figure 4-24). In monitoring wells, similar VOCs are found, but
at generally lesser frequencies and lower concentrations (as depicted in
Figure 4-24). Groundwater VOC concentrations are generally less than
MCLs in the deeper zones (i.e., greater than about 150 feet bgs).

More extensive discussion of Basewide groundwater VOC contamination,
including that within OU D, is provided in the Groundwater Operable
Unit RI/FS.

Nonvolatile Organic Compounds

Nonvolatile organic compounds are not widely distributed throughout the
OU D groundwater. This interpretation is supported by data summarized
in the following list:

" SVOCs were detected in trace quantities from five RI wells Nonvolatile organic conipoun
within or near the OU D cap. None of the detected concen- not widely distributed througl

trations exceeded MCLs. the OU D groundwater.

"* Pesticides/PCBs were not detected in any RI groundwater
sample. Historically, pesticides/PCBs have been detected in
four groundwater monitoring wells within the boundaries of
the cap. However, since September 1984, none have been
detected.

"* Dioxins/dibenzofurans were detected in groundwater
samples collected frow,, six RI wells within the cap. How-
ever, the results are suspect because of method blank
contamination and may not represent actual site conditions.

Detected non-VOCs were collected from wells within the
capture zone of the groundwater extraction system.

Conclusions regarding metals concentrations in groundwater
are difficult to make. (Refer to the following text.)

SI
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Metals

Groundwater samples were not collected and analyzed for metals during
the 1993 OU D RI. Historically, samples have been collected within OU
D and analyzed for metals as part of the Basewide groundwater sampling
program. The results of these metals analyses are provided in the
Groundwater OU RI/FS (CH2M HILL, 1994). Additional groundwater
data collection efforts will be completed as part of the Groundwater OU
project. The results of groundwater metals analyses within OU D is
depicted in Figures 4-26 and 4-27 (located at the back of this chapter).

The conclusion reached in the Groundwater OU RI/FS is that the extent
of metals contamination within OU D cannot be delineated at this time.
Understanding of the presence and extent of metal in groundwater is
regarded as a data gap for the following reasons:

* A variety of field procedures have been used

Background metals concentrations have not been established
for the groundwater underlying McClellan AFB.

The available metals data are difficult to evaluate. Filtered and unfiltered
groundwater samples have historically been collected, but the sample-
specific sampling techniques have not been identified. It is difficult to
determine if samples were filtered or unfiltered. For risk assessment
purposes, samples should be unfiltered so that potential groundwater
exposure hazards can be evaluated. Also, research is available that
suggests that representative samples must be unfiltered and collected at
low purge and sampling flow rates to avoid entraining suspended solids

re in the samples. From the available data, it is impossible to distinguish
between unfiltered samples, filtered samples collected at high flow rates,
or filtered samples collected at low flow rates. Therefore, when elevated
metals concentrations are measured, it cannot be determined if the
concentrations reflect actual contamination or they are elevated because
the samples were unfiltered and col~ected at high flow rates. Conversely,
if sample results are low or nondetect, it is not possible to distinguish
between a filtered sample and an unfiltered sample collected at a low
flow rate. The metals concentrations provided in Figures 4-26 and 4-27
can be attributed to at least three possible factors:

"* Mineral dissolution, a natural occurrence from which back-
ground groundwater concentrations are established.

"* Turbidity, caused by suspended solids drawn into the well
during purging or sampling at high flow rates.

"* Contamination from historical Base activities and leaching
from source areas

Background metals concentrations in groundwater have not been estab-
lished. It is not possible to distinguish between the presence of metals in
groundwater from natural mineral dissolution and that from contamina-
tion. Maximum Contaminant Levels (MCLs) cannot be the only criteria
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by which the groundwater is evaluated. In some cases, groundwater
metals may naturally occur at concentrations higher than MCLs. For
example, background concentrations within the Sacramento Basin for
arsenic and manganese have been recorded as high as 120 /gIl and 2,300
Ag/l, respectively. The MCLs for both of these metals is only 50 Ig/l.
The Sacramento Basin background groundwater concentrations have not
been accepted for the groundwater underlying McClellan AFB.

A more complete discussion of groundwater metals, including analytical
results, is provided in the Groundwater OU RI/FS.
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Chapter 5

Risk Assessment

The risk assessment evaluated potential exposures and health risks
associated with contaminants detected in soil and groundwater under
current baseline conditions for the sites at Operable Unit D (OU D).
Current baseline conditions are that these sites have undergone remedial
actions in the past, such as removal of wastes and placement of imported
fill soils (performed prior to 1984). Eight sites were placed under a low
permeability cap in 1985 (the Area D cap) to reduce emissions to the air
and infiltration of water through contaminated soils and wastes. An
offbase remedial action was performed in 1986 to 1987, which involved
connecting hundreds of offbase residents to municipal water supply and
disconnecting domestic wells impacted or potentially impacted by
groundwater contaminants. Groundwater extraction and soil vapor
extraction (SVE) remedial actions are ongoing at the sites under the
Area D cap. These activities influence the potential for contaminant
migration from sites in OU D and the potential exposure pathways that
may be present.

The components of the human health risk assessment are as follows:

* Development of a conceptual site model
* Identification of the chemicals of potential concern (COPCs)
"* Exposure assessment
"* Toxicity assessment
"* Risk characterization

These are illustrated in Figure 5-1. The conceptual site model was
discussed in Chapter 3.

5.1 Identification of Contaminants of
Potential Concern

Contamninants of potential
The process involved identifying and selecting for inclusion into the risk are tih most toxic, mobile,

assessment those chemicals of greatest potential health concern (i.e., the persistent, or pretalent at

chemicals that are most toxic, mobile, persistent, or prevalent of those

detected at the site) from among the entire set of chemicals associated
with OU 1). The purpose of identifying chemicals of potential concern
(COPCs) is to focus the risk assessment on the most important chemicals
(i.e., those chemicals presenting 99 percent of the total risk) detected at
the site.

Factors considered in selecting M(OP('s for the risk assessment (ElPA,
1989 a) include the following:

"* E~valuation of the analytical methods

" I'lvaluation of data quality with respect to sample

quantitation Iliiii5s
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Data Collection and Evaluation
- Gather and analyze relevant site data

10 Identify potential chemicals of concern

Exposure Assessment Toxicity Assessment
i Analyze contaminant releases l'o Collect qualitative
10 dnif xoe populatio ns and quantitative

Identfy exosedtoxicity information
10 Ide~ntify potential exposu're

pathways e.Determine appropriate

i mateexposure concentrtions toxicity values
for pathways••i•:!:,::: ::•

Estimate contaminant intake -
for pathways

Risk Characterization
eno Characterize potential for

adverse health effects to occur
ie, Evaluate uncertainty

01 Summarize risk information

FIGURE 5-1
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0 Evaluation of data quality with respect to qualifiers and

codes

* Evaluation of data quality with respect to blanks

* Evaluation of tentatively identified compounds

0 Comparison of potential site-related compounds with back-
ground (primarily for inorganic compounds)

Consideration of these factors was modified by site-specific conditions at
OU D. For example, semivolatile organic compounds (SVOCs) and
metals detected at OU D sites have been found principally under the Semivolatile organic comp
Area D cap; evaluation of the presence of complete exposure pathways (SVOCs) detected at OU L
to these contaminants includes consideration of this cap. Much of the have been found principal
data for these sites was collected prior to the development of consistent the Area D cap.
guidelines for determining data useability. To the extent possible (i.e.,
for data collected under the 1992 field investigation work plan),
evaluation of data for the risk assessment was based on the EPA
Guidance for Data Useability in Risk Assessment (EPA, 1992a).
Generally, earlier data were used "as is" (i.e., as they were presented in
the McLaren, 1986 report) in the risk assessment.

Several of these factors were addressed prior to initiating the risk assess-
ment for OU D. Analytical methods and sample quantitation limits used
in the variou.; site investigations have been specified in work plans
approved by the appropriate regulatory agencies (CH2M HILL, 1992;
1993: RADIAN, 1992). Prior to use in the risk assessment, data
collected under the work plan underwent validation with respect to
qualifiers, codes, and blanks; data not meeting data quality objectives
specified in the approved work plans were rejected or qualified prior to
u~se in the risk assessment. Collection of surface or shallow soil samples
from Sites 6 and 26 was not included in the agency-approved work plans

for the OU D Ri, which limits the interpretations of the data in the risk
assessment. Given the existing data gaps, further discussions of the
nature and significance of health risks associated with these two sites are
discussed in Section 5.6 (Risk Characterization).

The ('OPCs were grouped as non-VOCs (SVO(X fnd metals) and VOCs.
The VOCs at the site that were COPCs principally were chlorinated VOCs have a greater tende
hydrocarbons. The VOCs in fuel hydrocarbons (including benzene) mnigrate fromn the OU D sit,
generally did not pose a significant health risk. This distinction is as the Ri data shows, pose
recognized because VOCs have a greater tendency to migrate from the greater potential for humnai
(0)[ 1) sites and, as the RI data show, pose a greater potential for human exposure.

exposure,

Several chlorinated VOCs are C'OPCs in onbase groumidwater. Health
risks potentially associated with these contaminants were evaluated using
a scenario involving hypothetical use of onbase groundwater in the
future. P'otential exposure to offbase groundwater contaminants was
eýahuated for TL('l, which has the widest extent of any groundwater
contaminant. Several chlorinated and aromatic Vo('s have hecn detected
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in soil gas underlying OU D, including TCE, PCE, 1, I, I -TCA,
1,1-DCE, Freon 113, benzene, toluene and xylene. These have been
identified as COPCs for purposes of evaluating potential onbase worker
inhalation exposures and health risks. SVOCs, metals, dioxins and
furans have not been identified as COPCs in soil at OU D, at this time.
SVOCs in soil generally have been limited to phthalates and selected
polynuclear aromatic hydrocarbons (PAHs), including naphthalene and
pyrene.

Metals that have been detected in soil above background levels include
arsenic, barium, beryllium, cadmium, cobalt, copper, manganese, nickel,
lead, and vanadium (see Appendix D). Octachloradibenzo-p-dioxin
(OCDD) and total polychlorinated dibenzodioxins (PCDDs) have been

Is detected in soil samples from underneath the cap. However, the cap

S prevents direct contact with these contaminants in soil, or resuspension of

ider these contaminants in dust. Because there are no complete pathways of
exposure to these contaminants, they have not been identified as COPCs
in soil under the cap.

Surface and shallow soil samples have not yet been collected from the fill
soil covering Sites 6 and 26. Therefore, it is not certain if there are
COPCs in soil at these sites. Further discussion of the potential health
risks associated with the fill soil covering these sites is presented in the
Risk Characteiization section.

5.2 Exposure Assessment

This exposure assessment is based on scenarios that define human popu-
lations potentially exposed to COPC originating from OU D. The poten-
tial pathways of exposure, frequency and duration of potential exposures,
rates of contact with air, water and soil and the concentrations of chemi-
cals in air, groundwater, or soil are evaluated in the assessment of
human intake of COPCs.

Contaminant intakes and associated risks have been quantified for all
exposure pathways considered potentially complete. The steps involved
with the exposure assessment are as follows:

t Identification of potentially exposed populations

id Identification of potential exposure pathways and selection
of complete exposure pathways

Evaluation of the environmental fate and transport of chemi-
cals in soil and groundwater

* IDevelopment of exposure scenarios
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0 Estimation of exposure point concentrations used to quantify
chemical intakes

* Quantification of chemical intakes for each complete expo-
sure pathway

The exposure scenarios for the baseline risk assessment were based on an
estimate of the reasonable maximum exposure (RME). The RME is
defined as the highest exposure that is reasonably expected to occur at a The exposure scenarios
site. The RMEs are estimated for individual exposure pathways. If a baseline risk assessmenj
population is exposed via more than one pathway, the combination of based on an estimate o)
exposures across pathways must also represent an RME. The intent of reasonable maximum ej
t,.e RME is to develop a conservative estimate of exposure (i.e., well (RME).
above the average case) that is still within the range of possible expo-
sures (EPA, 1989a). The exposure scenarios evaluated in the baseline
risk assessment are summarized in Table 5-1.

Certain scenarios were not considered in the risk assessment for OU D.
For example, future residential land use in the Area D Cap was not
considered, because local ordinances and ARARs would probably
prohibit development on an engineered cap. Detailed descriptions of
these scenarios are presented in Appendix H.

The chemical intakes calculated in this section are expressed as the
amount of chemical at the exchange boundary (i.e., skin, lungs, or gut)
and available for absorption. Please note that in keeping with EPA
guidance, intake for dermal exposure pathways are estimated in terms of
absorbed dose and not quantity of chemical at the exchange boundary.
Estimates of chemical intakes in accordance with RME scenarios are
presented in this section. Chemical intakes were estimated for both
adults and children and for both current and future land use.

Calculations and input para•meters used for estimating intake rates
through the inhalation, soil ingestion, groundwater ingestion. and dermal
contact with soil and groundwater pathways were obtained from EPA
(EPA, 1989a; 1990a; 1991a). The calculated intake rates are combined
with toxicity criteria values (discussed in Section 5.3) to characterize
potential health risks.

The calculations used to estimate exposure or intake from contact withl
chemicals in soil have the same general components: (I) a variable
representing chemical concentration; (2) variables describing the
characteristics of the exposed population; and (3) an assessment-
determined variable that defines the time frame over which exposure
occurs. The general mathematical relationship between these variables
and chemical intake in humans is as follows:
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C x CR x EF x ED (1)
AT x BW

where,

I = Intake (mg/kg-day)

C = Average concentration in the contaminated medium
contacted over the exposure period (either mg/kg, mg/I or
mg/m 3)CR = Contact rate; the quantity of contaminated
medium contacted per unit time (e.g., mg/day))

EF Exposure frequency (days/year)

ED = Exposure duration (years)

AT = Averaging time; period over which exposure is averaged
(days)

BW = Body weight (kg)

The calculated intake rates are combined with toxicity criteria values
(discussed in Section 5.3) in order to characterize potential health risks.

5.3 Toxicity Assessment

The toxicit% assessment determines the relationship between th-. magni-
tude of exposure to a chemical and the adverse health effects. This

assessment provides, where possible. a numerical estimate of the
increased likelihood and/or severity of adverse effects associated with

chemical exposure (EPA, 198 9 a.

For purposes of the toxicity assessment, the COICs have been classified

into two broad categories: noncarcinogens and carcinogens. This classi-

fication has been selected because health risks are calculated quite differ-
ently for carcinogenic and noncarcinogenic effects, and separate toxicity'

values have been developed for carcinogenic and noncarcinogenic effects.
These toxicity values represent thc potential magnitude of adverse health

effe.cts associated with exposure to &hemicals, and are developed by FEPA

and the )epartnient of Toxic Substances (Control (I)TSCO. Toxicity

studi-.: A ith lahorator,, animals or epidmitiological studies of hum in
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populations provide the data used to develop these toxicity values. These
values represent allowable levels of exposure derived from the results of
toxicity studies or epidemiological studies. The toxicity values are then
combined with the exposure estimates in the risk characterization process
to estimate adverse effects from chemicals potentially originating from
OU D.

Noncarcinogenic effects were evaluated using either Reference Doses
(RfDs) or Reference Concentrations developed by EPA. The RfD is a
health-based criterion, expressed as chemical intake rate in units of
mg/kg-day, used in evaluating noncarcinogenic effects. Unless evidence
to the contrary exists, if a carcinogenic response occurs at the exposure
levels studied (typically high doses), it is assumed that responses will
occur at all lower doses. Exposure to levels of a carcinogen is then
considered to have a finite risk of inducing cancer. Estimates of cancer
are calculated using Slope Factors (SFs), which define the cancer risk
caused by continuous constant lifetime exposure to one unit of carcinogen
(in units of risk per mg/kg-day).

The toxicity values used to characterize health risks are presente&' in
Appendix H. The characterization of health risks for COPCs at OU D is
presented in Section 5.4.

5.4 Risk Characterization

Risk characterization involves estimating the magnitude of the potential
adverse health effects under study. This is accomplished by combining
the results of the dose response and exposure assessments to provide
numerical estimates of potential health effects. These values represent
comparisons of exposure levels with appropriate RfDs and estimates of
excess cancer risk. Risk characterization also considers the nature and
weight of evidence supporting these estimates, as well as the magnitude
of uncertainty surrounding such estimates.

Although the risk assessment produces numerical estimates of risk, these
numbers do not predict actual health outcomes. The estimates are calcu-
lated to overestimate risk, and therefore any actual risks are likely to be
lower than these estimates and may even be zero.

The numerical risk estimates are presented iai Table 5-2. Appendix H
presents summ.--y tables showing the numerical risk estimates for each
COPC in each exposure scenario. Generally, EPA considers action to be
warranted at a site when cancer risks exceed I x I0O. Action may or
may not be required for risks failing within I x 10' to I x l0'. This is
judged on a case-by-case basis. A hazard index (the ratio of chemical
intake to the RID) greater than 1.0 indicates that there is some potential
for adverse noncancer health effects associated with exposure to the
contaminants of concern (EPA, 199lb).

In interpreting the results presented in Table 5-2. it should be noted that
these represent likely pathways of exposure to human populations.
Health risks would likely be much greater than presented in this risk
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assessment if there were complete pathways of exposure to contamination
.7 in soil and soil gas at the sites under the Area D cap and the groundwater Health risks would likely be muc

under the cap. In the subsequent section, Prioritization of Sites for greater than presented in this ris
Further Action, health risks were evaluated with the assumption that assessment if there were completi
complete pathways of exposure existed to these contaminants. This pathways of exposure to
evaluation supports prioritization of sites with OU D along with other contaminiation detected in soil an
sites at McClellan AFB, and does not represent the potential magnitude soil gas at the sites under the
of health risks associated with contaminants migrating from sites in Area D cap and the groundwate,
OU D. The existing remedial actions at OU D, including the Area D under the cap.
cap, groundwater extraction and treatment, and soil vapor extraction have
a significant role in reducing health risks associated with sites at OU D.

The results from the risk assessment were compared with the findings
from the Health Assessment for McClellan AFB prepared by the Agency
for Toxic Substances and Disease Registry (ATSDR). In preparation of
the Health Assessment, ATSDR collected and reviewed relevant health
and environmental data for activities across the entire Base. The findings
from the ATSDR as they relate to specific features in OU D, along with
the specific results from the risk assessment, are summarized in
Table 5-3.
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Chapter 6
Problem Definition

This chapter identifies the contaminants and media that will require The areas of the site that will
remedial action. The areas of the site that will require remedial action require remedial action are
are determined by comparing the site data to the applicable or relevant determined by comparing the
and appropriate requirements (ARARs) and risk-based criteria. As data to the applicable or relevo
illustrated in Figure 6-1. the problem areas are defined to be those areas anud appropriate requirements
where site contamination exceeds the ARARs or risk criteria. The (ARARs) and risk-based criter
ARARs or risk criteria for each COC are summarized in Table 6-1.

Problem AreaP E
Requiring

MRemedial Acton

SACRAMNC O.TCALO

Target volumes are developed for the groundlwater and vadose zone at
Operable Unit D (OU D). The purpose of the target volume is to
establish a volume for developing and evaluating remedial action alterna- The purpose of the target vol
tives in the Feasibility Study ('FS). Target volumes are determined from to establish a volumne for dev
the understanding of the site conceptual model (Chapter 3). They are the and evaluating remedial acti(
most probable representation of the problem areas and may or may not alternatives in the Feasibility
coincide with the true volume of contaminated media. The target volume
is representative -3f the type and magnitude of problem requiring remedial
attion. The conceptual differences of the extent of contamination, the
problem area, and the target volume are illustrated in Figure 6-2. Target
volumes may be refined during the Vadose Zone FS.
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Table 6-1
Proposed Criteria for Contaminants of Concern
Based on ARARs and Risk Assessment

Groundwater
(Ag/I)

Soil Soil Gas' Federal I State
Contaminant of Concern (mg/kg) (jg/I) MCL MCL

Trichloroethylene 25 1.3 5 5

1.1-Dichloroethvlene 0.12 2.4 7 6

Vinyl Chloride 0.016 1 2 0 5

Tetrachlo-oethylene 56 1.5 5 5

1.1, 1-Trichloroethane 300 1.9 200 200

I,2- Dichloroethane 1.4 1 5 0.5

Freon 113 410 17.7 ....

Bis2-ethvlhexvl) phthalate 200 .... ..

i,2-Dichlorobenzene 230 -- 600 --

N a p h th a le n e .... 2 8 ,

Pvrene .... 210'

'From the Region IX Preliminary Remediation Goals for Industrial Soil (TBC criteria).
"Calculated levels to protect groundwater assuming a porewater concentration at the bottom
of a 2-meter thick capillary fringe equal to 0.5 g.g/l.
'From the U.S. EPA Integrated Risk Information System Reference Dose as water quality
criterion.
-- = Not available or estimated.

"Problem Area"
(Areas requiring

[~ ~ ~ ~rmda Trectntmiaoon)et/ f "Target Volume-'

True Extent of
Contamination

is
fig

IjV.

FIGURE 6-2
CONCEPTUAL
REPRESENTATION OF E,
OF CONTAMINATION, PR
AREA, AND TARGET VOL
OPERABLE UNIT D
McCLELLAN AIR FORCE BASE
SACRAMENTO, CALIFORNIA
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In defining the problem areas, the future use of O!J i) must be con-
sidered. McClellan Air Force Base (McClellan AFB) intends to maintain
the Area D cap and use the land within OU D for industrial purposes. In
particular, it is not anticipated that the land overlying the capped waste
pits will ever be used for residential purposes.

6.1 Volatile Organic Compounds in the
Vadose Zone

The ARARs analysis presented in Appendix I concludes that there are
currently no enforceable soil cleanup standards. The Preliminary
Remediation Goals established by EPA Region IX are non-legally binding
to-be-considered (TBC) criteria. The results of the risk assessment
indicate that current human health risks associated with vadose zone
contamination at OU D are less than I x 10'. The results of the Active remediation of the v,
contaminant transport modeling indicate that the VOC contamination in zone will be required to cot
the vadose zone may continue to be a source of contamination to the spread of contamination an
groundwater for many years into the future. Since contaminant concen- the threat to groundwater.
trations in the vadose zone must be protective of groundwater quality,
active remediation of the vadose zone will be required to control the
spread of contamination and reduce the threat to groundwater.

The area identified for remedial action is represented by the target
volume shown on Figure 6-3. The target volume encompasses the extent
of vadose zone contamination as defined by the available soil and soil gas
VOC data and extends to the groundwater. In areas where data are
limited (i.e., to the west of the McClellan AFB property boundary and to
the northeast of Building 1093), the boundaries of the target volume are
extended to the maximum extent of VOC migration as indicated by the
contaminant transport modeling (500 feet from the edge of the cap). It
should be noted that the estimated maximum extent of VOC contam-
ination occurs near the groundwater, as depicted in Figure 3-6. The
extent of shallo, soil gas contamination is likely to be smaller than the
area shown on Figure 6-3 (see Figures B-3, B-4, and B-5 in
Appendix B).

6.2 Nonvolatile Organic Compounds in the
Vadose Zone

As with the VOCs, there are currently no enforceable soil cleanup
standards for the nonvolatile organic cmpounds (non-VOCs) in the
vadose zone. The results of the risk assessment indicate that no complete
exposure pathway exists for the non-VOCs, and therefore they are not The extent of non-VOC cot
posing a human health risk. The non-VOCs in the vadose zone are tion in the vadose zone is %
generally confined to the areas beneath the Area D cap. Some pthalates capture zone of the ground

ENT and metals have been detected in borings outside the capped area (see ertraction .ystem. Non-V(
ILEM Chapter 4 and Appendix D); however, they are relatively isolated and not mnight enter the groundmwati
AE thought to represent a consistent source to groundwater. Although some be contatied.

of the non-VOC contaminants have migrated to groundwater in the past
(as evidenced by detectable concentrations of semivolatile organic
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compounds (semi-VOCs), pesticides, and metals in the groundwater),
migration is limited by the presence of the Area D cap. Additionally,
the extent of non-VOC contamination in the vadose zone is within the
capture zone of the groundwater extraction system. Non-VOC con-
taminants that might enter the groundwater would be contained. As long As long as the existing remi
as the existing remedial actions are continued, additional source actions actions are continued, addit
for the non-VOC contamination will probably not be required. source actions for the non-i
Development of a target volume for the non-VOCs is appropriate because contamination are probably
contamination exists and may impact human health or the groundwater if required.
the existing remedial actions were stopped. The target volume is pre-
sented in Figure 6-4 and encompasses the area where non-VOC
contaminants have been detected at concentrations above the Region IX
Preliminary Remediation Goals (EPA, 1993a) because they are TBCs.
This target volume is believed to represent the area posing the greatest
threat to groundwater. The methodology for quantifying groundwater
impacts of non-VOC contaminants will be presented in the Basewide RI.
This methodology will be applied to OU D as part of the FS evaluation
to verify the target volume presented in Figure 6-4.

6.3 Volatile Organic Compounds in
Groundwater

The ARARs analysis and risk assess'nent for the groundwater beneath
OU D have been conducted as part of the Groundwater OU FS. As a
result, four target volumes have been identified for the VOCs in the A
Zone. The largest target volume encompasses the area where VOC
contaminants are above background (considered as the detection limit).
The second largest target volume includes the areas where groundwater
concentrations exceed a 1 x 10' excess cancer risk. The third largest
target volume includes the areas where contaminants exceed the
maximum contaminant levels (MCLs). The smallest target volume
encompasses the "hot spot" which is characterized by the area where
trichloroethylene (TCE) concentrations are greater than 500 ttg/l. The
target volumes are presented in the Groundwater OU RI/ES Report.

6.4 Nonvolatile Organic Compounds in
Groundwater

The extent of nun-VOCs (semi-VOCs, pesticides/PCi3s, and mnetals) in

groundwater is within the area captured by the groundwater extraction
system. Non-VOC compounds have been detected in some of the extrac-
tion wells, but when combined with the flow from other extraction wells,

the concentrations to the treatment plant are within the levels that the
treatment plant can address and not exceed discharge requirements. The
target volume for the non-VOCs in groundwater is within the VOC target
volume and is presented in the Groundwater OU RI/FS Report.
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6.5 Volatile Organic Compounds in
Ambient Air

From data collected during the RI, the OU D risk assessment found that
the VOCs detected in the residential crawlspace and ambient air samples VOCs detected in the resiid
are considered to represent typical background ambient air concentrations crawlspace an~d ambient ait
and not an impact related to OU D. The presence of VOCs in the arc consilered to represent
nearby background air samples and emissions from permitted onbase background ambient air coj
industrial sources suggests that the contaminants in the soil gas near tions and not an impact rel
OU D may not be the source of the VOCs detected in the residential OU D.
crawlspace and ambient air samples.

Because the VOC contaminants detected in the residential crawlspace and
ambient air sampling appear to be consistent with background concen-
trations, they do not warrant any specific remedial action. The remedial McClellan AFB is continua
actions for the vadose zone and groundwater will provide an indirect monitoring the residential
benefit to the air b, reducing the potential sources of contamination. crawlspaces and ambient a,
Nonetheless, McClellan AFB is continually monitoring the residential
crawlspaces and ambient air and have a Contingency Plan in place should
the concentration levels become a threat.
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Chapter 7

Existing Remedial Actions

The existing remedial actions at Operable Unit D (OU D) consist of
excavation and capping, placing local residents on city water, the
groundwater extraction system, and the soil vapor extraction (SVE)
system. The locations of these remedial actions are shown in Figure 7-1.

7.1 Excavation and Capping

By 1985, three of the CSs: CSs 4, 6, and 26, had been excavated and
backfilled to remove the contaminated soil within these sites. In 1985,
the Area D Cap was placed over eight of the CSs to prevent infiltration
from precipitation and to control offgas emissions. llie Area D cap has beeni effective

The Area D cap has been effective at reducing infiltration and therefore at reducing infidtration and

has limited the migration of the less mobile contaminants (i.e., metals, therefore has limited the migration

pesticides/polychlorinated biphenyls (PCBs), dioxins, and semivolatile of the less mobile contaminants.

organic compounds (semi-VOCs). The Area D cap has probably had a
smaller effect on the more mobile contaminants, volatile organic com-
pounds (VOCs), which are more subject to diffusive and advective
transport.

7.2 Municipal Water Hookup

In 1986 and 1987, 500 offbase residences were connected to the munici-
pal water supply system. The switch to the municipal waier system was
initiated when the contaminated groundwater plume under OU D was
found to have migrated offb.ise.

The municipal hookups have
The municipal hookups have effectively eliminated the risks to oftbase effectivelyv eliminated the risks to
residents from contaminated groundwater by eliminating the exposure off base residents from contaminated
pathway. It is possible that some residents may still be using domestic groundwater by eliminating the
wells for nonpotable uses. exposure pathway.

7.3 Groundwater Extraction and
Treatment

The groundwater extraction system was established in 1987. The
groundwater is pumped from OU D and treated in the groundwater treat-
ment plant located south of OU D. The extraction system was installed
to control contaminant migration and -emove the contaminated ground-
water from beneath OU D).

Groundwater from six extraction wells in OU D is flowing into the
groundwater treatment plant at a flow rate of 80 gallons per minute
(gpm). The groundwater treatment plant consists of an influent tank,
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heat exchangers, an air-stripping column, activated carbon vessels, an
incinerator, and a scrubber. The OU D groundwater flows into the
influent tank where it is combined with groundwater from other OUs and
effluent that is recycled to maintain the minimum influent flow into the
air stripper. The water from the influent tank passes through two heat
exchangers to increase the water temperature and thereby increase the
stripping efficiency of the air stripper. The water then proceeds down
through the air stripper where contaminants are transferred to the
airstream. The water then proceeds to the activated carbon vessels
where any residua. contaminants are stripped out. The contaminated
airstream from the stripper is treated a.s the air passes through the
incinerator and the scrubber.

It appears that the existing groundwater extractior, system is effectively
controlling the migration of contaminants in both the A and B Zones. The existing OU D extraction system
The lateral extent of the capture zones are shown in Figure 7-2, along is controlling the areas of
with groundwater target volumes. The development of the target groundwater contaminution in both
volumes presented in Figure 7-2 is addressed in the Groundwater th,, A and B Zones. The ground-
Operable Unit RI/FS Report. water treatment plant effectively

removes contaminants and achieves
Target volumes were not delineated in the C or D Zoles because the effluent requirements.
monitoring wells are not screened within the C or D Zones.

Operation of the system has also resulted in an upward flow of
groundwater from the B Zone to the A Zone (refer to Figure 4-23),
controlling the downward migration of contaminants. The extraction
system effectively controls the spread of contaminants from the known
source areas underlying the OU D low-permeability cap. Areas of
contamination not within the capture zone of the present system are not
extracted and treated. These outlying areas of contamination may be the
result of historical contaminant transport from the source areas before
operation of the extraction system. Alternatively, the contaminants may
have originated from other unknown onbase and/or offbase sources.

Following extraction, the groundwater treatment plant effectively
removes contaminants and satisfies the effluent requirements of the
National Pollution Discharge Elimination System (NPDES) permit.

The groundwater treatment plant has removed approximately 10,000 lbs
of VOCs from OU D during its 6-year operation period from 1987 to
1993. Initially, the influent concentrations were relatively high, and the
mass per unit time removed was significantly greater than it has been
recently (CH2M HILL, 1993b). Recent operations data compiled for
1992 indicate that the cost per pound of VOC removed and treated is
$2,400. Initially when contaminant removal rates were high, the
operational cost was approximately $80 per pound of VOC removed.

7.4 Soil Vapor Extraction

The SVE system was constructed within Site S in 1992 and in operation
in 1993. The SVE system was installed as a treatability study to deter-
mine its effectiveness in removing VOC contaminants and less mobil,.
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compounds from waste pits and the native soil. The SVE system con-
sists of I / vapor extraction wells, manifold piping, an air/water 30,000 600

separator. blowers, and a catalytic oxidation treatment unit. Altera 56

treatment methods are also being pilot tested. The SVE system is
currently not a full-scale remedial action; it will be considered for
expansion in the Basewide Vadose Zone Plug-in Feasibility Study (FS). - 25,000 24:000 500

The SVE system has been very effective at removing VOCs from the
vadose zone within and around Site S. The estimated area of influence W

> w.
of the SVE system is shown in Figure 7-3 along with the VOC target O 20,000 .400

area. The area of influence was qualitatively estimated from observa- W .
tions at MW-7 (i.e., increased oxygen and decreased vinyl chloride >

concentrations, refer to Appendix C) located approximately 400 feet from 0 300> 15,000 300 uSite S near the ed2e of the cap. These observations suggest that the SVE (n 10

system may be influencing the capped area. Determining the actual area 0
influenced by the system is an objective of the next phase of the 0J
Treatablity Investigation. During a relt!hvely short 6-week operating 0 10,000 1200 0

period in Mdrch and April 1993, approximately 24,000 pounds of VOCs
were removed and treated. The cumulative mass removed is shown in
Figure 7-4. The total speciated VOC concentrations increased to 5,000 100
approximately 2.500 ppmv during the operation period. Individual VOC
concentrations generally increased, except for vinyl chloride, which
reached a peak concentration of 85 ppmv after 3 days of operation then 0..
steadily decreased to less than 10 ppmv. The vinyl chloride behavior is
typical of that observed at other SVE sites. Since vinyl chloride is very Soil Vapor Gmundwater

mobile in the gas phase and orly produced in anaerobic environments, its RExtrac 210

removal from the vadose zone is rapid. As the subsurface is changed to
aerobic conditions because of operation of the SVE system, vinyl
chloride is no longer produced.

The approximate operational cost per pound of VOC removed is $5.
This cost does not include construction and setup costs which would bias
the cost high since the operation period is so short. The cost per pound
removed should increase over time as the contaminant concentrations
decline. However, compared to the cost per pound for the groundwater
extraction and treatment system, SVE still looks economical. The SVE
system provides a greater benefit in terms of mass of contaminants
removed than groundwater extraction.

W. 90
>
0 80 80

7.5 Need for Additional Actions Cr 70

o0 60
It appears that the Area D cap is effectively addressing the non-VOC 0z 50
contamination in the vadose zone, and. as long as it is maintained, addi- 0 40
tionai actions may not be necessary. The Basewide Vadose Zone Plug-in O

FS will evaluate potential remedial actions against the Area D cap to w 30
determine if continued maintenance of the cap is the best remedial .n 20

alternative. <
-1 10

-J
0

Although SVE is very effective at removing the VOCs from the vadose 0 0
zone. the current system was not designed to (nor does it) completely Soi. "p .oinG•ate
address all the VOC contamination. The Basewide Vadose Zone Plug-in .:a .. n
FS will evaluate SVE as a presumptive remedy and develop alternatives ROD1477 210

foi full-scale implementation.
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The groundwater extraction and treatment system is effectively address-
ing the groundwater contamination at OU I). Potential enhancements to
the extraction and treatment system are evaluated in the Groundwater
OU FS. Continued monitoring is necessary to verify that the contamina-
tion is effectively controlled and treated.
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Chapter 8 Remedial

Potential Future Actions Investigation

Additional

This remedial investigation report has been prepared to summarize and RI Data

pro% ide interpretations of investigation data obtained to date from Feasibility
Operable Unit D (OL" D). A rational question that should be posed by Studies
persons interested in the eventual fate of OU D is: What next? No%%
that the available data have been obtained and analyzed for OU D, what
,A ill be done with the inform~tinn in the future to address the contamina-

,,,n pfobiems created b% OL D?
P Remedial

This Thapter is a discussion of the future activities that will be needed for Designs
) D to achies e adequate remediation of the contamination. Future _J

a.tis ties needed may he grouped into three categories: (1) Feasibility
Stud% ;'ýS). 12) Remedial Design'Remedial Action (RD"RA) activities:
and (3) Additional Data Collection and Evaluation to support the Feasi- , •
bilits Stud\ and RD'RA. Each of these categories are discussed individ- Remedial
uallý in this chapter. Actions

8.1 Feasibility Study Activities

A sinele I-S is planned to address basew;ide sadose zone contamination.
The FS will be ,Aritten to address volatile organic compound ýVOCt
contamination, and nonvolatile organic compound contamination ti.e.
-emi-VOCs and metals). The final feasibility study is scheduled to be
completed b- Nosember lQQ4. The final ROL) is scheduled for
completionb\ lMarch IQ5

The approach for the vadose zone VOC contamination component of the
IS 'A ill b, an innovative one that employs the pr'suimptiv'c rrmedN and
plue-tm concepts. The presumptive remedy concept will be used for
\k()Cs in the vadose zone. The presumptive remedy will be soil vapor
extraction rSV\E). The plug-in concept A. ill be used for both VOCs and
non-VO\Cs. The plug-in concept will alloA the ROD for contamination
in the vadose zone to be s. ritten to support remnediations at all locations
at McClellan Air Force Base (McClellan AFB). and not just at OU D.
Chapter 2 provides more detailed definitions of these two concepts.

8.2 Remedial Design/Remedial Action
Activities

After the FS is completed and the proposed plan has been developed,
subjected to public comment, and the final ROD has been signed, the
RD"RA phase of work at OU D will begin. The RD/RA progress will
he stronglh dependent on the site characterization data obtained during
this RI. as well as on the alternative evaluations that will be performed
for the FS.
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Data from other sources will also be needed to support the RD/RA
effort. These include information from the SVE treatability study
regarding subsurface airflo% characteristics under the cap, mass and type
of contaminants removed, destruction efficiencies of the offgas treatment
system. operational cost information with recommendations for ways to
reduce the cost of a full-scale system, and other information or experi-
ence that would improve the design and implementrition of a full-scale
SVE system (the presumed remedy for VOCs in the vadose zone).

For the design of a system to remediate non-VOCs in the vadose zone,
data may be needed from the solidification/stabilization treatability study
at OU C. Treatabilit, data may also be needed from 'he Ex Situ
Bioremediation Treatabilitv Study. It is not known at this time what the
remedial action for non-VOCs in the vadose zone will be

8.3 Additional Data Collection and
Evaluation

To further refine knowledge regarding the extent of contamination at
OU D. additional information may be needed to support the FS and
RDs"RAs. Figure 8-1 is a plot showing how the knowledge on the
extent of contamination (as measured by target volume accuracy) should
increase as expenditures increase on the project. The increases in cost
may be partially attributed to the evaluation and use of existing data, and
partially to the collection and evaluation of new data that has not been
obtained at the time of this report.

Compiete,EEnd Remedial
Erd S . Remedial Action
En I:Sd • Design.

so~
-5
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The followirL6 data collection efforts are currently planned to provide
more data regarding contamination at OU D and to provide additional
support to the FS:

1. Install three additional soil vapor monitoring wells (Cl, CS, and
C8) on residential properties to the west of OU D-These wells
will be used to help better define the boundaries of the VOC target
volume in the vadose zone. Soil samples will be obtained during
drilling of the borings to provide metals, semi-VOC, and VOC
data; downhole soil gas sampling will also be conducted. The
locations of these wells are shown in Figure D-2 in Appendix D.
The wells will be completed and s- ioled according to the Final
Work Plan for OU D (CH2M H1L1 , 1993a).

2. Install one new groundwater monitoring well-This well will serve
as a replacement well for MW-1005, and should provide more
information on the extent of groundwater contaminatioai to the
northwest of OU D. The location of this well is shown in
Figure D-4.

3. Conduct air permeability testing-One air permeability test is
planned. The test will consist of monitoring the apparent radius of
influence of the existing SVE pilot plant. Pressure measurements
will be taken at selected vadose zone monitoring wells as the SVE
plant is operating under a steady-state condition of air flow. The
pressure measurements will be combined with soil gas chemistry
and correlated with the horizontal distances from the extraction
wells and airflow rate to evaluate the air permeability of differing
lithologies at varying depths and directions.

4. Perform quarterly sampling-Quarterly sampling of the SVMWs
will continue to provide information on the migration of the soil
gas contamination in the vadose zone. Chemical data and air
pressure data will be collected to monitor the effectiveness of the
Site S SVE system and to design the expansion of the SVE system.

5. Expansion of the Site S SVE system-An additional 13 extraction
wells and monitoring wells will be installed within the waste pits
and surrounding soils as part of the SVE expansion under the
Basewide EE/CA. Additional characterization data will be
collected to improve mass estimates and adjust the SVE design and
operations.

The above data will be used to reduce the total uncertainty regarding the
subsurface characteristics and the extent of contamination that resides
within the subsurface. However, the site characteristics will never be There will be a point of diminishing

known with absolute certitude; the heterogeneities and discontinuities in returns where the incremental
the subsurface are far too complex to be understood in their entirety investigation cost will be too high to
before implementing remedial action. There will be a point of justify the small increase in site
diminishing returns where the incremental investigation cost will be too understanding.
high to justify the small increase in site understanding. This concept is
illustrated in Figure 8-2, where a point is shown of "acceptable
uncertainty". This is the point where the investigation can stop, and
RD/RA can begin despite some remaining unknowns.
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One of the functions of the FS will be to characterize the remaining
unknowns and to quantify their possible impacts on the evaluated remed-
ial alternatives.

Uncertainty

Cost

D

(-3

FIGURE 8-2
UNCERTAINTY AND COST

1 AS A FUNCTION OF TIME
0 OPERABLE UNIT D
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