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PREFACE

Radian Corporation 1is the contractor for the RI/FS program at
McClellan AFB, California. This work was performed for the Installation

Restoration Program Office (HSD/YAQI) under AF Contract No. F33615-87-D-4023,
Delivery Order 0006.

This report presents the sampling and analysis plan for a hydro-
geologic assessment to be conducted at McClellan AFB. The sampling and
analysis plan presents the rationale and methodology for gathering strati-
graphic, hydrologic, and groundwater quality data at the base where such data
are incomplete or unavailable.

Key Radian project personnel were:

Nelson Lund, P.E.--Contract Program Manager
Jack D. Gouge’--Delivery Order Manager
William Knight--Project Manager
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1.0 INTRODUCTION

This document is a Sampling and Analysis Plan for a Preliminary
Groundwater Operable Unit Remedial Investigation (Hydrogeologic Assessment) to
be conducted at McClellan Air Force Base (AFB), California. The scope of
work, methods, and rationale for the Preliminary Groundwater Operable Unit
Remedial 1Investigation (Hydrogeologic Assessment) are presented. The
Preliminary Groundwater Operable Unit Remedial Investigation (Hydrogeologi-
Assessment) will be conducted as part of the Remedial Investigation/
Feasibility Study (RI/FS) currently underway at McClellan AFB and will provide
the framework for future investigations and remediations of groundwater

contamination at the base.

The objectives of the Preliminary Groundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment) are characterization of hydrogeologic
conditions and further definition of the extent of groundwater contamination
beneath McClellan AFB. The primary uses of data from the hydrogeologic
assessment will be to determine which areas may require groundwater operable
unit remedial investigations and to evaluate groundwater remediation alterna-
tives in future work. Of particular interest are those areas where little or
no subsurface investigation has been completed to date or where the level of
effort of past investigations is inadequate relative to what is known about
past storage and disposal practices. The hydrogeologic investigation is
intended to: identify geologic and hydrologic characteristics of hydrogeo-
logic units; determine continuity of waterbearing zones and aquitards; more
clearly define horizontal and vertical groundwater flow directioms and gradi-
ents; and increase the number of sampling points for groundwater quality
analyses. Attainment of the objectives will provide a hydrogeologic framework
within which the hydrogeologic and water quality conditions of groundwater
operable unit areas can be more effectively evaluated in the future and
measures for groundwater remediation may be assessed from the larger perspec-

tive.

In the course of discussions and planning of hydrogeologic assess-

ment for McClellan AFB between the United States Air Force and regulatory

D13/082489/hmm 1-1
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agencies, the objectives of the investigation have evolved, such that the
targeting of areas as groundwater operable units has gained significant
importance. In keeping with the adjustment in objectives, a preliminary
division of McClellan AFB into geographic operable units has been proposed.
Figure 1-1 illustrates the tentative operable unit areas which will be con-
sidered and further defined by the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment). The geographic areas were

selected and named using the following criteria:

. Geographic grouping of past waste disposal sites/locations and

potential groundwater plume locations;

] Areas of the base where groundwater flow may have been signifi-
cantly different from adjacent areas due to the present or
historical impact of operation of on- and off-base supply

wells;

° The size of the area in which there is an expectation for

successful remediation of the groundwater pathway; and

° Maintaining, with some modifications, the historical nomencla-
ture of known geographic areas of handling, use, treatment, and

disposal of wastes.

Base Area A was divided into three sections. Section Al has a
potential for off-base migration to the southeast greater than A2. Section A3
was separated due to the impacts of Base Wells 13 and 18 and for possible
combination with Area B. Size of the areas for successful remediation was

also a consideration.
Base Area B was split because of the potential for combination of B2

with A3 and the higher likelihood of off-base migration from Bl. Size for

successful remediation was also a consideration.

D13/082489 /hmm 1-2
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Area C was split into two sections because the locations naturally
fall into two clusters and the possibility of separate areas of contamination
exist. The Area D cap and extraction system is already under consideration by

the agencies as an operable unit.

Based on the minimal groundwater flow direction data currently
available in the northeast portion of the base, Areas F, G, and H all have the
potential for different groundwater flow directions. At times, groundwater
beneath Area G has shown some potential for seasonal off-base flow. In Area H
and Area F, groundwater flow directions cannot be determined. Area E includes

the few remaining sites/locations not easily connected to the others.

The following subsections present a summary of the AF’s Installation
Restoration Program (IRP) and 1its relation to the RI/FS process. The
objectives of the RI/FS at McClellsnn AFB are also described. Section 2.0
summarizes historical storage and disposal operations at McClellan AFB and
environmental investigations completed in the past to determine the magnitude
and extent of subsurface contamination. Section 3.0 describes the environ-
mental setting of McClellan AFB, including a summary of hydrogeologic condi-
tions as they are currently understood. Section 4.0 presents the basis for
implementation of RI/FS studies at the base. Section 4.6 addresses specifi-
cally the data requirements that dictate the scope of work for the Preliminary
Groundwater Operable Unit Remedial Investigation (Hydrogeologic Assessment).
Section 5.0 describes the scope of work, and investigation and data evaluation
methods, for the Preliminary Groundwater Operable Unit Remedial Investigation
(Hydrogeologic Assessment). Sections 6.0 and 7.0 present the technical report
outline and schedule for the Preliminary Groundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment). Cited and uncited references that
are applicable to the Preliminary Groundwater Operable Unit Remedial Investi-

gation (Hydrogeologic Assessment) are presented in Section 8.0.
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1.1 U.S. Air Force Installation Restoration Program

The U.S. Department of Defense (DOD) is conducting a nationwide
program to evaluate waste disposal practices on DOD property. The purpose of
the program is to control the migraticn of hazardous contaminants and to
control hazards that may result from these waste disposal practices. The
program 1is identified as the Installation Restoration Program (IRP) and
consists of four phases: Phase 1, Problem Identification/Records Search;
Phase II, Problem Confirmation and Quantification; Phase III, Technology Base
Development; and Phase IV, Remedial Actions in support of the program. The
United States Air Force (AF) has initiated an IRP investigation at McClellan
Air Force Base (AFB) near Sacramento, California. Phase I and Phase Il Stages
2-1 through 2-5 have been completed. This document describes the elements of
a Preliminary Groundwater Operable Unit Remedial Investigation (Hydrogeologic
Assessment) that will be completed by Radian Corporation as part of the RI/FS
(equivalent to the IRP Phase I11/IVA) at McClellan AFB. This Sampling and
Analysis Plan has been completed under AF Contract No. F33615-87-D-4023,
Delivery Order 06.

1.1.1 Program Origins

In 1976, the DOD developed the comprehensive IRP in response to the
Resource Conservation and Recovery Act (RCRA) of 1976, and in anticipation of
the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980 (CERCLA is the legislation that authorizes the United States
Environmental Protection Agency (U.S. EPA) "Superfund" program). The Depart-
ment of Defense issued a Defense Environmental Quality Program Policy Memoran-
dum (DEQPPM), dated June 1980 (DEQPPM 80-6), that requires the identification
of past hazardous waste disposal sites at DOD agency installations. The Air
Force implemented the DEQPPM in December of 1980. The program was revised by
DEQPPM 81-5, dated December 1981, which reissued and amplified all previous
directives and memoranda on the IRP. The Air Force implemented DEQPPM 81-5 in
January 1982.
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PORATION

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

phases of the program, and the approaches used in the IRP have evolved accord-

ingly. Based on experience at Air Force bases nationwide, the Air Force has

adopted an approach that streamlines and integrates the elements of the

program.

1.1.2 Program Objectives

The long-range objectives of the McClellan AFB IRP are:

Determination of the nature and extent of contamination and the
potential health risks which result from contaminants found at
former storage and disposal confirmed sites, potential release

locations (PRLs), and in soil and groundwater at the base;

Evaluation, screening, and selection of remedial measures

appropriate for soils and groundwater;

Submittal of selected remedial measures for public and regula-

tory agency comments;

Acquisition of a Record of Decision followed by remedial design

and implementation; and

Attainment of post closure stature for past storage and dis-

posal confirmed sites and PRLs at McClellan AFB.

Remedial measures selected will be consistent with the National 0il

and Hazardous Substances Contingency Plan, also referred to as the National

Contingency Plan (NCP) (40 CFR 300, November 20, 1985) for those sites that

pose a threat to human health or welfare or the environment.
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ORPORATION

1.1.3 Program Organization

This subsection describes the organization of the current IRP. It
is the intent of the Air Force that the IRP be equivalent to the NCP process
in accordance with CERCLA procedures. Therefore, the NCP nomenclature is used
throughout. Phases I, II/IVA, III, and IVB are briefly described below and

presented in Table 1-1.

Phase 1

The Phase I objectives are to identify and assess past disposal
sites and PRLs. This assessment considers whether each site poses a hazard to
human health or the environment as a result of direct contact, contamination

migration, or contaminant persistence.

Phase I11/IVA (RI/FS)

The integration of Phases II and IVA corresponds to the Remedial
Investigation/FeasibiliLy Study (RI/FS) program described in the NCP and in
the Sunmerfund Amendments and Reauthorization Act (SARA) of 1986. Data collec-
tion and subsequent site characterization are the main objectives of Phase II,
which will be conducted concurrently with Phase IVA. Development, screening,
and detailed analysis of remediation alternatives form the main portion of
Phase IVA, which leads to selection of the recommended remedial action alter-

native.

Phase 111

In Phase III, the research and technology required for objective

assessment of environmental effects or remedial technologies are implemented.

fhase IVB

Phase IVB involves the construction and implementation of the

remedial alternatives.
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1.1.4 Program Documents

The AF IRF has been designed and is being conducted under guidance

fiom th. applicable documents presented in Table 1-2.

1.2 Current Study Objectives

This Sampling and Analysis Plan describes the field investigations,
data evaluation, and reporting that are required for the Preliminary Ground-
water Operable Unit Remedial Investigation (Hydrogeologic Assessment). The
objectives of the Preliminary Groundwater Operable Unit Remedial Investigation
(Hydrogeologic Assessment) are characterization of the hydrogeologic cond:i-
tions and further definition of the extent of groundwater contamination
beneath McClellan AFB. The information will provide a framework for the
interpretation of groundwater and contaminant migration on a basewide scale.
Within the hydrogeologic framework, potential groundwater -perable unit :reas
and groundwater remediation alternatives will be more readily identified and
evaluated. 7o attain the objectives of the Preliminary Groundwater Operable
Unit Remedial Investigation (Hydrogeologic Assessment), the geologic and
hydrologic characteristics of the alluvial deposits that have the greatest
apparent influence on groundwater and contaminant migration will be
identified. More specifically, the following elements will be assembled from

the data obtained during the course of the investigation:

. Determination of the continuity of monitoring zones and aqui-
tards that delineate waterbraring zones (for example, 100-,
150-, 200-, and 300-foot zones) in portions of the base where

they have not been characterized;
. Better definition of horizontal and vertical hydraulic and

gradients groundwater flow directions, including the effects of

water supply pumping;

D13/082489/hmm 1-9
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TABLE 1-2. LAWS,

REGULATIONS,

AND DOCUMENTS APPLICABLE TO THE IRP

Applicable Laws,
Regulations, and Documents

Notes

e Public laws

PL 96-510

United States Code
42 USC 9601 et seq.

e Regulations

Code of Federal Regulations

40 CFR 136.3e,
Table II

40 CFR 1236,
Appendix A

40 CFR 136,
Appendix B

40 CFR 136
Appendix C

’

40 CFR 300

Federal Register

Vol. 51, No. 1ll4,

13 June 1986

o Presidential Documents

Executive Orders

EO 12088

EO 12580

Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA) of
1980

CERCLA/SARA 1986

Required Containers, Preservation Tech-
niques, and Holding Times

Methods for Organic Chemical Analysis of
Municipal and Industrial Wastewater

Definition and Procedure for the Determi-
nation of the Method Detection Limit

Inductively Coupled Plasma--Atomic Emis-
sion Spectrometric Method for Trace
Element Analysis of Water and Wastes
Method 200.7

National Contingency Plan (NCP)

Toxicity Characteristics Leaching Proce-
dure (TCLP)

Federal Compliance with Pollution Control
Standards (13 October 1978)

Superfund Implementation (23 January 1987)

D13/082489 /hmm
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TABLE 1-2. (Continued)

Applicable Laws,
Regulations, and Documents Notes

e Environmental Protection Agency (EPA)

EPA-330/9-51-002 MEIC Manual for Groundwater/Subsurface
Investigations of Hazardous Waste Sites

Superfund Exposure Assessment Manual
(January 1986)

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

SW-846 Test Methods for Evaluating Solid Waste,
Third Edition (1986)

e American Public Health Association (APHA, AWWA, & WPCF)

Standard Methods for the Examination of
Water and Wastes (1l6th Edition)

e American Society for Testing and Materials

D-1452 Soil Investigation and Sampling by Auger
Boring

D-1586 Penetrating Test and Split-Barrel Sampling
of Soils

D-2487 Unified Soil Classification System

D-2488 Recommended Practices for Visual-Manual

Description of Soils

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

e Handbooks

Environmental Protection Agency

EPA-540/G-85-002 Guidance on Remedial Investigations under
CERCLA
EPA-540/G-85-003 Guidance on Feasibility Studies under CERCLA

Analytical Chemistry

Vol. 55, Pages 2210- Principles of Environmental Analysis
2218, 19 December 83
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) Evaluation of hydraulic conductivities and other hydraulic

parameters for waterbearing zones and aquitards;

° Analysis of water quality samples from newly installed monitor-

ing wells; and

) Better definition of groundwater operable units and to assist

in determination of the need for expedited action, if any.

The information will be useful in developing a three-dimensional
characterization of areas of the base where contaminants have been detected
and where remedial measures will be considered. This characterization will
provide a basis for determining migration behavior of contaminants and for
evaluating measures to control migration and remediate contaminated ground-

water.

Additional monitoring wells and hydrologic evaluation may be re-
quired in specific areas after completion of the Preliminary Groundwater
Operable Unit Remedial Investigation (Hydrogeologic Assessment). However, the
basewide hydrogeologic framework will provide a base for more effective
selection of future monitoring or extraction well locations and site-specific

hydrogeologic assessments.
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2.0 BACKGROUND

Section 2.0 presents a brief description of McClellan Air Force Base
(AFB) and summarizes historical waste management practices. A summary of
areas affected by soil and groundwater contamination, and investigations

completed or ongoing to evaluate the contamination, is also presented.

2.1 Background of Base Activities

McClellan AFB was estabiished in 1936 when Congress authorized the
construction of a new airv repair depot and supply base for the War Department
(predecessor of the Department of Defense). Initially named the Sacramento
Air Depot., cthe base was dedicated in 1939. Later it was renamed McClellan
Field in honor of Major Hezekiah McClellan, a pioneer in the charting of

Alaskan air routes.

Base operations increased dramatically during World War II. From an
operation of a few thousand people, McClellan AFB grew to an industrial
facility processing about 7,000 aircraft for action during the war years. In
the early 1950s, McClellan AFB changed from a bomber depot to a jet fighter

maintenance depot.

2.1.1 Description of Installation

McClellan AFB, an Air Force Logistics Command Center, is located
approximately 7 miles northeast of downtown Sacramento, California, as shown
on Figure 2-1. The base includes 2,598 acres within irregularly configured
boundaries. The base property is bounded approximately by Elkhorn Boulevard
to the north, Interstate 80 to the south, Watt ~Avenue to the east, and Raley
Boulevard to the west. McClellan AFB currently employs approximately 22,000
personnel, including 7,000 military personnel and approximately 15,000

civilian employees.

D13/082489 /HMM 2-1
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comPpORATYTION

2.1.2 Past Waste Management Practices

The United States Air Force (AF), in fulfilling its primary mission
to militarily defend the United States through the operation and maintenance
of aircraft, has long been engaged in a wide variety of operations that
require Lue use of toxic and hazardous materials. Some hazardous materials
that have been used at McClellan AFB include: industrial solvents and caustic
cleaners, electroplating waste contaminated with heavy metals, oils
contaminated with polychlorinated biphenyls (PCBs), contaminated jet fuels,

low-level radioactive wastes, chemicals, and a variety of oils and lubricants.

Historically, most of these hazardous materials were buried as waste
in pits along the western edge of the facility. That practice was phased out
in the late 1970s. Today, these wastes are either placed in drums and trans-
ported to an approved Class I disposal site or discharged into the Industrial
Wastewater Treatment Plant (IWIP). Sludge from the IWIP also is transported

to an approved Class I disposal site.

In the past, McClellan AFB has used a variety of on-base disposal
facilities, ranging from burial pits (used for disposal of refuse, demolition
material, excess military equipment, chemic~'s, etc.), sludge/oil pits, and
burn pits (used for disposal of refuse, oil, chemicals, etc.), to assorted
miscellaneous disposal pits (used for disposal of sodium valves, etc.).
Industrial waste sludge also was disposed of on base at the Class II-I site
approved by the California Regional Water Quality Control Board. These
practices have since been eliminated. The industrial waste sludge is now
known to contain high concentrations of organic compounds including tetra-
chloroethene (PCE), trichloroethene (TCE), chloroform, and 1,1,2-trichloro-
ethane, and 2,2,1-trifluorocethane. These organic compounds may have been

disposed of in the sludge/oil pits.
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2.1.3 Previous Investigations, Regulatory History. and Response Actions

The discovery of soil and groundwater contamination at McClellan

AFB, and the subsequent implementation of the IRP, is summarized below.

2.1.3.1 Problem Discovery

Acknowledging that TCE had been used extensively at McClellan AFB
prior to 1978, the McClellan AFB Environmental Protection Committee in August
1979 voluntarily created a special groundwater contamination committee to
determine if groundwater quality problems existed in the McClellan AFB com-
munity. The committee’s initial action was to analyze water from several
water supply wells located near each corner of the base. In early November
1979, the base initiated a meeting with the California Central Valley Regional
Water Quality Control Board, the City and County of Sacramento, and the
California Department of Health Services to discuss initial findings. Repre-
sentatives at this meeting agreed to analyze groundwater samples on and around
the base to determine the magnitude of the problem. Monitoring of on- and
off-base water supply wells throughout November 1979 resulted in the closure
of three off-base wells and two on-base wells. Two of the off-base wells be-
longed to private homeowners; the third belonged to the City of Sacramento.
Since that time, three additional base water supply wells have been taken
off-line. To respond to the situation, McClellan AFB developed a five-part
investigatory program that included: 1) protection of drinking water; 2) eval-
uation of past disposal practices; 3) initial identification of affected
areas; 4) initial study of local geology and groundwater; and 5) initial
source investigation, using monitoring wells and soil borings. Under this

program, 15 monitoring wells were installed and sampled.
For purposes of discussion, the study area on and surrounding

McClellan AFB was divided into 10 geographic on- and off-base areas as shown

in Figure 2-2. The five geographic on-base areas are as follows:

D13/082489 /HMM 2-4
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. Area A and Adjacent On-Base Areas;

. Area B and Adjacent On-Base Areas;

° Area C and Adjacent On-Base Areas;

. Area D and Adjacent On-Base Areas; and
o Cther On-Base Areas.

The five geographic off-base areas are as follows:

° Northeast Area;

° Northwest Area;

° West Area;

° Southwest Area; and
] Southeast Area.

Based on the results of the initial study, the Air Force determined
that at least four areas of groundwater contamination required more detailed
investigation. These four areas are Areas A, B, C, and D as shown on Figure

2-2. A brief description of these four areas follows.

Area A

Area A is located in the southeast portion of the base. Base water
supply wells BW-1, BW-2, BW-8, and BW-12 are located within this area and were
closed due to TCE contamination. Area A consists of 1 confirmed site and 51
potential release locations (PRLs) which, due to prior activities on base,
were suspected to have contributed hazardous substances to the underlying
soils and groundwater. Materials disposed included refuse and refuse ash,
ethylene dichloride, cresylic acid, skimming pond sludges, and industrial
wastewater sludge. Groundwater samples from monitoring wells in the vicinity
of Area A have contained a variety of volatile organic compounds (VOCs),
including: TCE, 1,1-dichloroethene (1,1-DCE), 1,2-dichlorethane (1,2-DCA),
acetone, toluene, carbon tetrachloride, 1,1,l1-trichloroethane (1,1,1-TCA),
chloroform, dichloromethane, benzene, ethylbenzene, and chlorofluorocarbon.
Analyses of soil samples have detected acetone, benzene, chloroform, ethyl-
benzene, TCA, total xylenes, bis(2-ethylhexyl)phthalate, and di-n-butylphtha-

late.
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Area B

Area B is in the southwest portion of the base. Low levels of TCE
have been found in base well BW-18 which is located within Area D. A private
well and a City of Sacramento well, CW-150, both located to the southwest of
Area B, were closed due to TCE contamination. Area B has historically been an
area of varied uses: storage buildings, a chemical laboratory, a woodshop and
instrument repair facility, a paint facility, and a plating shop have been
located within Area B. There are 2 confirmed sites and 22 PRLs in Area B.
Materials handled at various locations within the area include TCE, chloro-
fluorocarbon, diethyl ether, low level radioactive wastewater, and waste
chemicals generated during plating activities. The analytes detected in
groundwater beneath Area B are 1,1-DCE, TCE, 1,2-dichlorocethane (1,2-DCA),
methyl ethyl ketone (MEK), carbon disulfide, dichlorobenzene, chloroform, and
methylene chloride. Heavy metals that have been detected are barium, chro-

mium, and lead.

Area C

Area C, in the western-central portion of the base, includes numer-
ous past disposal sites. Solid waste, industrial waste sludges, waste sol-
vents, o0il, and chemicals were disposed of at these sites in the past. There

are 12 confirmed sites and 31 PRLs in Area G.

Area D

Area D is in the northwest portion of the base. It includes the
past sludge/oil disposal pit sites. Area D also is near the off-base area
where a private well was closed due to TCE contamination. Analyses of ground-
water samples from monitoring wells located in Area D indicate that compounds
present in groundwater are similar to those present in the nearby sludge pits.
The sludge pits are likely sources of the groundwater contamination in the

area. There are 10 confirmed sites and 3 PRLs in Area D.

Other Areas

A number of storage and disposal sites have been identified in other

areas throughout the base consisting of 2 confirmed sites and 16 PRLs. The
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majority of these sites have not been investigated to date. Potential and
known wastes disposed at these sites are generally similar to wastes disposed

in the other designated areas.

2.1.3.2 The IRP Program

In 1981, the Department of Defense (DOD) developed the Installation
Restoration Program (IRP) to identify and evaluate suspected contamination
problems resulting from past hazardous waste disposal practices. The IRP was
developed as a four-phase program. Phase I consists of installation assess-
ment (record searches) to identify the potential problem areas, base history,
and environmental setting. Phase II/IVA corresponds to the Remedial Investi-
gation/Feasibility Study (RI/FS) processes described in the National 0il and
Hazardous Substances Pollution Contingency Plan (40 CFR Part 300, November
1985). Phase III identifies and develops remedial action technologies. Phase
IVB includes the implementation of a recommended remedial action (operations).
Major activities which have been performed at McClellan AFB as part of the IRP

are described below.

In July 1981, CH2M Hill completed a Phase I records search to
identify and prioritize past activities at McClellan AFB. The results of that
study are contained in the report entitled, "Installation Restoration Program
Records Search for McClellan Air Force Base, California"™ (CH2M Hill, 1981).
The report also included information generated by the Air Force in a study
entitled, "Investigating Groundwater Contamination as of 30 April 1981"
(Brunner and Zipfel, 1981). The CH2M Hill Phase I report identified 46
potential hazardous waste storage and disposal sites and ranked them in order

of priority.

The CH2M Hill Phase 1 report identified two main areas of concern:
organic solvents found in the groundwater underlying the base, and PCBs
contained in the soil in a small area at the northwest corner of the runway
clear zone. The occurrence of PCBs was determined to be a result of previous

landowner activity. The AF removed the soils containing PCBs and disposed
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of them at an approved site off base. The Phase I report recommended imple-
menting an expanded monitoring program to determine the geographic extent of
organic compounds in the groundwater. Later, CH2M Hill conducted a Phase II

investigation of Area D.

In June 1983, Engineering-Science completed a Phase II study of the
base. This study consisted of a groundwater monitoring well installation and
sampling program to quantify the magnitude and extent of contamination on
base. The results of the Phase II study are reported in "Final Report,
Installation Restoration Program, Phase II - Confirmation, McClellan Air Force
Base, California" (Engineering-Science, 1983). As part of the Phase II study,
groundwater samples were collected from base water supply wells, existing
monitoring wells, and monitoring wells installed during the field program.
Specific compounds were targeted based on materials used and disposed of on
base. Samples were analyzed for U.S. EPA priority pollutants, including:
volatile organic compounds (VOCs), acid and base/neutral extractable organic
compounds, pesticides, herbicides, PCBs, metals, and cyanide. Selected
samples also were analyzed for cresylic acid and aliphatic material (oil and

grease) .

The results of the Phase II study indicated organic compounds and
trace metals were present in shallow wells throughout the base. The study
concluded that the shallow waterbearing zone (first waterbearing zone in the
aquifer) was contaminated, particularly along the western border of the base.
No apparent sources could be identified for the contaminants measured in some
wells, suggesting that delineation of contaminant plumes from individual sites
may be difficult. The levels of most contaminants in samples from the deeper
waterbearing units were near or below the analytical limits of detection.

Pesticides and herbicides were detected at very low concentrations.

Early in 1984, McClellan AFB contracted McLaren Environmental
Engineering (McLaren) to conduct site characterization investigations at 56
sites within Areas A, B, C, and Other Areas on base. These investigations
included waste, soil, and groundwater testing at 44 of the 46 sites identified
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in CH2M Hill'’s 1981 Phase I report. More than 700 soil borings were drilled;
soil samples collected from the borings were analyzed. In addition, a total
of 86 potential sites that had not yet been investigated were identified

during these investigations.

Following federal and state agency review of the Engineering-Science
Phase II report, the AF initiated the Phase III/IV study for Area D. That
study, completed in February 1985, gathered additional data to define and
quantify site characteristics, evaluate remedial response alternatives, and
ptovide conceptual design for the selected remedial responses. In 1985 and
1986, McLaren conducted Phase III/IV studies in the areas of concern th- were
identified during the on-base Phase I and II studies. Results of the Phase
III/IV studies, including the results of geologic, groundwater, and soil
investigations by area, wera documented in a series of veports and technical

memoranda.

A series of six feasibility studies was conducted in 1985 and 1986
to evaluate source area control measures at specific locations of concern on
base. McLaren and CH2M Hill participated in these studies. McLaren prepared

a final Basewide Source Control Remedial Action Plan (RAP) in December 1986.

In a separate undertaking in May 1984, Radian Corporation prepared a
presurvey report for conducting Phase 11 activities in the off-base areas
around McClellan AFB and in certain on-base areas. The resulting staged
investigations were conducted from 1984 through 1986. They included a wide
range of activities related to the collection, management, and evaluation of

hydrogeologic and analytic data.

In 1984, Radian Corporation began the Phase II Stage 2 study with a
program of reconnaissance borings and an inventory of private wells in the
area surrounding the base. In 1985, the installation and sampling of 47 on-
and off-base monitoring wells, along with further characterization of the

lateral and vertical extent of groundwater contamination, were completed.
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Additional activities included an aquifer test in the southwest portion of the
base, development of a sub-regional groundwater flow model, establishment of a
computerized database, redevelopment of existing monitoring wells on base, and
design of a permanent groundwater monitorin, network. Nine soil vapor wells
also were installed in the vicinity of Area D to det:z. .t vapors within the
vadose (unsaturated) zone. Dedicated sampling systems (pumps) were installed
in 99 on- and off-base monitoring wells included in the groundwater monitoring

network.

The reconnaissance boring program started in 1984 was conducted to
locate areas of groundwater contamination and to provide geological informa-
tion. Data from the reconnaissance borings and results of groundwater sampl-
ing from private wells and existing monitoring wells guided placement of new
monitoring wells on and off base. These wells were installed to determine the
nature and the vertical and horizontal extent of contamination in the ground-
water. Analysis of groundwater samples indicated the presence of contamina-
tion in s:cveral areas nea- the base boundary. One area was located north and
northwest of Area D. A second area of groundwater contamination was located
south of Area B, and a third was located in the vicinity of Santa Ana Street,
west of Area C. In ad ' ‘tion to monitoring well sampling, off-base residential
wells were sampled to determine if groundwater supplies contained vurganic
compounds or metals at concentrations above California Department of Health
Services (DOHS) action levels. As households were supplied with municipal
water in an interim remedial action prograw conducted by the AF between 1985
and 1987, rvesidential well sampling was phased out. However, sampling of

off-base monitoring wells continued.

Area D Interim Remedial Measures

In 1984, CH2M Hill completed site characterization wecrk on Area D to
determine the exact location of former disposal pits, the depth and lateral
~xtent of contamination, and recommendations for a containment system. The
study indicated the presence of contamination to a depth of approximately 150

feet and the lateral movement approximately 300 feet west of Area D. In
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conjunction with this effort, approximately 20,000 cubic yards of contaminated
sludge and related soil were removed from one of the waste disposal sites (Pit
No. 4) and transported to a Class I hazardous waste disposal site near

Benicia, California. The pit was then back-filled with clean soil.

Following the evaluation of various alternatives, the McClellan AFB
IRP Task Force (which included representatives of federal, state, and local
regulatory agencies; the public; elected officials; and the Air Force) recom-
mended a groundwater contamination containment system that included a cap over
Area D and the installation of a groundwater extraction and treatment system.
The cap, composed of layers of clay, compressed soil, a plastic liner, and
natural vegetation, was designed to keep rainwater from percolating into the
subsurface and further mobilizing contaminants. This umbrella effect will
restrict future contaminant migration in the unsaturated zone beneath the

pits. The cap was completed in 1986.

The groundwater extraction system was completed In 1986 and is
composed of six extraction wells screened from 40 to 160 feet below ground
surface. The extracted groundwater is piped to McClellan AFB's Groundwater
Treatment Plant (GWTP), which was completed in 1987. The six wells currently
discharge a total of approximately 100 gallons of water per minute. This
creates a "cone of depression" that limits further migration of contaminated

groundwater from the source.
The Groundwater Treatment Plant uses a variety of treatment methods,
including activated carbon adsorption, air stripping, incineration, and

biological treatment.

The Area C Interim Remedial Measures

In late August 1988, the Area C interim groundwater extraction
system was put into operation. The following section briefly discusses the

groundwater extraction system to provide background on the facility.
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Concern about the effects of the Industrial Wastewater Treatment
Plant (IWTP) and nearby disposal sites have prompted the Air Force to investi-
gate the movement of groundwater contaminated with metals and organic com-
pounds within and downgradient of Area C. The McClellan AFB IWTP is located
in the southern portion of Area C; associated with the plant are the waste-
water blending and aeration ponds. Located beneath and adjacent to the plant
are several confirmed past disposal sites. Past disposal practices resulted
in some of these constituents entering the subsurface and migrating downward
to the groundwater. Contaminants have been detected in groundwater at various
depths from 95 to approximately 220 feet below the ground surface (bgs). The
Air Force has installed an interim groundwater extraction system to intercept
and pump groundwater from beneath and downgradient of Area C. The water will
be pumped to the Groundwater Treatment Plant via an above-ground pipeline
where contaminants will be removed to meet permitted levels (EG&G Idaho,

1987).

The available subsurface information for the area south of Area C
prior to 1988 was not sufficient to define and identify contaminant plumes
downgradient from the IWTP. Information was needed to define the horizontal
and vertical extent of the plumes, to locate wells to monitor migration of
contaminants, to provide data to design an extraction system, to evaluate the
effectiveness of the extraction system, and to determine hydraulic properties

of the area south of Area C (EG&G Idaho, Inc., 1987).

To address the above, 1 extraction well and 11 monitoring wells were
drilled and constructed by EG&G Idaho in the fall of 1987 within and immedi-
ately south of Area C. Two monitoring well sites included three wells, each
in clusters. These wells were screened in shallow, middle, and deep aquifers
as defined by EG&G Idaho (Figure 3-5). Another well site included two wells,
one well screened in the middle aquifer and one well screened in the deep
aquifer. Nine of the wells were completed with 10 feet of 0.020-inch (20
slot) stainless steel wire-wrap well screen. One well was completed with two

10-foot sections of well screen. One well (MW-136) was completed with 15
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feet of 0.010-inch (10 slot) well screen. Monitoring well depths and con-
struction materials for these wells are prcsented in tne rreliminary Ground-
water Operable Unit Remedial Investigation (Hydrogeologic Assessment) Report
(EG&G Idaho, 1987). Three of the monitoring wells (MW-137, MW-140, and
MW-141) were converted to extraction wells. Additional monitoring wells are

needed to monitor groundwater quality and to evaluate the effectiveness of the

extraction system; this need is addressed within this sampling and analysis plan.

Off-Base Well Sampling Program

In 1983, the McClellan AFB Groundwater Task Force established a
quarterly sampling and anlaysis program that involved 240 private wells
located primarily west and south of McClellan AFB. 1Initially, the California
Regional Water Quality Control Board and the Sacramento County Health Depart-
ment conducted this program. The largest number of wells sampled has been in

the neighborhood immediately adjacent to Area D.

During the first phase of this program, 30 wells were sampled
quarterly. Approximately two-thirds of the wells were sampled every quarter;
the remainder of the wells sampled were selected on a quarter-to-quarter basis
by the Task Force. The two-fold goal of this program was to protect public
health and, secondly, to monitor any change in the magnitude and extent of

groundwater contamination.

In June 1985, the Air Force contracted Radian Corporation to sample
domestic wells. The total number of wells sampled each quarter had grown from
approximately 30 in mid-1983 to more than 120 wells. Results from the first
year's quarterly sampling program were used to evaluate the extent of off-base
contamination and as a basis for providing bottled water to owners of contami-

nated wells.

In the spring of 1986, McClellan AFB announced an interim remedi-
ation plan to provide municipal drinking water hook-ups to approximately 550
residences that used private wells for drinking water supplies in the area

west of the base. The area of the hook-ups (the remedial action area) is
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shown in Figure 2-3. The remedial action area contained all known areas of
off-base groundwater couutamination attributed to sources within McClellan AFB.
The remediation plan called for continued monitoring of private wells in the
remedial action area until municipal water hook-ups were in place, at which
time private well sampling ceased. Hook-ups were completed in August 1987,
Sampling of off-base monitoring wells continues on a regular basis as part of

the Groundwater Sampling and Analysis Program.

2.2 Site-Specific Background Information

The Preliminary Groundwater Operable Unit Remedial Investigation
(Hydrogeologic Assessment) is a basewide investigation. Therefore, individual
sites and PRLs on base will not be investigated. However, the findings will
provide a framework in which future detailed investigations of specific sites

may be better planned and implemented.
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3.0 ENVIRONMENTAL SETTING

The following subsections describe the environmental setting at
McClellan Air Force Base (AFB). Section 3.1 presents the physical setting
including physiography and topography. Section 3.2 addresses regional and
local geologic conditions. Section 3.3 addresses surface water and ground-

water hydrology.

3.1 Physical Setting

McClellan AFB is located in northern California, approximately seven
miles northeast of downtown Sacramento (see Figure 3-1). The Sacramento area
is characterized primarily by residential, recreational, agricultural, and
industrial/commercial land use. The principal land uses in the immediate

vicinity of McClellar AFB are light industrial, residential and agricultural.

3.1.1 Physiography

McClellan AFB is located in the Great Valley Geomorphic Province.
This province extends from Red Bluff to Bakersfield, a distance of approxi-
mately 400 miles (California Department of Water Resources, 1974). The Great
Valley Province includes of the Sacramento Valley to the north and the San
Joaquin Valley to the south and averages 40 miles in width (California Depart-
ment of Water Resources, 1974 and 1978). The Great Valley is bordered by the
Sierra Nevada to the east and the Coast Range Mountains to the west, as shown
on Figure 3-2. The Sacramento Valley extends about 150 miles from Red Bluff

to the mouth of the Sacramento River at Suisun Bay.

McClellan AFB is located on the east side of the Sacramento Valley,
on an alluvial plain known as the Victor Plain. The Victor Plain was created
by deposition of sediments eroded from the Sierra Nevada. The Victor Plain
slopes very gently to the west and is dissected by numerous westerly flowing
streams draining the Sierra Nevada (California Department of Water Resources,

1978).
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3.1.2 Topography

McClellan AFB is located near the eastern edge of the Sacramento
Valley, an area characterized by low topographic relief. The land surface at
McClellan AFB slopes very gently to the west. Elevations range from 80 feet
above mean sea level (msl) on the east side of the base to approximately 50
feet above msl on the west side. The major drainages in the vicinity of
McClellan AFB are the Sacramento and American rivers. The source of the
Sacramento River is Shasta Lake in Shasta County. The river receives runoff
from numerous tributaries originating in the Coast Range, the Cascade Range,
and the Sierra Nevada before reaching its junction with the American River
near Sacramento. Major tributaries north of the Sacramento area are the
Feather, Yuba, and Bear rivers. The American River originates in the Sierra
Nevada east of the base. It consists of three forks, that flow westerly and
converge east of Sacramento. The Sacramento River flows approximately 6 miles
west of McClellan AFB. The American River is located approximately 4 miles
south of the base. The location of McClellan AFB relative to the American and

Sacramento rivers is shown in Figure 3-3.

3.2 Geology

The regional and local geologic settings of McClellan AFB are

discussed in the following subsections.

3.2.1 Regional Geology

The Sacramento Valley is a large depositional basin, filled with
thick sedimentary deposits. The sediments were transported from the Sierra
Nevada to the east and the Coast Range Mountains to the west. The valley is a
synclinal trough (basin) with a north-south axis. In some locations, the
basin has been filled with as much as 15,000 feet of Tertiary alluvial sedi-
ments. Very little structural displacement of the sediments has occurred in
the geologic history of this area. Folds in a north-south trend occurring

along the Coast Range-Sacramento Valley boundary are present. On the eastern
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side of the Sacramento Valley, the basement rocks beneath the sedimentary

deposits are contiguous with the rocks exposed in the Sierra Nevada.

The Sacramento Valley has a basement of Paleozoic and Mesozoic
metamorphic and igneous bedrock which is overlain by Cretaceous and Eocene
sandstone and shale of marine origin (California Department of Water Resourc-
es, 1978). These deposits are overlain by late Eocene and post-Eocene depos-
its consisting of sediments of nonmarine and volcanic origin transported and
deposited by fluvial processes. Over 4,000 feet of sediments are estimated to
have been deposited in the valley since the Eocene Epoch (about the last 60
million years). These sedimentary deposits are wedge-shaped, with the great-
est sediment thickness located near the west side of the valley, as shown in
Figure 3-4. The deposits have a regional dip that ranges from 300 feet per
mile near the base of the Sierra Nevada to 5 feet per mile near the center of
the Sacramento Valley (California Department of Water Resources, 1974). Table
3-1 summarizes the geologic formations found in Sacramento County and their

waterbearing characteristics.

The Mehrten Formation of Miocene to Pliocene age represents the
deepest fresh water aquifer in the Sacramento vicinity. The Mehrten Formation
consists of volcanic detritus interbedded with tuff breccia and clays. The
Mehrten Formation may reach thicknesses of about 1200 feet in the Sacramento

Valley (California Department of Water Resources, 1974).

The younger sedimentary deposits that overlie the Mehrten Formation
have been divided into four mappable units (Piper et al., 1939) which are from
youngest to oldest: the Victor Formation, the Arroyo Seco Gravels, and the
Laguna and Fair Oaks formations. Three of these units are present in the
shallow subsurface at McClellan AFB. The Arroyo Seco Gravels have not been

identified beneath the base.
The Victor, Laguna, and Fair Oaks formations were deposited in a

complex fluvial environment. The postulated mechanism for deposition is a

sinuous, meandering stream environment. These streams migrated across the
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area at right angles to the stream flow direction, depositing sandy materials
within a meander belt and finer-grained sediments across a broad flood plain.
The meandering streams alternately deposited, eroded, and redeposited sediment
along ever-changing channel courses. As a result, distinct and continuous
clay, silt, or sand horizons cannot typically be traced for long distances,
either laterally or vertically. These horizons exist, rather, as interfinger-
ing lenses of material interbedded with other discontinuous lenticular depos-
its. Over distances as little as several tens of feet, these interbedded
deposits vary dramatically in texture, porosity, and water transmitting

capabilities,.

Interbedded sands, silts, clays, and channel gravels of the Victor
Formation are present at the ground surface in the vicinity at McClellan AFB.
The beds of the Victor Formation are both laterally and vertically discon-
tinuous due to the intricate structure of the fluvial system in which they
were deposited. Results of investigations conducted in Areas A, B, C, and D
at McClellan AFB indicate that individual stratigraphic units are not later-
ally extensive; however, geophysical well logs allow correlation of strati-
graphic intervals with generally similar lithology. The thickness of the
Victor Formation is estimated to be about 50 feet in the vicinity of McClellan

AFB.

The Victor Formation is underlain by the Fair Oaks Formation. The
sedimentary deposits of the Fair Oaks Formation consist primarily of poorly
bedded sand, silt, and clay, with rare and widely dispersed gravel lenses.
This formation is reported to be characterized by beds of volcanic tuff up to
1 foot thick that have been altered to white clay. The Fair Oaks Formation
dips to the west at approximately 15 feet per mile and may attain thicknesses

greacter than 100 feet in the vicinity of McClellan AFB.
The Fair Oaks Formation interfingers with the contemporaneous Laguna

Formation in the vicinity of McClellan AFB. The Laguna Formation is predomi-

nantly fine-grained, poorly bedded, and moderately compact. The formation is
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heterogeneous with irregular accumulations of silt, sand, clay, and lenticular
gravel beds. The most common deposits are light-gray to yellow-brown clayey
silt to silty fine-grained sand. Clean well-sorted sand occurs most commonly
in relatively thin, laterally variable, beds. Gravel beds are scarce, poorly
sorted, and of relatively low hydraulic conductivity. The sands have been
eroded from granitic rock and contain abundant weathered feldspars, mica, and
quartz grains. Mica particles are locally abundant and serve as a distin-
guishing characteristic for most of the formation. The formation is between
125 and 200 feet thick. The sediments of the Laguna and Fair Oaks formations
are very similar in the vicinity of McClellan AFB. The presence of the white
clay layers in the Fair Oaks Formation may be the primary characteristic
distinguishing it from the Laguna Formation in this area. In the vicinity of
the base, these two formations extend from a depth of about 75 feet to a depth

of approximately 400 feet.

The Mehrten Formation underlies the Fair Oaks and Laguna formations.
During the Pliocene era, material ejected from volcanic vents mantled the
Sierra Nevada with fine-grained deposits. This material was subsequently
eroded and transported to the west and deposited as black- to blue-colored
sands, silts, gravels, and clays of the Mehrten Formation (California Depart-
ment of Water Resources, 1978). The Mehrten Formation consists of an upper
unit of gray to black sand interbedded with blue to brown clay, and a lower
unit of hard, gray volcanic tuff-breccia. The top of the Mehrten Formation is

present below McClellan AFB at a depth of about 400 feet.
Other continental sediments underlie the Mehrten Formation. Sand-
stones and claystones are underlain by deeper marine shales and sandstones,

which rest ultimately on basement igneous or metamorphic rock found at depths

of up to 15,000 feet.

3.2.2 Local Geology

The stratigraphy at McClellan AFB is complex and typical of hetero-
geneous fluvial deposits. Individual lithologic units undergo lateral and
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vertical facies changes over distances as little as several tens of feet.
Lithologies in the fluvial deposits at McClellan AFB include sands, silts,
clays, and rarely, gravels in upward-firning sequences that appear to repeat
through the upper 220 feet of the subsurface deposits. The lithologies range
from clean well-sorted sand, to clayey silty sand, to silty clay. Pure clay
is very rare. Sand bodies grade laterally into silty and clayey sands.
Clean, well-sorted sands may occupy paleochannels, and erosional contacts may
be inferred where well-sorted sands occur horizontally adjacent to silt or
clay. Sediments deposited outside of stream channels also grade laterally

with variations in the proportions of silt and clay.

As part of the planning process for the Preliminary Groundwater
Operable Unit Remedial Investigation (Hydrogeologic Assessment), hydrogeologic
data available from past investigations at McClellan AFB were reviewed. This
review focused on areas on base where data was present that were sufficient to
meet the objectives of the Preliminary Groundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment). A summary of the local geologic
conditions at McClellan AFB based on the review of this information is pre-

sented below.

Subsurface investigations conducted in the past by various con-
tractors have had multiple objectives. These objectives have typically
included characterization of geology, groundwater hydrology, and occurrence
and extent of soil and groundwater contamination. The objective of the
geologic investigation aspects of past studies has been to identify and
correlate stratigraphic units that are significant to the migration of con-
taminants in groundwater. Such correlation has been difficult due primarily

to the lithologic heterogeneity and the wide spacing between boreholes.

However, much is known about the lithologies occurring from surface
to depths of about 220 feet. The upper 100 feet (approximately) is unsatur-
ated and is characterized by fine-grained material. Silty sand is typically
the most permeable material present, and sandy silt, silt, and clayey silt are

common at depths from surface to 100 feet. Below approximately 100 feet,
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permeable sands with minor amounts of interstitial silt or clay are the major
lithologic units present. These sands vary in thickness from several inches
to several tens of feet and are separated by silty sand, silt, and clayey
silt. Where a more permeable sand unit is 10 to 20 or more feet thick, the

possibility of correlating such a unit between boreholes increases.

Since 1980, 195 monitoring wells have been constructed at McClellan
AFB. Contractors who installed these wells have attempted to categorize them
based on the position of the screen intervals relative to correlatable strati-
graphic units and/or elevation. Where stratigraphic correlation was not
possible, previous investigations resulted in the grouping of wells on the
basis of the elevation of their screen intervals. The grouping of wells on
the basis of screen interval elevations was adopted due to the necessity of
interpreting potentiometric and analytical data from borings whose areal
spacing was too wide to correlate stratigraphic units. The grouping of wells
by monitoring zone is a practical approach to data interpretation for zones
which have similar hydrologic characteristics but noncorrelative lithologic
characteristics. Although they are not based strictly on stratigraphy, the
groupings have resulted in "working models" of hydrologic zones that have
gained credibility through the comparison of monthly water-level measurements.
Water levels measured in closely-spaced wells that are screened in different
monitoring zones consistently show differences in hydraulic head between
zones. The differences in head between the wells do not merely reflect
variations in head with depth in the same zone but support the existence of
separate potentiometric surfaces defined by data from a number of wells

screened in the same elevation determined monitoring zone.

Since 1985, a system for identifying groundwater "monitoring zones"
that does not depend on stratigraphic correlation has been used for all areas
of the base. Monitoring zones were identified to more conveniently evaluate
the distribution of groundwater contaminants with depth and produce potentio-
metric surface maps for three elevation intervals within the aquifer system.
These zones were originally defined by United States Air Force Occupational
and Environmental Health Laboratory (AFOEHL) in a 1985 Statement of Work

PGWOURI /033089 /JKS 3-13



— - —

issued to Radian (1986) for the Phase II, Stage 2-2, IRP investigation. The
zone intervals as identified by AFOEHL were based on depth (below ground

surface) intervals.

These three depth intervals were identified as follows:

° Shallow -- “"unconfined aquifer" (90 - 100 feet);
° Middle -- "middle aquifer" (120 - 160 feet); and
. Deep -- "deep aquifer" (160 - 220 feet).

After completion of the Phase II, Stage 2-2, study, the definition
of the zone intervals were modified on elevation instead of depth. These are
the monitoring zones currently used in the Groundwater Sampling and Analysis

Program and are identified as follows:

° Shallow -- above -55 feet msl (mean sea level);
° Middle --  -55 to -100 feet msl;

. Deep "A" -- -100 to -150 feet msl; and

. Deep "B" -- below -150 feet msl.

Four factors influenced the final definition of the four monitoring

zones that are currently used in the Sampling and Analysis Program. These

are:

° The aquifer system consists of multiple waterbearing zones that

may be hydraulically interconnected.

. Surface topography varies across the base and the off-base
study area. The topographic relief across the area is 20 to 30
feet. Therefore, definition of monitoring well zones by depth
below ground surface could result in comparison of data from

zones separated vertically by 20 to 30 feet.
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. Across the McClellan AFB, the 195 monitoring wells constructed
from 1980 to 1988 are screened over a fairly wide elevation
range. Defining monitoring zones by elevation ranges allows a
large number of wells to be grouped within zones that result in

usable potentiometric surface maps.

. A system of monitoring zone designations applicable to the
entirety of McClellan AFB was desirable for basewide

interpretation.

The system of grouping monitoring wells into four elevation zones
has been successful in terms of identifying vertical hydraulic and contaminant
concentration gradients. However, it is recognized that these designations do
not address the continuity of zones and are not based on hydraulic

relationships.

In planning the Preliminary Groundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment) for McClellan AFB geophysical and

lithologic logs were used to target potential zonmes for monitoring wells:

. "Water Table" or "A" zone -- approximately -30 to -60 feet
msl;

° "150-foot" or "B" zone -- approximately -90 to -130 feet msl;

. "200-foot" or "C" zone -- approximately -135 to -175 feet msl;
and

. "300-foot" or "D" zone -- approximately -220 to -250 feet msl.

These zones are used in this plan to designate approximate depths for well
construction. The "A", "B", "C", and "D" designations are used to designate
the respective zones on Plate 5. Table 3-2 compares the previous monitoring

zone designations with the ABGOURI geohydrologic zones.

As part of the planning process for the Preliminary Groundwater

Operable Unit Remedial Investigation (Hydrogeologic Assessment), geologic data
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TABLE 3-2.

COMPARISON OF MONITORING AND PRELIMINARY GROUNDWATER OPERABLE UNIT
REMEDIAL INVESTIGATION ZONE DESIGNATIONS

Sampling and Analysis

Program
1986-1988

Groundwater Zone Designations

Sampling and Analysis
Program
1989

Preliminary Groundwater
Operable Unit
Remedial Investigation

Shallow Zone
Above -55 feet msl

Shallow Zone
Above -55 feet msl

Middle Zone
-55 to -100 feet msl

Middle Zone
-55 feet to 100 feet msl

Deep Zone
Below -100 feet msl

Deep A Zone
-100 to -150 feet msl

Deep B Zone
Below -150 feet msl

"Water table or "A" zone
Water table to
-60 feet msl

"150 foot" or "B" zone
-90 feet to -130 feet msl

"200-foot" or "C" zone
-135 to -175 feet msl

"300-foot"™ or "D" zone
-220 to -250 feet msl

msl = mean sea level

D-5,/082589 /hmm
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available from all past IRP investigations was evaluated to determine if
stratigraphic units could be identified and correlated over long distances.
Available geologic data consists solely of lithologic and geophysical logs.
Initially, emphasis was placed on evaluating lithologic logs and correlating
the lithologies observed. Numerous cross sections and sand/silt ratio maps
(net sand maps) were attempted for various depth or elevation intervals to
identify major pathways through which groundwater and contaminants would

migrate most readily.

Stratigraphic correlation over long distances (several thousand feet
or more) is not possible using the existing lithologic data. The lack of
lateral lithologic homogeneity is the major deterrent to stratigraphic corre-
lation over long distances. The scarcity of boreholes with adequate litho-
logic descriptions in some areas, for example, the center of the base, pre-
cludes the possibility of correlation from east to west in any waterbearing
zone. Lithologic correlation of units below 220 feet is impeded by the small

number of lithologic logs available.

Geophysical borehole logs were evaluated to supplement lithologic
logs in making stratigraphic correlations. Resistivity and spontaneous
potential logs for 76 boreholes ranging up to 700 feet deep were evaluated.
These logs included those for 11 monitoring wells recently installed in Area C
by EG&G Idaho, Inc. (1987). Several of the EG& Idaho monitoring wells are
thie deepest yet luscaitea on ot off base. Based on the new borehole geo-
physics data acquired from these new Area C wells, EG&G Idaho was able to
correlate three distinct zones of relatively higher permeability beneath Area
C between depths of approximately 90 and 250 feet. The zones are separated by
lithologies of lower permeability although it is noteworthy that there are
monitoring wells screened within these zones of lower permeability. Figure
3-5 presents a simplified comparison of the monitoring depths in Area C
identified by EG&G Idaho with the zone designations proposed in this plan
(EG&G Idaho, 1987). Other resistivity and spontaneous potential logs were
evaluated by Radian geologists to determine if the three zones identified by

EG&G 1daho in Area C appear to be laterally extensive.
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The evaluation of all available on-base resistivity and spontaneous
potential logs by Radian geologists indicate that the three stratigraphic
zones identified by EG&G Idaho, Inc. do appear to extend laterally across the
base. In addition, a deeper zone has been tentatively identified at a depth
of approximately 300 feet. This deeper zone appears to be separated from the

three zones present above a depth of 250 feet by a low permeability aquitard.

For purposes of planning the assessment, these four =zones are
identified by their approximate depths below ground surface. The zones are
illustrated in cross section J-J’ on Plate 1 and depict the vertical position
of the zones as interpreted on the basis of borehole resistivity and spontan-

eous potential data. The four zones are described as follows:

. The "water table" zone--present at variable depth due to
topographic and local geologic conditions, this zone occurs at
a depth of approximately 90 to 120 feet (approximately -30 to
-60 feet msl). The interval for the "water table" zone can be
expected to change over a period of years as the regional water

table continues to decline under sustained groundwater pumping.

) The "150-foot" zone--is characterized as a relatively permeable
20- to 40-foot-thick strata chat appears to extend basewide.

This zone occurs at approximately -90 to -130 feet msl.

. The "200-foot" zone--is characterized as a relatively permeable
10- to 30-foot-thick strata that appears to extend basewide.

This zone occurs at approximately -135 to -175 feet msl.

. The "300-foot" zone--is characterized as a relatively permeable
30-foot-thick strata that appears to extend basewide. This

zone occurs at approximately -220 to -250 feet msl.

The above-referenced four zones appear to be the most laterally

extensive stratigrahic units of high permeability that can be identified from

v
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existing data. The findings of previous investigations at the base must be
considered, however, when evaluating the significance of the four zones. The
heterogeneous nature of the stratigraphy as evidenced by lithologic and
geophysical logs for numerous boreholes indicate that these four zones are
likely to include interbeds of less permeable strata such as silt and clay.
Similarily, the less permeable sediments separating the zones are likely to
include interbeds of permeable material such as clean sand. These zones,
combined with other intervening permeable units that may not be ‘as laterally
extensive, are multiple waterbearing strata within a single groundwater flow

system.

Evidence for one groundwater flow system with hydraulic communica-
tion between the upper three zones is found in the potentiometric and analyti-
cal data collected in the McClellan AFB Groundwater Sampling and Analysis
Program (1986 to the present). Potentiometric data from the program indicate
similar groundwater flow directions, horizontal gradients, and small vertical
gradients in the first three zones. Analytical data indicate that contami-
nants have moved vertically from the shallow zone (approximately 90 feet below
ground surface) to the middle and deep zones (approximately 245 feet below

ground surface) in several areas of the base.

As shown in Plate 1, there is a 20- to 60-foot-thick low permeabil-
ity unit that occurs at a depth of approximately 250 feet. This unit poten-
tially underlies most or all of the base. Based on interpretation of the
resistivity and spontaneous potential logs, this zone consists predominantly
of clays and silts. 1In some locations, these clays and silts appear to be
interbedded with fine-grained sand or sandy silts. Since this stratum appears
to be generally finer-grained than overlying and underlying strata, it may
represent a significant aquitard. An aquitard {s a deposit or layer of low
permeability that can store groundwater and also transmit water slowly from

adjacent waterbearing zones.
Plate 1 suggests that the aquitard, depicted in the resistivity and
spontaneous logs for BW-29, is 50 feet thick in the northeastern portion of

the base. Logs from wells located to the southwest of BW-29 have a similar
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geophysical signature suggesting correlation from the northeast to the south-
west portions of the base. South of BW-29 in the southeastern portion of the
base, the aquitard appears to decrease in thickness from 50 to 20 feet and

become increasingly interbedded with sandy strata.

3.3 Hydrology

Surface water and groundwater in the vicinity of McClellan AFB are
discussed in the following subsections. Local use of the groundwater resource

is also discussed.

3.3.1 Surface Water

Surface water in the Sacramento Valley originates in the Cascade and
Sierra Nevada to the north and east, and from the east side of the Coast Range
to the west. The Sacramento and American rivers are the major drainages in
the vicinity of McClellan AFB. The drainage patterns of these rivers are

described in Section 3.1.2.

Surface water drainage in the vicinity of the base occurs predomi-
nantly through Magpie, Second (Don Julio), Rio Linda (Robla), and Arcade
creeks, as shown in Figure 3-6. Magpie Creek enters the base from the east
and is joined by several small tributaries before leaving the base to the
west. These on-base drainages have been modified by construction of a series
of storm drains and channels across the base. Runoff from streets and runways
is directed into the storm drainage system, and exits the base via Magpie
Creek.

Dry Creek (not shown in Figure 3-6) is located approximately two
miles northwest of the base. Arcade Creek is located just south of the base.
Magpie, Dry, and Arcade creeks flow into the Natomas East Drainage Canal west
of the base. The canal flows south and west until it discharges into the
American River, just east of the confluence of the American and Sacramento

rivers.
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Water quality in the on-base creeks is generally good and is in
compliance with NPDES (National Pollutant Discharge Elimination System)
discharge criteria (CH2M Hill, 1981). Du. to the dry climate of the region,
several of the creeks (particularly Arcade Crz2ek and Don Julio Creek) have
periods of little or no flow. During extremely dry pc.-iods, the flow in
Magpie Creek 1is almost totally comprised of irrigation return flow from

upstream of McClellan AFR and discharge from the Groundwater Treatment Plant.

A study of Magpie Creek was conducted by the AF (1973). This study
indicated that the quality of stream water improved from the time it enters
*he basc to the time it exits the base, based on observations of the benthic
macroinvertebrate community. In addition, during the study period, the
measured concentrations of all constituents regulated by the California PWQCB
(measured at the point where Magpie Creek exits the base) were within the
RWQCB established limits. The City of Sacramento is currently conducting an

Environmental Assessment of Magpie Creek.

3.3.2 Groundwater

Groundwater hydrology, aquifer characteristics, background water

quality, and local groundwater use are discussed in the tollowing subsections.

3.3.2.1 Groundwater Hydrology

The occurience and movement of groundwater, and aquifer parameters

are discuszad below.

Regional Groundwater Hydrology

In the Sacramentc region, groundwater occurs primarily in the Fair
Oaks, Laguna, and Mehrten formations. The stratigraphic relationship among
these wunits is shown in Table 3-1. Groundwater recharge in the eastern
portion of the Sacramento Valley occurs as a result of infiltration from

streams and rivers, rainfall and irrigation waters, and stream runoff from the
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fonthills of the Sierra Nevada. The uppermost waterbearing =zone in the
Sacramento Valley is recharged by underflow and through percolation of water
from the ground surface. Groundwater in the deeper waterbearing zones origi-
nates in recharge areas in the Sierra Nevada foothills east of McClellan AFB.

Groundwater discharge in the Sacramento Valley occurs predominantly through

pumping.

Where saturated, the Victor Formation has only moderate hydraulic
conductivity and generally yields little water to wells unless stream channel
deposits are penetrated. The Fair Oaks and Laguna formations have generally
low to moderate hydraulic conductivity except where coarse-grained channel
deposits are present. In these coarse-grained deposits, well yields may reach
3,500 gallons per minute (gpm) with drawdowns of approximately 30 feet,
resulting in a specific capacity of about 120 gpm per foot (gpm/ft) of draw-
down (California Department of Water Resources, 1974). The black sands of the
Mehrten Formation generally demonstrate a specil{ic capacity of approximately
45 gpm/ft. Specific capacities as high as 100 gpm/ft, however, have been
noted in the Mehrten Formation (California Department of Water Resources,
1974). Specific capacity is the value of volume discharge per unit time from
a pumped well divided by drawdown in the well measured at one time after
pumping was started. There is no simple relationship between specific capaci-
ty and hydraulic conductivity because the characteristics of the well and the
aquifer determine specific capacity. In general, waterbearing zones with

greater hydraulic conductivity will have greater specific capacities.

During the early 1900s, groundwater in the vicinity of McClellan AFB
moved from northeast to southwest (Figure 3-7) in response to the natural
hydraulic gradient from areas of recharge in the northeast to areas of dis-
charge in the southwest. Since the turn of the century, the extraction of
groundwater for irrigation, industrial, municipal, and domestic wuse has
dramatically altered groundwater levels and gradients in the Sacramento area.
By 1960, pumping of groundwater had increased such that the rate of withdrawal
began to exceed the rate of recharge, and groundwater levels began to decline.

Under these conditions, local water table gradients changed in direction and
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magnitude, and local groundwater depressions began to develop in areas of
maximum withdrawal. At this time, a major regional pumping depression,
approximately centered under McClellan AFB, is shown in Figure 3-8. This
depression has resulted in a change in the area groundwater flow direction

such that flow is now generally to the south, as shown in Figure 3-9.

Local Groundwater Hydrology

The aquifer beneath McClellan AFB is comprised of a succession of
relatively permeable sandy deposits interbedded with relatively less permeable
deposits of silt and silty clay. Most investigations of the hydrostratigraphy
and groundwater hydrology at the base have been limited to the upper 220 feet.
The water table occurs 80 to 110 feet below surface, and seasonal fluctuations
of up to 5 feer on the surface are common. The waterbearing strata below a
depth of approximately 120 feet are generally semi-confined and believed to be
interconnected with the unconfined zone due to the heterogeneous nature of the
local sedimentary deposits and the absence of a laterally extensive, very low
permeability, confining zone. Lateral discontinuity and facies changes within
the semi-confining layers allow for vertical groundwater movement between the

various waterbearing zones.

In the vicinity of McClellan AFB, monitoring wells have been instal-
led to measure groundwater levels and determine groundwater local flow pat-
terns. Currently, there is a network of monitoring wells in which groundwater
levels are measured quarterly as part of the Groundwater Sampling and Analysis
Program. Each monitoring well has been grouped into one of the four monitor-
ing zones as described in Section 3.3.1. The groundwater-level measurements
are used to produce potentiometric surface maps for the monitoring zones
except the deep "B" zone. The potentiometric surface maps for April 1988
(Plates 2 through 4) show local deviations from the regional flow pattern as
well as graphically detailing those areas for which groundwater-level data is
deficient. Deviations from the regional flow pattern are caused by the
operation of extraction wells, on-base water supply wells, and off-base water

supply wells.
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In Area A and Adjacent On-Base Areas (see Figure 2-2), and in the
off-base Southeast Area, groundwater flow cannot be clearly defined from the
three potentiometric surface maps. In the shallow and middle monitoring
zones, groundwater flow appears to be toward the west-southwest. The effects
of base wells BW-10 and BW-13 on the flow pattern cannot be distinguished
because there are few monitoring wells near these active production wells. In
the off-base Southeast Area the localized effects of off-base water supply

wells are also not apparent due to the lack of monitoring wells.

In Area B and Adjacent On-Base Areas, and in the off-base Southwest
Area, the potentiometric surface map for the middle monitoring zone indicates
converging flow toward BW-18. Groundwater flow may also be influenced by
pumping of off-base water supply wells as evidenced by a possible trough on
the shallow and deep potentiometric surface maps. The areal extent of the
influence of any of the water supply wells in this area cannot be determined

from the limited data points (i.e., monitoring wells) in this area.

In Area C and the off-base West Area, groundwater flow in all three
monitoring zones appears to be to the south-southwest. In the southern
portion of Area C, there is better hydrologic control. However, there are
fewer data points at the northern end of Area C. Horizontal gradients in this
area are typical of those found in most areas of the base, but are expected to

change once the extraction system in Area C is started.

In Area D and in the off-base Northwest Area, the effect of the Area
D extraction system is readily apparent on all three potentiometric surface
maps. The potentiometric surfaces indicate that groundwater in all three
monitoring zones beneath Area D flows toward the six extraction wells. The
direction of groundwater flow in the Northwest Area of the base is not obvious

due to the lack of monitoring wells,

On the east side of the base, including the off-base Northeast Area,
localized flow directions cannot be determined due to the lack of monitoring
wells. The lack of data can be seen on all three potentiometric sur’ ice maps

and especially on the deep monitoring zone map. The hydrologic influence of
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base wells BW-10 and BW-29 is not evident on the potentiometric surface maps.
Off-base water supply wells along Watt Avenue may also be affecting flow
patterns in the east area of the base but this cannot be determined from the

existing data.

At present, the annual mean water level is declining as a result of
groundwater extraction for private, public, and industrial purposes. Through-
out the region, the water levels have declined a total of 26 to 52 feet,
depending on location, for the period of 1955 to 1985, or 0.9 to 1.7 feet per
year (Radian, 1986b). Groundwater levels are expected to continue declining

in future years due to use of the local groundwater resource.

Hydraulic Parameters of Waterbearing Zones

Several types of aquifer testing procedures have been used to
determine the hydraulic properties of the aquifer system in the McClellan AFB
study area. These tests have focused on the shallow, middle, and deep moni-
toring zones (as defined on page 3-14). Multiple and single well tests have
been conducted in on- and off-base locations as shown in Figure 3-10. Multi-
ple well tests in which one well is pumped and other wells are used to observe
drawdown have been conducted in Areas C and D. Single well tests have been
conducted in Area A and in various monitoring wells on and off base. A

summary of the test results is presented in Table 3-3.

Radian conducted two large-scale aquifer tests at one site located
between Area C and Area B. The two tests were completed using two different
pumping wells and several observation wells (Radian, 1987). A well screened
in the middle monitoring zone was pumped for 55 hours at 66 gpm. For the
other test, a deep monitoring zone well was pumped for 71 hours at 73 gpm.
The observed drawdown data was analyzed using the Walton (1962) type curve
method for a semi-confined leaky aquifer and unsteady flow. The average
transmissivity (T) values calculated using this analysis were 8,000 gpd/ft for
the middle monitoring zone and 12,000 gpd/ft for the deep monitoring zomne.
The average hydraulic conductivity (K) values were 270 and 390 gpd/ft2 for the
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middle and deep monitoring zones, respectively. The average storativity
values (S) calculated were 3 x 10-4 and 1.6 x 10’4 for the middle and deep

monitoring zones, respectively.

No water-level changes were observed in the shallow monitoring zomne
during either test, indicating that the shallow zone was not stressed by this
pumping rate of the middle or deep monitoring zones. Water-level data in the
middle and deep zones from both aquifer tests did indicate that the middle and
deep zone are hydraulically connected. Both middle and deep monitoring zones
showed the same daily water-level fluctuations during monitoring of "static"
water levels before and after pump tests. The similarity of the water-level
responses suggest that some degree of hydraulic connection may exist. The
shallow zone did not show the same daily water-level fluctuations as measured

in the middle and deep monitoring zones.

Engineering-Science attempted to quantify the hydraulic parameters
of the shallow monitoring zone in Area C by pumping MW-44 and measuring
drawdown in two adjacent observation wells. However, this test was partially
unsuccessful in that no significant drawdown was observed in the observaton
wells and transmissivity and hydraulic conductivity were calculated using only

recovery data from MW-44 after pumping ceased (Engineering-Science, 1983).

McLaren Environmental Engineering conducted a 30-day pump test in
Area D to provide information which could be used to finalize the design of
the Aitea D extraction system. This test was designed to verify the perform-
ance of the proposed extraction system as projected by previous modeling.
Extraction well EW-73, which is screened across multiple waterbearing zones,
was pumped and drawdown was measured in a number of adjacent monitoring wells
screened at discrete intervals in the shallow, middle, and deep monitoring
zones. Drawdown data from shallow and middle monitoring zone wells were
analyzed using Boulton's method (1963) to derive an average transmissivity

value,

CH2M Hill conducted two aquifer tests in Area D to measure trans-

missivity and to determine the presence of barriers to groundwater flow
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between aquifers. Monitoring well MW-33, screened in the middle zone was
pumped for 25 hours at 15 gpm. For the other aquifer test, monitoring well
MW-56, screened in the shallow zone, was pumped for 9 hours at 15 gpm.
Resultant drawdown data was analyzed by three different methods. These
methods inc'uded the Cooper and Jacob (1946) straightline (semi-log) method,
Theis modified recovery method and Hantush and Jacob (1955) curve-matching
method. An "average" transmissivity value of 21,000 gpd/ft was determined
from the results of all three analyses. This T value was used to determine an
appropriate drawdown to be produced from the proposed extraction system.
Based on pumping of EW-73 which is screened across multiple waterbearing zones
and drawdown data from monitoring wells screened in discrete zones a transmis-
sivity value for layer 2 was determined. The Cooper and Jacob (1946) straight
line (semi-log) method is based on conditions of small radial distances
between the pumped well and the monitoring well or a long pumping time. CH2M

Hill reported an average transmissivity value of 21,000 gpd/ft.

EG&G Idaho, Inc. recently conducted pumping tests in all wells they
installed in Area C in 1987. A submersible pump was installed in all wells
and each well was pumped for eight hours. Pumping rates ranged from 1.3 gpm
to 28 gpm. The specific capacity for each well was calculated and used to
estimate transmissivity. A distance-drawdown analysis was used to calculate
hydraulic parameters using drawdown data from wells not necessarily screened
in the same waterbearing zone as the pumping well, even though EG& Idaho
recognized that the aquifer system is composed of multiple leaky waterbearing
zones. However, they estimated a transmissivity value of 2,500 gpd/ft and a
storativity value of 5 x 10_4 for the middle "aquifer" as defined in their
investigation. Based on the thickness of this waterbearing unit, the hydrau-

lic conductivity should be approximately 83 gpd/ftz.

McLaren Environmental Engineering conducted two aquifer tests in
Area A. However, drawdowns were only observed in the pumped wells (MW-71 and
MW-69). Analysis of the drawdown data was made using the Papadopulos and

Cooper Method (1967) that addresses the effect of well storage on drawdown.
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Both MW-71 and MW-69 are screened in the middle monitoring zone. The trans-
missivity values calculated for MW-69 and from MW-71 are 1,900 gpd/ft and
1,200 gpd/ft, respectively. The corresponding hydraulic conductivity values
for the waterbearing zones screened by monitoring wells MW-69 and MW-71 are 97

gpd/ft2 and 120 gpd/ftz, respectively.

Radian has also used drawdown data collected during development of
single wells located in a number of areas to calculate transmissivity values.
Drawdown was measured during development by pumping in 28 new monitoring wells
installed in Phase II, Stages 2-4 and 2-5. Transmissivities were calculated
as described by Walton (1962) using specific capacity data for each well.
Transmissivity values for the 28 new wells range from 550 to greater than
30,000 gpd/ft with corresponding hydraulic conductivity values ranging from 41
to 1,100 gpd/fcz. Mean hydraulic conductivities for the shallow, middle, and
deep monitoring zones are 380, 380, and 500 gpd/ftz, respectively.

Transmissivities were also calculated by Radian for 12 existing
monitoring wells that were redeveloped in 1986, most of which were located in
Area D. Pumping rates ranged from 0.9 to 15.0 gpm and all wells were pumped
for 60 minutes. The Cooper-Popadapulos method was used to analyze the data.
Calculated values for transmissivity for the 12 redeveloped monitoring wells
ranged from 2,300 to 118,600 gpd/ft. The average transmissivity values
calculated were 9,450 gpd/ft for the shallow zone, 19,160 gpd/ft for the
middle monitoring zone, and 56,580 gpd/ft for the deep monitoring zone. For
the six wells in which the thickness of the waterbearing zones was known,

calculated hydraulic conductivity values range from 300 to 3,300 gpd/ftz.

A wide range of transmissivity values have been determined by Radian
and other contractors in different areas of the base. Table 3-3 presents the
ranges of transmissivity values determined by Radian and other contractors.
Because these aquifer tests and the methods us2d to analyze the data are so
varied, comparisons between the data cannot be made. Conclusions as to what
are "real" transmissivity values cannot be made because of the varied test

methodology and the heterogeneity of the aquifer system. Most results do seem
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reasonable and are within an order of magnitude which indicates that the
various methods are useful for estimating transmissivity of the McClellan AFB

aquifer system.

Hydraulic Parameters of Aquitards

The aquifer system beneath McClellan AFB includes low permeability
layers that act as aquitards. Most of the field investigations conducted to
date have focused on characterizing the permeable strata, although aquifer
tests by Radian, CH2M Hill, and McLaren have indicated hydraulic connection
via the less permeable layers. Aquifer testing conducted by Radian and CH2M
Hill also indirectly investigated vertical hydraulic conductivity of the

aquitard.

Using the curve matching r/B solution of Hantush and Jacob (1955),
Radian calculated an average vertical hydraulic conductivity of 0.68 gpd/ft2
for the aquitards at the Radian aquifer test site based on data acquired while
pumping a well screened in the middle monitoring zone. An average vertical
hydraulic conductivity of 0.36 gpd/ft2 was calculated from the data acquired
while pumping a well screened in the deep zone. These are apparent vertical
conductivities because this metiiod cannot distinguish between leakage coming
from below or above the pumped aquifer. The r/B method also assumes that
storativity of the aquitard is negligible and that the total head in unpumped
waterbearing zones is constant over time. Thus this method tend. to overesti-

mate the transmissivity of the pumped aquifer.

CH2M Hill calculated leakance which is the ratio of apparent verti-
cal conductivity to the saturated thickness of the aquitard. The method used
to calculate leakance was not discussed in the CH2M Hill report (CH2M HIll,
1987) but is presumably the r/B solution or a later solution developed by
Hantush (beta solution). Both methods rely on type curve matching and draw-
down observed in the pumped aquifer only. Leakage from above and below cannot

be quantified by either method.
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3.3.2.2 Groundwater Quality

This .zction discusses natural groundwater quaiity of McClellan AFB
and also presents an overview of groundwater contamination problems in speci-

fic areas of the base and adjacent off-base areas.

Natural Groundwater Quality

Groundwater quality in the area of the base is naturally excellent
for irrigation and domestic uses. The groundwater is characterized as a
calcium-sodium bicarbonate type. In Sacramento County, the fresh groundwater
zone ranges in thickness from several hundred feet near the eastern portion of
th: county, to an estimated 2,000 feet near the Sacramento River. The fresh
water zone at McClellan AFYB is approximately 1,385 feet thick (CH2M Hill,
1981).

Groundwateyr Contamination

Analyses of groundwater samples from the designated areas on base
(Areas A, B, C, D, and "Other Areas") have indicated the presence of a variety
of contaminants. Maximum levels of manv compounds, especially chlorinated
solverts, are near or above the California Department of Health Services (DHS)
action levels or U.S. EPA Drinking Water Standards. Maximum concentrations of
chlorinated solvents measured in Areas C and D have been generally higher than
those measured in the other areas. Volatile organic compounds, especially
chlorinated solvents, have been repeatedly measured in a large percentage of
the on-base monitoring wells. Metals and base/neutral and acid extractable
organic compounds have been measured frequently in certain on-base mounitoring
wells, but the areal distribution of these contaminants is less extensive than
that for volatile organic compounds. Pesticides and herbicides have been

detected in low concentrations in all of the on-base areas.
There are currently 126 monitoring wells sampled on a quarter’y

basis for various groundwater quality parameters. There are several wells

that have been sampled in the past but are no longer sampled and for which a
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limited set of water quality data exists. The 126 wells currently being
sampled are not uniformly distributed across the McClellan AFB study area, but
are clustered primarily in and around Area D and the south end of Area C.
Areas A and B, and Adjacent On-Base Areas, do include some monitoring wells
but not enough to determine the horizontal and vertical extent of contamina-

tion.

Contaminants have been detected historically in water supply wells
located on and off base. 1In 1979, water quality sampling of four base produc-
tion wells detected trichloroethene (TCE) in base water supply well BW-18
located at the southern portion of the base in Area B, and trace concentra-
tions of volatile organic compounds in BW-28 located northeast of Area D. In
a subsequent monitoring program, TCE was found in BW-1, BW-2, and BW-12 north
of Area A, and in BW-28 located northeast of Area D. Trichloroethene has been
detected in samples from off-base residential wells located southwest of Area
B and west of Area D. Other contaminants such as tetrachloroethane, 1,2-
dichloroethene, 1,2-dichlorocethene, and 1,1-dichloroethene have been detected

at concentrations above state and federal standards.

The subsections below present, by area, past water quality informa-
tion. The focus of the discussions is on TCE becaure this compound has been
most frequently and most consistently detected in on- and off-base wells.
Tables and maps presenting the historic magnitude and extent of TCE in ground-
water accompany these subsections. The tables also identify various other

compounds detected over time in those wells.

Area A and Adjacent On-Base Areas and the Southeast Area--In Area A

and Adjacent On-Base Areas, there are few monitoring wells in the existing
sampling network. These include MW-27D, MW-67, MW-68, and MW-69. In the
off-base Southeast Area there is one cluster of monitoring wells that includes
three wells. One shallow zone monitoring well and one middie zone monitoring

well are also located adjacent to the southeast boundary of the base.
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As shown in Figures 3-11 and 3-12, TCE has been detected in monitor-
ing wells screened in the shallow and middle monitoring zone. (There are no
monitoring wells screened in the deep zone in Area A.) Table A-1, presented
in Appendix A, lists all monitoring wells in Area A and the Southeast Area and
the compounds detected in those wells Trichloroethene has been found in
seven on-base shallow zone monitoring wells in Area A, four of which are now
dry. The seven shallow monitoring zone wells are MW-8, MW-9, MW-25S, MW-25D,
MW-26S, MW-27S, and MW-40S. Trichloroethene has not been detected in the
off-base shallow zone monitoring wells MW-28S, MW-1014, and MW-1037. Of the
seven middle zone monitoring wells, TCE has been detected in five including
two off-base wells. The five middle monitoring zone wells include MW-26D,
MW-27D, MW-69, MW-28D, and MW-1038. The one deep zone monitoring well present

is MW-1039, located off base. No contaminants have been detected in MW-1039.

Area B _and Adjacent On-Base Areas and the Southwest Area--In Area B

and Adjacent On-Base Areas and the Southwest Area, the pumping of BW-18
influences local groundwater flow and the movement of contaminants. The
extent of this influence on horizontal and vertical groundwater flow and
contaminant migration has not been determined. Contaminants have been de-
tected in BW-18; a wellhead water treatment unit consisting of carbon filters

has been installed to treat water from this well.

The extent of historically detected TCE in each monitoring zone is
shown in Figures 3-11, 3-12, and 3-13. Various levels of TCE have been
detected in monitoring wells in Area B and in the Southwest Area. Table A-2,
presented in Appendix A, lists all the monitoring wells in these areas and the
concentrations of all halocarbons detected. HNine of the 16 shallow monitoring
zone wells have contained TCE. The nine shallow monitoring zone wells include
MW-6, MW-7, MW-235, MW-41S, MW-425, MW-65, MW-120, MW-1020, and MW-1021. One
well is now dry (MW-42S); two wells (MW-1020 and MW-1021) are located in the
off-base Southwest Area. There are eight middle monitoring zone wells and TCE
has been detected in three of these wells (MW-121, MW-1000, and MW-1022).
There are five deep monitoring zone wells. Trichloroethene has been detected

in two of these deep monitoring zone wells (MW-63 and MW-132).
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FIGURE 3-12.

EXTENT OF HISTORICAL MAXIMUM
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OF AREAS A AND B AND
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Area C_and Adjacent On-Base Areas and the West Area--As shown in
Figures 3-14, 3-15, and 3-16, TCE has been detected in monitoring wells

screened in the shallow, middle, and deep monitoring zones. Trichloroethene
has been detected in 13 of 27 shallow monitoring zone wells, three of eight
middle zone wells, and six of 13 deep zone wells. Currently, six of the
shallow zone monitoring wells are dry. Table A-3, presented in Appendix A,
lists the monitoring wells in Area C and the concentrations of compounds

detected in these wells.

Area D and Adjacent On-Base Areas and the Northwest Area--In Area D

and Adjacent On-Base Areas, TCE has been detected in 14 of 23 shallow zone
monitoring wells, 9 of 17 middle zone monitoring wells, and 2 of 11 deep zone
monitoring wells. Based on analysis of all monitoring wells in the off-base
Northwest Area, most of the contaminants appear to be confined to the shallow
monitoring zone. As shown in Figure 3-17, TCE has been detected in 13 moni-
toring wells both on and off base. The on-base wells include MW-10, MW-11,
MW-12, MW-14, MW-15, MW-91, and MW-92. The off-base wells include MW-1002,
MW-1004. MW-1005. MW-1019, MW-1029, and MW-1041. Figures 3-18 and 3-19
present the extent of TCE detected in the middle and deep monitoring zones,
respectively. Trichloroethene has been detected in middle zone wells MW-52,
MW-53, MW-54, MW-55, MW-57, MW-70, MW-72, and MW-1042, and in deep zone wells
MW-58 and MW-59. Table A-4, presented in Appendix A, lists all monitoring
wells in Area D and the off-base Northwest Area, and the concentrations of
compounds detected in these monitoring wells. Compounds other than TCE that
have been detected above the DHS action levels include 1,l-dichloroethene,

total-1l,2-dichloroethene, 1,1-dichloroethane, and 1,2-dichloroethane.

Other On-Base Areas and the Northeast Area--Most of the known

storage and disposal sites are located near the designated on-base Areas A, B,
C, and D. In the northeast portion of the base, TCE has been detected in one
location (MW-29S and MW-29D) as shown in Figure 3-20. No halocarbon compounds
of interest have been detected in the other eight monitoring wells in the
Other On-Base Areas and the off-base Northeast Areas shown in Table A-S,

presented in Appendix A.
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FIGURE 3-14.
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FIGURE 3-15.
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/ FIGURE 3-18.
EXTENT OF HISTORICAL MAXIMUM
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FIGURE 3-19.
EXTENT OF HISTORICAL MAXIMUM
DETECTED CONCENTRATIONS OF TCE
IN DEEP MONIOTIRNG ZONE
OF AREA D & ADJACENT ON-BASE AREAS,
AND THE NORTHWEST AREA

-y~

McCLELLAN AFB
Rl Stage 6, February, 1990

3 McCLELLAN
AFB

LEGEND:

nme—— MCcCLELLAN AFB BOUNDARY

"""  STREAMS
e—
BOUNDARIES OF PAST DISPOSAL/
RRER STORAGE SITES

O MONITORING WELLS:

*

INDICATES WELL S DRY OR
SELECTED FOR ABANDONMENT

MAXIMUM CONCENTRATION OF TCE (ug/l)

YEAR SAMPLED & ANALYZED

- ~—-3018s.0

TCE NOT DETECTED

= APPROXIMATE EXTENT OF TCE
— DETECTED IN MONITORING WELLS

BASE PRODUCTION WELLS:
@ ACTIVE WATER SUPPLY WELL
L INACTIVE AT PRESENT

-¢ MUNICIPAL WATER SUPPLY WELLS:
cw CITY OF SACRAMENTO
NwW NORTHRIDGE WATER DISTRICT
RW RIO LINDA
ARCADE WATER DISTRICT

AW

i IRRIGATION WELLS:

cT CALTRANS

ﬂ EXTRACTION WELLS

500 1000

SCALE IN FEET

CORPORATION




-

|

] McCLELL
AFB

_

178.0
. : = o
- > ” -
T e = @
— =z ~
z{}«un N & ~
1 ST.
//
r’g§
NORTHWEST §
G ST. AREA i
)
b1008
~_ £ ST. 1010 /
1041 §104d UNNRMED | oygeRM ~J
< 1042 1608 I S 10
7
>—\ IOOIJ;DC 7 3 108
ue/ 1008
C ST7T.
1004 @
1001
091 01§5.0
0106 ‘&n
]
?
108 0'2907 /_.//
85
/ 4
5
5
—= .
s -3
M — —~ = II g
AN N
110 l\— /




24TH ST,

©173.0

26TH ST.

) McCLELLAN
} AFB

2

)

y

:A gy
! <

Xy
| J
s <
_ Vv
Smfa\nz B\f —

1026

\LOIBS.D

S

AN
1)
N\ ho1z—np
ANSS ‘“\\
\\ UNNRMED STRERNM
- ~N] o ~—
[7a) ~
2 NORTHEAST
™ AREA
] ST.
NDJﬁwz 01040 — ND
ND '
L -
I
—
L
[12]
—_— —— _f" -_—
L
=20 E ST.
100—— ND
ND —ZE
ND ~—3F 23 My
5—np
OTHER ~
ON-BASE =
AREAS 2
ND —— 285 T
©20p— 10
{82)
ND
4
W
[




—— o ————— -

FIGURE 3-20.
EXTENT OF HISTORICAL MAXIMUM
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3.3.3 Water Use

The communities in the vicinity of McClellan AFB receive water from
private and municipal wells. Most of the water for North Highlands is sup-
plied by the Arcade Water District. The Rio Linda Water District and the
Northridge Water District also supply water to the North Highlands community.
North Sacramento receives water from the City of Sacramento Water Department.
Many private wells are still in use in the area north of El Camino Boulevard

in North Sacramento.

Ric Linda and Elverta receive water from the Rio Linda Water Dis-
trict and from private wells. In 1986, the Rio Linda Water District and the
City of Sacramento Water Department began connecting Rio Linda, Elverta, and
North Sacramento residences in a small area west of the base to the municipal
water supplies. The residents in this area previously used private wells for
their water needs. The hookup to municipal water supplies was a remedial

action initiated by McClellan AFB, as discussed in Section 2.1.3.2.

3.4 Climatology

The climate of the Sacramento area is characterized by hot dry
summers and cool moist winters. Average temperatures in the Sacramento Valley
range from the mid-40s (degrees Fahrenheit) during the winter months, to the
mid-70s during the summer. The average annual temperature is approximately
60°F. During the summer, maximum temperatures can exceed 100°F. During cne
winter, minimum temperatures rarely drop below 20°F. Temperatures may fluctu-
ate up to 40°F per day, with the greatest fluctuations occurring during the

summer months.

Approximately 17 inches of the 19.8-inch average annual precipita-
tion in the Sacramento region fall between November and April. Over one-half
of the total average rainfall occurs during the months of December, January,
and February. The Sacramento area seldom receives snow. The mean annual

evapotranspiration rate for the Sacramento area is about 45 inches per year.
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The net precipitatrion for the area (mean annual precipitaticn minus the mean

annual evapotranspiratiou) is approximately -25 inches per year.

3.5 Human Environment

A discussion of the human environment, including population, demo-
graphics, and land use, is not applicable to the work proposed for the Prelim-
inary Groundwater Operable Unit Remedial Investigation (Hydrogeologic Assess-

ment) .
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4.0 BASIS FOR PROGRAM APPROACH

Previous investigations conducted at McClellan Air Force Base (AFB)
have begun to characterize the hydrogeologic conditions and the magnitude and
extent of soil and groundwater contamination. Varying levels of characteriza-
ticn, 4dictated by anticipated contaminant levels, have been conducted in
different on- and off-base areas. The results of these previous investiga-
tions at, and near, McClellan AFB are the basis for develcpmert of tho reme-
dial investigation/feasibility study (RI/FS) activities. A major element of
the RI/FS process is to address data requirements that remain after the Phase
I and Phase I1 efforts. Addressing these data requirements will further

define the nature and extent of contamination at identified sites and will

P T I
- w 0T

¢ de+ziled evaluation of potential impacts.

The objectives of the Preliminary Croundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment) are to characterize hydrogeologic
conditions and further define the extent of groundwater contamination. This
information will be used in determining potential groundwater operable units.
Of particular interest are those areas where little or no subsurface investi-
gation has been completed to date or where the level of effort expended in the
past has been inadequate relative to what is known about past waste storage
and disposal practices. The Preliminary Groundwater Operable Unit Remedial
Investigation (hydrogeologic Assessment) will provide a framework within which
hydrogeologic conditions at specific sites can be more effectively evaluated,
and groundwater remediation measures may be assessed from an operable unit

area perspective.

This sampling and analysis plan presents the rationale and
methodology for implementing the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment) as part of the RI/FS

process. The primary elements of the Hydrogeologic Assessment will include:

. Determining gengraphic areas trhat may require groundwater

operable unit investigations;
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° Drilling boreholes to depths of approximately 120 to 360 feet
below ground surface to identify water bearing zones which are
most appropriate for future monitoring of groundwater and

contaminant migration;

° Aquifer testing to determine hydraulic parameters for both

aquitards and saturated zones of higher permeability;

. Installing wells to monitor groundwater quality and potentio-

metric head in various zones of saturation; and

° Sampling and analysis (two rounds) of new monitoring wells tor

contaminant compounds.

4.1 Physiochemical Properties of Contaminants

The potential for release of a chemical compound from a site is
related to 1its solubility, wvolatility, and mobility in wunderlying earth
materials. The extent and magnitude of subsurface contamination in the vadose
zones will not be addressed within the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment). However, the extent and
magnitude of contamination in groundwater will be addressed during the hydro-
geologic assessment by two rounds of groundwater sampling and analysis. Based
on the results of these two sampling rounds, recommendations will be made
regarding which wells should be added to the groundwater monitoring network.
Sampling would then continue under the Groundwater Sampling and Analysis

Program.

4.2 Pathways and Receptors

The primary pathways for human exposure to contaminants that are
present at McClellan AFB include inhalation, ingestion, and dermal contact.
The media that may carry the contaminants include air, surface water, ground-

water, and soil. A detailed description of the pathways and receptors was
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presented in the Draft Preliminary Pathways Assessment Sampling and Analysis

Plan (Radian, September 1988) prepared as part of the McClellan AFB RI/FS.

4.3 Environmental /Health Effects

The Preliminary Groundwater Operable Unit Remedial Investigation

(Hydrogeologic Assessment) will not address environmental and health effects.

4.4 Preliminary Technologies

The Preliminary Groundwater Operable Unit Remedial Investigation
(Hydrogeologic Assessment) will not address preliminary technologies. Site
and operable unit assessments will be conducted within the Identification and

Screening of Remedial Technologies task of the McClellan AFV RI/FS.

4.5 Applicable or Relevant and Appropriate Requirements (ARARs)

The Superfund Amendments and Reauthorization Act (SARA) has resulted
in significant changes to the RI/FS process. The provisions that have the
greatest impact are those pertaining to cleanup objectives. Section 121(d) of
the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980, as amended by SARA, requires that remedial actions comply
with the requirements or standards provided under federal and state environ-
mental laws. The requirements that must be complied with are those that are
applicable or relevant and appropriate (i.e., ARARs) to the contaminants at a
site, the circumstances of their release, or the type of remedial action
selected (United States Environmental Protection Agency (U.S. EPA], 1987a).
Selection of ARARs will not be addressed during the Preliminary Groundwater
Operable Unit Remedial Investigation (Hydrogeologic Assessment) but will be
conducted within the task designed for Identification of ARARs and Cleanup
Goals as part of the McClellan AFB RI/FS process.
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4.6 Data Requirements

The following subsections identify data that are required to fulfill
the objectives of the Preliminary Groundwater Operable Unit Remedial Investi-
gation (Hydrogeologic Assessment). The availability or absence of specific
types of geologic, hydrologic, and groundwater quality information also is
discussed, as required to demonstrate the need for additional data. The
references identified in Section 8.0 of this Sampling and Analysis Plan
provide more detailed presentations of existing information. In addition to
the data from previous investigations and the data to be obtained in the
Preliminary Groundwater Operable Unit Remedial Investigation (Hydrogeologic
Assessment), subsurface characteristics which may have an impact on
contaminant migration (for example, vadose zone permeability and contaminant

parameters) will be obtained in site characterization tasks.

4.6.1 Geologic Data

Existing geologic and geophysical data have been extensively re-
viewed in an effort to gain a comprehensive understanding of the hydrogeologi-
cal regime at McClellan AFB. In many cases, the existing data have furthered
current understanding of the subsurface conditions; however, the current
database is inadequate for assessing hydrogeologic conditions in some areas of
the base. Data required to adequately assess the local hydrogeology can be
obtained from strategically located boreholes drilled to the necessary depths
and logged with accurate geological and geophysical techniques. The need for
aquifer parameter data to better understand the groundwater hydrology is

discussed in Section 4.6.2.

The following subsections summarize Radian Corporation’s review of
the existing geologic data, interpretations based on these data, and defi-
ciencies in the current database. Additional geologic data required to meet
the objectives of the Preliminary Groundwater Operable Unit Remedial Investi-

gation (Hydrogeologic Assessment) also are discussed.
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4.6.1.1 Existing Geologic Data

Existing geologic and geophysical data are available in the numerous
geological and geophysical logs presented in reports by various contractors
who have performed subsurface investigations at McClellan AFB. Section 8.0
lists the contractor reports. Table 4-1 summarizes the sources and types of

available subsurface data.

In an effort to understand the hydrostratigraphy on a basewide
scale, Radian constiucted geological cross sections and net-sand maps using
existing geologic logs. Most of the wells used in these evaluations are
located in a north-south orientation in the western half of the base. Bore-
hole geophysical logs also were reviewed, as available. Net-sand maps were
constructed by plotting ratios of permeable (sandy and gravelly strata) and
impermeable (silts and clays) lithologies on a map and attempting to discern
any vertical or areal patterns. The lithologic ratios were determined from
the available boring logs. The vertical intervals chosen for comparison and
evaluation were the three monitoring zone intervals (shaliow, middle, and
deep) currently in use, as described in Section 3.2. Lithologic cross sec-
tions and net-sand maps derived from existing lithologic logs do not add
significantly to the understanding of hydrogeology beneath some areas of the
base, and they were not adequate for indicating any major, laterally extensive
waterbearing =zones that would represent favorable strata for proposed
monitoring well screen intervals. Evaluation of geophysical logs available
for boreholes drilled on base revealed that resistivity and spontaneous
potential logs are more amenable than available lithologic logs in inter-

preting geologic correlations over the distances between monitoring wells.

The distribution of borehole data is hiased toward those areas where
historic waste storage and disposal sites are located. Most waste storage and
disposal activity occurred in a north-south orientation in the western portion
of the base, west of the flight line in Area B, Area C, and Area D. On the
east, central, and north portions of the base, the density of boreholes is

significantly lower. Whereas the resulting monitoring wells are adequate for
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TABLE 4-1 SUMMARY OF SOURCES AND TYPES OF GEOLOGICAL AND GEOPHYSICAL DATA,
McCLELLAN AFB, 1988
Time Work Area Work Well Type of Geological/Geophysical
Contractor Conducted Conducted Numbers Data Avallable
MONIIORING WELLS
EXTRACTION WELLS
RECONNAISSANCE BORINGS
McCleilan AFB 1980 B, C. D MW-1 to MW-4 4 Geologlcal Logs

(Drilling conducted
by All-Terrain

Exploration Drilling)

Zngineering-Science

CH2M Hill

Mclaren Environmental

gineering

Radian Corporation

2545 Idaho, Inc.

BASE PRODUCTION WELL

McClellan AFB

198¢-1981 A, B, D,

Others
1982-1983 A, B, C,
D, Others
1984 Area D

1985-1986 A, B, C,

D, Others
1984-1986 On Base:
A, B, C.
D, Others
Qff Base:
All Areas
1987 c
1942-1981 A,B,C,D,
{Some wells Others

were on site

vhen base was

established
in 1936.)

MW-6 to MW-15

MW-165/D to

MW-50

MW-51 to MW-58

MWs and EWs
59 rto 92

MW-100 to MW-132

Reconnaissance
Borings 1 to 29
MW-1000 to MW-1043

MW-133 to MW-143

BW-1 tou BW-29

10

35

~ o~

34
34

33
14

29

27
13

Geological Logs

Geological Logs

Geologlcal Logs
Geophysical Logs
a) resistivity

b) spontaneous potential (SP)

Geological Logs
Geophysical Logs
a) resistivity
b) SP

c) Caliper

Geologlical Logs
Geophysical Logs
a) natural gamma ray

Geological Logs
Geological Logs

Geophysical Logs
a) natural gamma ray

Geological Logs (not yet
available)

6

~

TOTALS:

Geophysical Logs
a) reslistivity
b) SP

c) natural gamma ray

Geological Logs
Geophysical Logs
a) resistivity
b) SP

186 Geologlical Logs
76 Geophysical Logs
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a general characterization of Areas B, C, and D, the distribution of wells is

inadequate to assess hydrogeologic conditions basewide.

It is evident from the review of existing borehole lithologic logs
that the work conducted in previous investigations was not directed toward the
assessment of hydiogeologic conditions from a basewide perspective. Investi-
gations were conducted to assess local stratigraphy, hydrology, and the
presence of contaminants near Potential Release Locations (PRLs). Due to the
emphasis in previous investigations, it is understandable that the locally-
focused data are not generally applicable to basewide hydrogeologic charac-
terization. However, a significant body of data has been compiled in the
preparation of the Preliminary Groundwater Operable Unit Remedial Investiga-

tion (Hydrogeologic Assessment) Sampling and Analysis Plan.

In preparation for the Preliminary Groundwater Operable Unit Reme-
dial Investigation (Hydrogeologic Assessment), the most applicable geologic,
reophysical, and hydrologic data have been gathered. The most graphic litho-
logic descriptions from scrategically-placed boreholes have been utilized and
compared with geophysical and hydrologic data. Borehole geophysical logging
has been employed in several previous investigations and in the construction
of base wells BW-18 and BW-29. Geophysical logs represent physical responses
which result from the interaction of borehole fluids, groundwater, and the
properties of granular media. They are not dependent on the subjective or
conflicting visual descriptions which may be reported on lithologic logs. For
subsurface conditions at McClellan AFB, resistivity and spontaneous potential
logs significantly add to the capabili.; for correlation of stratigraphic
intervals where lithologic logs were not continuous or incomplete. It is
unfortunate that more of the deeper boreholes were not logged with high
quality resistivity and spontaneous potential techniques. Somc previous
boreholes were logged with inadequate quality assrance or with techniques
which are not appropriate for the physical characteristics of the lithologies
at McClellan AFB.
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To supplement the existing lithologic and geophysical data, borings
drilled in future hydrogeologic investigations will be completed with contin-
uous, graphic lithologic logs and high quality resistivity, spontaneous
potential gamma ray, and caliper logs. Five of the pilot holes to be drilled
in the Preliminary Groundwater Operable Unit Investigation will be cored
continuously. Cores will be logged and stored for reference. Logging methods

are described in Sections 5.2.1.4 and 5.2.1.5.2.

4.6.1.2 Required Geologic Data

The scope of work for the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment) has been designed to com-
plement existing data by drilling and logging new boreholes and installing
monitoring wells in areas where hydrogeologic data are absent or lacking. The
hydrogeologic data obtained in the remedial ivnestigation will be used to
better define potential operable units, although that use of the data is not
specifically described in the table. Specific borehole and monitoring well
locations and depths, including the rationale for their placement, are pre-
sented in Table 4-2 located on page 4-34. Monitoring well clusters 10, 12,
13, 16, and 25 that were constructed in the Area B Croundwater Operable Unit
Remedial Investigation (Radian, 1989) are not described in Table 4-2.
Locations of the pilot holes and monitoring well clusters to be installed
during the Preliminary Groundwater Operable Unit Remedial Investigation
(Hydrogeologic Assessment) or completed in the Area B Groundwater Operable

Unit Remedial Investigation are presented on Plate 5.

Well clusters are listed in Table 4-2 in the numerical sequence in
which they are shown in Plate 5. The sequence does not reflect the order in
which monitoring wells or pilot borings will be drilled or constructed.
Clusters numbered 10, 11, 12, 13, 16, and 25 in Plate 5 have already been con-
structed. At each cluster, the pilot hole will be drilled and geophysically
and lithologically logged first to assess lorcal hydrogeologic conditions.
Five of the pilot holes will be continuously cored to allow comparison of

lithologic and geophysical characteristics. After the pilot hole is grouted
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or completed as a monitoring well, the deepest planned well in the cluster
will be drilled and constructed. If the deepest planned well 1is a
"200-foot" zone well, it will be constructed, developed, sampled, and analyzed
for wvolatile halocarbons. While the sample is being analyzed on a short
turnaround basis, the next shallowest well planned for the cluster will be
drilled and constructed. When analytical results for the "200-foot" zone well
are available, a decision will be made regarding the need for a "300-foot"
zone well in the cluster. If the "200-foot" zone well sample had detectable
halocarbons confirmed by second column analysis, one of the optional
"300-foot" zone monitoring wells will be constructed in the cluster. If the
"200-foot" zone well sampled has no detectable halocarbons, no "300-foot" zone
well will be constructed except at Cluster 17. Materials will be available
for construction of optional "300-foot" zone wells in as many as seven
clusters. After construction of the "200-foot" zone or "300-foot" =zone

monitoring wells, the shallower wells in any cluster will be constructed.

The cores and geophysical logs from pilot holes and cuttings from
the drilling of monitoring well boreholes will provide the geologic data
considered necessary to assess the local hydrogeologic conditions. These data

are.

] Strategic areal distribution of boreholes. In general, these

locations are:

1) Eastern portion of the base,

2) Southern portion of the base (between Areas A and B),
3) Central north-south portion of the base,

4) Northwest portion of the base between Areas C and D,
5) Northwest of Area D, off-base,

6) Southwest of Area B, off-base,

7) Southeast of Area A, off-base, and

8) North of Area A, east of Area D.
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. Deeper boreholes to characterize hydrogeology and/or determine
the presence of contaminants at depth in selected areas.
Wells drilled to, and screened in, the "300-foot" and "200-
foot" zones will help characterize the nature and extent of
these zones in addition to the "250-foot"™ aquitard in areas
where contaminant migration to greater depth is most likely to
have occurred. Wells will not be constructed in the "300-foot"
zone unless contaminants have been detected in the "200-foot"
zone in the cluster or in an upgradient cluster. Cluster 17

includes the only definite "300-foot" zone well.

° Consistent use of high quality spontaneous potential and
resistivity surveys. Specifically, resistivity surveys in the
short-normal (16-inch) and long-normal (64-inch) configurations
will be employed during the Preliminary Groundwater Operable
Unit Remedial Investigation (Hydrogeologic Assessment) .
Spontaneous potential, resistivity, gamma ray, caliper, and
declination geophysical surveys will be conducted in 19 pilot

holes; one in each monitoring well cluster.

* Geological logs based on the Wentworth Scale and Unified Soil
Classification System will be produced during the Preliminary
Groundwater Operable Unit Remedial Investigation (Hydrogeologic

Assessment) .

As many as 51 monitoring wells may be installed, either singly or in
well clusters, in 19 specific locations during the Preliminary Groundwater
Operable Unit Remedial Investigation (Hydrogeologic Assessment). Of these 51
wells, 14 are "water table” zone wells, 12 are "150-foot" zone wells, 17 are
"200-foot" zone wells, and 8 are in the "300-foot" zone. However, 7 of the
"300-foot" zone wells are optional and will be constructed only if analyses of
samples from the "200-foot" zone well indicate contaminants are present. Mud
rotary pilot holes will be drilled at each cluster site prior to installation
of monitoring wells. Thirty-four plezometers will be installed in Areas B and
C.
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Eleven geologic cross sections, A-A’ through I-1', and one fence
diagram, present the Preliminary Groundwater Operable Unit Remedial Investiga-
tion (Hydrogeologic Assessment) well locations and depths. Figure 4-1 pre-
sents the locations of all the proposed monitoring wells relative to the fence
diagram and other cross sections. Table 4-3 indicates the specific monitoring
wells and well cluster locations that are presented on the cross sections.
The cross sections and fence diagram are shown in Figures 4-2 through 4-10 and
Plate 6. These illustrations were constructed on the basis of interpretation
of existing borehole geophysical logs. The nine cross sections present 51
monitoring well locations and depths in 21 clusters, 4 of which were con-
structed in the Area B Groundwater Operable Unit Remedial Investigation.
Proposed clusters 18 and 26, are not presented on a cross section because

existing hydrogeologic data are not sufficient to construct a cross section.

In the eastern portion of the base, proposed well depths have been
projected from known geologic reference points to areas where geologic control
is lacking. The target monitoring well screen intervals (the "water table,"
"150-foot," "200-foot," and "300-foot" zones) are identified in Section 3.2

and on the enclosed cross sections and fence diagram.

The exact depth to the water table and the thickness of the "water
table" zone vary across the base due to local topography and geologic and
because of uncertainty in identifying the base of the zone from available
data. The lower limit of the "water table" zone is not indicated on the cross
sections. Approximate groundwater levels based on recent potentiometric
surface maps are shown on the sections to indicate the upper boundary of the
"water table” zone. Wells proposed to monitor the water table zone will be
constructed with screen intervals placed to monitor the most permeable strata

and the upper water surface.

The methods and procedures that will be used to obtain the required

geological data are discussed in Section 5.0.
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TABLE 4-3.

SECTIONS ILLUSTRATING PROPOSED MONITORING WELL LOCATIONS

Cross Section

Proposed Monitoring Well and Well Clusters

A-A'

B-B'

Well Number 16 (1 well)

Cluster Numbers 18 (4 wells), 11 (2 wells)

Cluster Number 12 (3 wells), Well Number 13 (1 well)
Cluster Number 10 (3 wells)

Cluster Numbers 5 (2 wells), 6 (3 wells), 7 (3 wells),
14 (3 wells), 15 (2 wells)

Cluster Number 1 (3 wells)
Cluster Numbers 2 (1 well), 3 (3 wells), &4 (4 wells)
Cluster Number 9 (4 wells)

Cluster Numbers 19 (2 wells), 20 (3 wells), 21 (3 wells)
Well Number 22 ( 1 well)

Cluster Number 23 (4 piezometers)

Cluster Numbers 17 ( 1 well), 24 (5 piezometers)
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4.6.2 Groundwater Hydrology Data

This section identifies additional hydrologic parameters that are
needed to more fully assess the movement of groundwater and the potential
extent of groundwater contamination. The existing database and additional
data required to satisfy the objectives of the Preliminary Groundwater Oper-

able Unit Remedial Investigation (Hydrogeologic Assessment) are presented.

In order to assess the extent and magnitude of groundwater contami-
nation and determine potential groundwater operable unit areas at McClellan
AFB, the hydraulic properties of the subsurface media require characteriza-
tion. Parameters such as hydraulic conductivity and aquifer storage coeffi-
cients are needed to understand groundwater movement. Determination of
vertical hydraulic conductivity of aquitards is required to characterize
vertical movement of groundwater and to begin characterizing vertical contami-
nant movements. In addition, an adequate network of wells for measuring
groundwater levels i, rccessary to develop potentiometric surface maps.
Groundwater levels are used to determine flow directions and gradients in all
areas of the base. The location, duration, and magnitude of groundwater
withdrawals influencing groundwater movement are aiso needed to evaluate

potential contaminant migration.

Available groundwater hydrology data have been reviewed to determine
the additional information required to meet the objectives of the Preliminary
Groundwater Operable Unit Remedial Investigation (Hydrogeologic Assessment).
Available data include potentiometric surface maps for the three monitoring
zones and results of single- and multiple-well aquifer tests conducted by
various IRP contractors. Based on a review of the existing information, the

groundwater hydrology data requirements include:

[ Hydraulic parameters, thickness, and extent for aquitards, in

particular, the 250- to 300-foot aquitard zone;
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Additional hydraulic parameters for the more permeable water

°
bearing zones, especially in the east and southeast portions of
the base;

° Additional wells to be wused for static groundwater-level
measurements to determine groundwater flow directions and
hydraulic gradients across the base and for the collection of
groundwater guality data; and

. Data for on-base water supply wells to qualitatively assess

their influence on local groundwater flow directions and

gradients.

4.6.2.1 Existing Groundwater Hydrology Data

The aquifer system at McClellan AFB is composed of waterbearing
zones of variable thickness and lateral extent interlayered with zones of less
permeable silts and clays. The hydraulic properties of the waterbearing zones
have been determined at various wells located on the west side of the base,
primarily in Areas C and D. Smaller scale single-well pumping tests have been
conducted at various on- and off-base locations. The locations of historic
single- and multiple-well aquifer tests are shown in Figure 3-10. A summary
of past aquifer testing is presented in Section 3.3.2. The hydraulic cecnduc-
tivity and storativity data developed from these tests have been for permeable
zones located primarily at elevations above -180 feet msl (zones located
within the upper 250 feet of the sediments). Recent discovery of contamina-
tion in Area C by EG&G, Idaho (1987) at depths of up to 245 feet, and concern
about the influence of on- and off-base water supply wells on contaminant

migration present a need to acquire hydrologic data from greater depths.

A network of monitoring wells located on and off base has been
established for water-level measurements that are used to determine ground-
water flow patterns. In portions of the study area, however, additional wells
are needed to provide data where none is currently available and to assess

more complicated flow patterns resulting from pumping of on-base water supply
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and extraction wells (see Plates 2, 3, and 4). Near Area A and in the off-
base Southeast Area, there are few data points from which total hydraulic head
can be determined. The eastern side of the base also lacks wells for ground-
water-level measurements, especially near BW-10 where groundwater pumpage is

probably affecting local flow patterns.

Previous field testing of the aquifer system has not been conducted
for all portions of the base where contaminants have been detected or are
likely to be present. 1In Area A and adjacent areas on and off base, the
hydraulic properties of the aquifer system have not been adequately character-

ized.

Field testing of the aquifer system has determined hvdraulic proper-
ties of the more permeable zones. The hydraulic properties of the lesc
permeable confining zones have only been indirectly determined from aquifer
testing. Vertical hydraulic conductivity and storage coefficients of the
aquitards have not been determined, although clusters of wells have been

ins=alled to monitor vertical gradients between waterbearing zones.

4.6.2.2 Required Groundwater Hydrology Data

The above subsection has summarized the existing hydrologic database
and identified deficiencies in terms of lack of data. This subsection identi-
fies the additional information required to more fully characterize the

hydrologic parameters of the aquifer system.

The hydraulic properties have not been characterized for all areas
near or downgradient of known waste storage and disposal sites. Additional
testing of the permeable zones is required in Area A and Adjacent On-Base
Areas to the northeast and southwest, as well 2s in the adjacent off-base
Southeast Area located south of Area A. The specific wells to be used in

characterizing Area A are identified in Section 5.2.1.6,

D13,/082489 /hunm 4-25




CORPORAYION

The hydraulic properties of the less permeable zones that separate
the waterbearing zones have never been quantified through the use of field
tests designed for this purpose. The storage coefficient and the vertical
conductivity of the confining layers need to be determined in order to evalu-
ate the downward movement of groundwater and also contaminants. Field testing
of the confining layers and laboratory determination of storativity and
hydraulic conductivity are necessary to provide an initial database of the
aquitard properties. Specific details of the field and laboratory methods are
described in Section 5.2.1.6. Field testing of the aquifer system will be
used to determine "in situ" parameters for certain zones. Analyses of the
field test data requires laboratory measurements of specific storage from
compression tests. In addition, laboratory measurements of hydraulic conduc-
tivity from permeameter tests of samples collected from boreholes will be used
for comparison with field-derived values. Field and laboratory methods are

explained in Section 5.2.1.6.1.

Potentiometric surface maps are generated from quarterly ground-
water-level measurements for the shallow, middle, and deep "A" monitoring
zones. Monitoring wells for groundwater-level measurements are required in
several portions of the study area and in additional waterbearing zones where
none currently exist. In general, additional water-level data are needed in
the off-base Southeast and Southwest areas, in Area A, and in the eastern

portion of the base.

The effects of active on-base water supply wells are evident on many
of the potentiometric surface maps presented in the past. The operating
schedule of the water supply wells and water-level measurements from nearby
monitoring wells are required to develop information on the hydrologic effects
of on-base water supply wells. The specific tasks to evaluate the effects of
on-base water supply wells are discussed in Section 5.2.1.6.3. O0Of particular
interest are horizontal and vertical hydraulic gradients near these production
wells and the rate at which these gradients change as the water supply wells
are turned on and off. Methods to be used to determine these affects are ex-

plained in Section 5.2.1.6.3.
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Based on the general data requirements summarized above, the follow-

ing hydrologic work will be conducted during the Preliminary Groundwater

Operable Unit Remedial Investigation (Hydrogeologic Assessment):

D13/082489 /hmm

Single-Well Aquifer Tests--A maximum of 40 single-well tests
will be conducted at the locations shown on Figure 4-11. The
wells designated for single well tests were selected to provide
parameters for locations and waterbearing zones where these
data are not available. The data will be evaluated to deter-
mine transmissivity and hydraulic conductivity of the water-
bearing units in which the wells are screened. The single well
pumping tests will be conducted in wells located on and off
base. Single-well tests are needed to define aquifer para-

meters affecting flow.

Multiple-Well Aquifer Tests--Two multiple-well aquifer tests

will be conducted at the aquifer test well field installed
during Phase II, Stage 2-3, of the IRP, and in Area C. Ground-
water levels in observation wells screened in different aqui-
tards will be used to quantify the vertical hydraulic conduc-

tivity of these fine-grained sediments.

Installation of Monitoring Wells--All of the monitoring wells

to be installed as described in 7lable 4-2 will be used to
measure groundwater levels. The use of new and existing wells
for this purpose will allow preparation of potentiometric
surface maps from which groundwater flow conditions across the

base can be interpreted.
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° Monitoring Groundwater Levels Near On-Base Water Supply Wells--

Automated hydrologic data loggers will be installed in four
on-base water supply wells and nearby monitoring wells. This
will allow determination of pumping schedules and specific
capacity of the water supply wells, and how the use of these
wells affects local groundwater flow directions and hydraulic

gradients.

4.6.3 Groundwater Quality Data

A principal objective of the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment) is to development a hydro-
geologic framework of conditions beneath McClellan AFB. In attaining this
objective, data obtained and wells constructed will have a direct impact on
the characterizaticn of groundwater contamination and evaluation of ground-

water remediation alternatives.

Interpretation of lithologic and geophysical data from boreholes
will help to define the continuity and characteristics of waterbearing zones
in which contaminated groundwater is most likely to migrate. The data will
also be used to identify confining beds or aquitards which may slow or impede
the vertical migration of contaminants in the saturated zone. Hydrologic
measurements obtained in field and laboratory testing of aquifer and aquitard
materials will be used to determine hydraulic gradients and hydraulic conduc-

tivities that may also affect contaminant migration.

After well construction and hydrologic testing, the new monitoring
wells will provide as many as 51 new sampling points for the determination of
water quality. The wells will provide 14 sampling locations in the shallow or
"water table" zone, 12 locations in the "150-foot" zone, 17 locations in the
"200-foot" zone, and as many as 8 locations in the "300-foot" zone. Monitor-
ing wells completed in the "300-foot" zone at clusters 16 and 17 are the first
wells to be screened in that zone for the purpose of determining the maximum

vertical extent of groundwater contamination. The two "300-foot" zone wells
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have been sited in locations where contaminant migration to that depth is most
likely to be detected because contaminants have been detected in the "200-
foot" zone upgradient from the wells in Area C (EG&G Idaho, 1987). Monitoring
well completions in the water table, "150-foot" zone, and "200-foot" zone were

selected to further define water quality in each of the zones.

Groundwater samples from each new monitoring well will be taken for
analysis in two separate sampling events. The first sampling will occur
shortly after development of each well. All wells completed in the "200-foot"
zone will be sampled for volatile organic compounds on a "short" turnaround-
time schedule. If contaminants are detected in that zone, a "300-foot" zone
well will be constructed and sampled in a maximum of 7 clusters. The second
sampling of each new well will occur approximately one month after the first
sampling event. Each groundwater sample will be analyzed for volatile and
semivolatile organic compounds, and metal ions. A number of new monitoring
wells will also be analyzed for base/neutral and acid extractable compounds if
they are constructed in areas where these compounds were previously detected.
If there are conflicting analytical results between the first and second
sampling rounds, additional sampling will be recommended to resolve
inconsistencies. Quality assurance/quality control procedures to be used in
sampling and analysis of the wells are explained in the Draft Quality
Assurance Project Plan for McClellan AFB (Radian, October 1988). The number

of samples and analytical methods for these wells is presented on Table 5-3.
Section 4.6.3.1 summarizes the groundwater quality data that cur-
rently are available. Section 4.6.3.2 identifies those areas where additional

wells to monitor groundwater quality are considered necessary at this time.

4.6.3.1 Existing Groundwatey Qual{ty Data

Water quality data have been collected for monitoring wells at
McClellan AFB since 1981. However, as discussed in Section 3.3.2.2, a network

of monitoring wells has developed over time as new monitoring wells have been

D13/013090/j1h 4-30




installed. Other monitoring wells have gone dry and are no longer available
for sampling. The monitoring network has evolved over time, and installation
of monitoring wells has occurred in areas of specific concern. The ground-
water monitoring network does not include wells in all on- and off-base areas
where contamination may be present. The extent of contamination detected
historically in monitoring wells is presented in Section 3.3.2.2 to provide a

basis by which the requirements for additional water quality data can be

evaluated.

In Area A and Adjacent On-Base Areas, nine of the 15 shallow zone
monitoring wells can no longer be used for sampling purposes because the wells
are dry or the wells do not provide reliable hydrologic data. OCnly five moni-
toring wells are screened in the middle monitoring zone in Area A and Adjacent

On-Base Areas.

In Area B and the Southwest Area, pumping of water supply well BW-18
influences local groundwater flow, as evidenced on the potentiometric surface
maps (Plates 2, 3, and 4). BW-18 is screened at intervals below 170 feet.
The extent of the pumping influence and the effect on contaminant movement are

not evident from the existing water quality database.

In Area D and Adjacent On-Base Areas, groundwater contaminants have
been detected consistently in 10 shallow zone monitoring wells. Three off-
base wells screened in the shallow monitoring zone also have shown the pre-
sence of contaminants. The groundwater extraction system composed of six
extraction wells in Area D is performing as designed (see Plates 2, 3, and 4)
such that groundwater is flowing toward Area D preventing off-base migration

of groundwater contaminants.

In Other On-Base Areas and in the Northeast Area, groundwater
quality as determined from analyses of existing monitoring wells is generally
good. Other On-Base Areas include on-base areas in the north, east, and

central portions of the base.
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4.6.3.2 Required Groundwater Quality Data

Implementation of the Preliminary Groundwater Operable Unit Remedial
Investigation (Hydrogeologic Assessment) Sampling and Analysis Plan will
result in installation of monitoring wells sited to confirm the presence or
absence of groundwater contamination in selected locations and in four
waterbearing zones. As discussed in Sections 3.3.2.2 and 4.6.3.1, the ground-
water quality database is not complete for specific areas where there are few

or no wells and contamination is known or is suspected to have migrated.

In Area A, an area where wastes may have been released in the past,
few monitoring wells are available for sampling. In the adjacent off-base
Southeast Area, there are only two wells along the base boundary to monitor
any off-base groundwater movement. Monitoring wells are needed in Area A and
Adjacent On-Base Areas and in the off-base Southeast Area to determine rhe
extent of groundwater contamination. Monitoring wells screened at various
depths are required so that the vertical extent of any groundwater contamina-
tion may be determined. The new monitoring wells at well sites 3, 4, 5, 6, 7,
14, 15, and 26 (see Section 4.6.1) will help to monitor groundwater quality

vertically and horizontally.

In Area B and Adjacent On-Base Areas and in the off-base Southwest
Area, the horizontal and vertical extent of contamination has not been fully
determined. The effect of water supply well BW-18 on horizontal movement of
contaminants within Area B will be better defined by new monitoring well
clusters. Shallow and deep wells at the new cluster sites 10, 11, 12, 13, and
25 will help to assess the horizontal and vertical extent of groundwater
contamination. The new wells at cluster sites 16, 17, and 21 will serve, in
part, to determine groundwater quality at several depths in the area up-

gradient from the McClellan AFB boundary.
In the off-base Northwest Area near Area D, a monitoring well in the

shallow monitoring zone 1is needed to assess the horizontal movement of

contaminants. The new shallow zone monitoring well at cluster site 18 will
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assist in determining the presence or the absence of groundwater contaminant
plume(s) in the Northwest Area. In the east-central portion of the base, few
wells are available to determine groundwater quality changes that may be
influenced by the pumping of BW-10. The proposed wells at clusters 3 and 26
will provide water quality data for groundwater that may be migrating from

Area A towards BW-10.

D13/082489/hmm 4-33




{panu13u0))

uwy/685280/51 - @

radeguns punclsb moyaq = sbq
“13A3] BAS uURIM = SW
"PR3IINJIISUCT JO P3LLJP 4@ S||aN
J21sMmo Aue 3Jo4aq pabboy pue pajitip aqg 1)im Aoy (sw ,082-
10)id °S}1aM JIISN]D JOJ SUCIIBAI]I UIILIIS IUIWIII3P Uo(31eAa]3)
pue sBo) BullsIxa y3iM uoglounfuos ut sboy jes s6q ,09¢
-15Aydoab Mau Buysn ABO)103BOJIPAY 1BI0) 2Z143308JBYD sy3dag je30) “Jnoqe sy 10H 1011d - |
sbq ,05¢
*PaINIISUOD UDIQ JOU BABY S} )9M DUOZ 43004 -00F :y3dag 19304
Jeuo13do Jaylo UIASS PUE })aM AUOZ 3004 -002n UI I1sw ,Q%2- "xoudde
pPa3I931ap S1 UOLIBULWEIUOD i Juswddedwe jeuolidp TUC)IBAI ]I UDAJIOS *aAoqe Sy n3004-00€w - {
sbq ,902
"J33ISN12 3yl UL 119M 3UOZ ,3004-00EH )euolido :yadag jyeyof
JO4 Pasu aulwJaldp 03 Juawdo)aAsp 4218 A13aeip Dysw ,e¢)-
-3uml] pazAjeue pue paldwes agq 0} }19M "3A0Qe SY IUOLIBA) I UIIJIDS *anoqe sy #3004-002w - |
séq ,591
tyidag @30}
1sw 66
*aAoqe Sy IUOL1BA3]] UI3JIS *aAoqe sy w3004 -0SLm - 1
“aseq 30 jJed syl ul A3i1jenb Ja1eM aULWIRIAG (v
‘aseq jo eaJe 31Sed “Q8L-MW JO Iseayluou
-YlJoU UL SUQLIJBILP MOL} JIIEMPUNOJIE ULWIBIB0 (§ 40061 'L0L/00L J3asmd
*A60103BOJpAY 1B20) d21J433dRJRYD (2 sbq ,gtlL 40 ISIM 0091 ‘Aem
*(sAemixey pue 1y3daq ye1o}] -Uundg YINos-yiiou view
Aemuna yinos-yiJou ayl Aq patdnadg) aseq ayy 40 Lysw L, gY- )0 1589 ,0G, 'aseq jo
pJLYI-2uo 1BJIUID AY) JI BIEP 2JBJINSQNS 4O WIBY (| 1UOLIBA3 )T USALDS uotjsod 18J3UID-YIJON wO1QeL JOIBM, - |

*43pJo Bui1tdp palslasadd uy

10U “A11B2LIUNU P31SE) 4@ SUOLIRI0T

L ¥3GWN ¥31SM2

*310M

syidaq pue yidag je3og uotiedo) PIL0ILIUOH RN0T
SUOL1E207 113N JO3 djeuotley 1(ud3J42$ §0 wol108) pue VoLIBUBLSAq
UO13IBAIT UIIJIS 119m Bu1J03 LUON
PIPUAILOIBY
JIVYNOILVY GNY SNOTLYI0T 173M ONI¥OLINOW 03S040¥d ~2-9 318V1

4-34

__



coOnRPORATION

4 wy/686280/¢€1 -0
(panut3ued) “a0ey4ns punodb mojaq = sBq
"19A9] €3S ueaw = |SW
s6q ,G/L
tyadag 12304
Hsw ,66-
‘aAoqe sy 1UOL1BA3)] UIIJIOS *aA0qQe sy #1004 -0Glw - €
-A31)enb JaiemMpunodb Jo3lUOW (§ "6Y-MW JO 1SEeaylaou 13y
*0L-ME 4O S123443 ay3y sBq ,0€1L 00g A1230wixoudde ‘0f-ng
03 pJebad yiim A1je1oadsa ‘s3juaipesb a1 )neapAy cyidag je3o) JO 1SaMYINOS 1334 00
puUB SUOL123JIP MO J3IBMPUNOJB 3ULap o] (2 Lysw ,06- Araiewixoldde laseq jo
*A60)09604pAY 1820) 3zlJa31dBIBYD (| IUOLIBAS Y] U33JDS uoljJod jB43UII-1583 wI1Q8L JIION, - €

£ ¥3IBWON ¥31SNTD

"Pa1oNJISUOI JO P3| 1P BB S))aM

J21SN|9 Aue 34033q pabBo) pue pa)|LJp aq )1im 3oy
10)id °S119M J3ISN|I JOJ SUOLIRAD]D UIIJIS SULIWIIIAD

(1sw ,092- uo11BAD]3)

pue sBo) BullISIX? yitM wollounfuod ul s6ojy jed s6q ,0¢€¢

-1sAuydoaB mau Bulsn AB0)0aBoJupAy jBJ0] 3Z|Ja3dBIRY) :yidag 1e30)1 *2A0Ge SY 9104 J0\1d - 2

("AJp s} *0.8 Buip1ing jo 31sea

S62-MW) "119M BulJoliuow d)qey Jalem dae1day (¢ 1933 00% -(s6q 0" 29

raseq 30 jJed syl ul A3ljenb Jalem aulwu3lag (¥ 40 yidap jei103 & pue

‘aseq jo eaJe 3sed 1SW 09 8- O UOLIBAILR

-YlJou Ul SUOLIDIILP MO JIIEMPUNOJB JUIWI333Q (¢ Ud3JIS B SBY (62-MNW)

*ABo1osbodpAy 1e00} aziidydesey) (2 s6q 211 G6Z-MH 1191 302

*(sAemixe) :yidag 1e30}) Bu1JOY LUOW ,3)1Pp L,

pue Aemund yinos-yiJou ay3 Aq paidnado) aseq Iyl jo ysw L9 03 UIdR(pe ‘aseq
PJLYI-3UO 1BJIUID BYI UL BIEP IJBLINSANS 30 OB (| IUOL1BA3 Y3 UIIIDS 30 uotlsod 3seayrdoN w1Q8L 4318M, - 2
Z ¥3IBNNN ¥31SNTD
syidag pue yadaqg jeio) uo138301 P9103 1UON 07

SUC118207 1134 JOj djeuoliey

!(uaaJos jo wollog)
UC11BA3)3 UIIJIDS
PIpUSMNALCIIY

pue uolieuBisag
1191 6ui 40 1UON

(ponutiuol) 2-% 318vl

4-35



cCoORPORATION

(panu13uo))

|3 Yy /685280/¢1L -G

*aJejuns punoJB molaq sBq
“19A9) B3S uBaw = |SW

‘yanos
34yl 01 Q/Z-MW PUB YlJOU 3yl 03 2 puB | SM§ Ul
P917239p UOLIBULWEIUOD JIIBMPUNOJE UMOUY JO SBIIT
OM] U33M1aQ PIILI0) SI J3ISN)D SIYl  “(ST¥d)
SUO11BJ0] 3sEd|aJ 1BLIUdI0d snoJaunu AQ papunod
-Jns BaJe Ue ul Al1)enb J3alempunoJb aziJa3deJeY) (€
*SIUILPBIB 21 )NBIPAY
pue sdeu 9394ins d1J3awoijualod Joj BIBP IPLAOId (2
*A6010360JpAY 1B20] 3ZtJa3desRY) (|

sbq ,021
:yydag 1e30]1 *29¢ Bul
I1sw ,gY- -p1ing J0 1Se3 Ajalel

IUOL1BA3 T UBIJIDS -pauMil ¥ B3J4Y JO YIJON wP)QUL JIIOA - &

¥ ¥3IIWON ¥3ILSNTD

"P339NJISUOD JO PI| | LJp 3Je S1)3M

J9315N19 Aue 3Jojaq peb6o) pue pay|tJp aq 1)im sajoy
10]1d "S)19M JIISN|D JOJ SUOLIBAI |3 UIDJIS 3UlWIIap
pue s6o) BuUi1ISIX® Yiim uolidunfuod uy sboy 18>
-15Aydoab mau Buisn ABo)0aboupAy 1890} 8Z143317848Y)

(1sw ,062-
uoileaa)3)
sbq ,09¢
syadag 1930} “2A0GE SY 2104 301id - §

*p331oNJISUOI USIG J0U IARY S)13M BUOZ 300} -00Sk
Jeuc11do JIYI0 UBAAS PUR |]19M JUOZ 100} -002w UL
pai12313p S! UOLIBUIWEIUOD §1 Judwddejdws jeuotido

sbq ,05¢
:yadaqg je30)

f\sw ,0%2- -xosdde

*J3ISN|I 3Y3 UL )1IM 3UOZ ,1004-00Ew )eUO!IdO
JOj padu ULWIIIBP 03 JudwdoiaAap 493j8 A)a3etlp
-suwl pazAieue pue pajdues aq 03 )]9M °2A0Qe SY

IUOL3BA3YI UIIJIS ‘aaoge sy nl004-00€w - €
sbq ,922
:yidag jeio)
w65 -
tUO11PAQ |3 UIBIDS "3Aoqe sy wl00)-002nw - €

(PanULIU0]) ¢ NIGWON ¥31SNTD

syidaqg pue
Suo131B207 1]aM Joj 3jeuciiey

yidaq 1e10) uo138507 P3JO31UON Uo7

1(ua3435 jo wollog) pue LOLIBUBISIQ

UOL1BA3)] US3JOS 1198 ButJoy tuoy
PIpUAOO2Y

(PaNULIU0])  "2-% 378VL

4-36




Y U /685280/£1 -0

(panuiuoy)

*a084uns punosB moyaq = sBq
“19A9) BaS WGW = 5w
"S19A9) uUo1}J® 3Aoge A|11Ud1SiSU0d sbq ,/12 1194 3U0Z BuLJo)tuow |
SPUNOAWOD YIiM ) )M BUOZ BULJIOI LU I3 1PPLi, :yydaq 1e10) w2 PPN, 03 JUIdE[pR
8 Si UO0L13IBJ0} § JIISN|D JO ISaMY.NOS Q2-MW (2 \sw ,gH- 'y B39y Ut ‘Iseq
*S1)9M paJIISNId ou sey y eauy (| IUQLIBAR YT UBIILDS 40 uoy140d IsEaYINOS wolQPL J38M - §

S UISWNN ¥3ILSNTD

"P23I9NJISUOD 40 P3)]Lp BJB S) )M
J31sN|2 Aue 940ja3q paBbo) puk P3| LJp 3q 1)1iM SI)0Y

101ld "S1)139M JIISNYD JOJ SUGL1IBAILD UIIIL3 JLWIAIP (1SW ,662- UCLIBARYYY
pue sb0} 6ULISIXd Y3im uolldunfuod Ll sBoy (B2 Isbq ,p%§
-1SAydoa mau Buisn A60]0260JpAY 1890] aZl4aidedey) 1yydaq y8l0} *aaoqe sy )04 30)id - &
sba ,0%¢
*PRIONJIISUCD UI3Q 10U 3ABY S))3M 3UOZ ,4,300)-008n tyadaq €10}
18U0L1dO JAYI0 UIAIS PuB ]13M UOZ ,,300}-002n Yt Jysw ,092- -xousdde
P912313p S| UOLjBUIWEIUDD J1 JuSWRDRdUP jeuolydo tUOL3BAD |3 UIIIDS *aA0qQe sy wl004-00Ew - ¥ ﬂ
<
s6q (412
SJ93ISNYD BY) UL 113M 3U0Z ,1004-00¢w 1BUO1IdO 1yidag ye3o0g
JO) PIdu 3ULWIAIP 03 JUdKI013AIP 13338 A1daelp 2ysw o, €L-
-SUMt pazAteue pue pajdues aq 03 113N °IAOQE SY 1UOLIBAS Y UIIIDS *9A0Qe sy w1004-002n - ¥
sba 221
tyydag je30)
fsw ,c6-
TaacqQe sy IUDIIBASYY U9IJOS “IAOQE SY w300} -0Clu - ¥
(PPNU1IU0]) 5 GIBWIN 8315110
syydag pue yadag yeio} uot3e201 paJaliuol oz
SUO13E207 1198 JO} IjBUOLIRY 1(Ua040S 30 wWO3108) pue woiisuBisag
Uo{leAd]3 uaasas 119M Bu(J03 (oK
papua0 >3y

(PanuLiueld)  *2-9 318VL



(panu(3uo))

*a2e4Jns punoJB moiaq

WY/ 685280/51 -G

s6q

T19A9) 8IS LB = (9w

"PAION1ISU0I JO PaYLJp JJe S))oM

J218N12 Aue asojaq pabbo} pue P3))tJp 39 ))1m sa3)oy
1011d "S113M J3ISN|3 JOJ SUOLIBAI|I UIIIIS BUIWIIIIP
pue s60) BULISIX® YIIM UOLIoUNTUOD Ui sBO) )e3
-15Aydoab mau Buisn ABojoabospAy 18201 32t43398J48YJ7

(ysw ,p62-
Uo318A)3)
‘sbq ,09¢
tyydag jexo0j "3A0qQe sy

3104 3014d - §

"P313NJISUOD UBAQ J0U BABY S}1aM BUOZ ,1004-00Ck
18U013d0 JBYIO UGASS PUB ))3M BUOZ ,,3004-00Zx U}
P2313333p Si UOLlRUIWEIUOD i Juowdde)dwd 1euctido

s6q ,05¢
1y3daq 1e30)
Jysw ,0%2- *xoudde
IUOLIBAD) T UIIIIS ‘aA0qe sy

%100}-00€w - §

TJAISN|I YT UL |]9M BUOZ ;3004 -00Ew

18U013d0 JO4 PadU AUWIIAP 03 awdojaasp s34
A1a3e1poumy pazAjeue pue pajdues ag 01 1)3M  “S))am
auoz ButJuo)iuow ,dasp, ou sey y easy pue aaoqe sy

s6q ,/12
:yadag je3of
nsw ,29i-
TUOLIBAR I UIIIIS “aaoge sy

u3004-002a - §

"S3udLpeIb D1yneapAy
pue sdew 30e4uns d1ulawoliuazod Jcy elep apLaodd (9
*AB0103604pAY 1e30] aziu93o8uEY) (s
*{m013q 33s) }1am 1004
-002« Pasodoud e y3in Buoje sjueulweluod o uoil}
-1JISIP 1e21303A Bulleaul|ap Ul Isisse 1)1IM jam
(13U0Z MO}1BYS,) 431981 J32BM, MAU & 6UL]jelsu (v
*AJp
MOU SL ‘113M U0z \MO1RYS, B A)1BULBII0 'S22-MKW (S

“(sBq ,891L j0 yadep
18103 ® pue Jsw .9 gs-
40 UO1IBAD13 UIIJIS

B SBY QI2-MW) Q2-MM

(panutiuo))

(PenuL3u0))
wd1qe) J3leR, - §

S ¥3ONNN ¥31SNT15

syidag pue
Suo131e307 113A Joj djeuoiIeY

yidag jejoy uo138301

1(uaaJos 30 woljog)

UO11BA313 UD3JOS
pPopuaNO I3 Y

PaJ03 1uoK auoy
pue uotlieuBisag
113 BuLJo3 Luoy

(P3nULIU0))  *2-9 318Vl

4-38




CORPORATION

9 uiy/685280/€1 -Q
(PaNU13U09) "32e4Jns punoJB mo1dq = SBq
*19A3) B3S uUBIW = |SW
"PaIdNJISUOD JO PI) | LIP 3Je S])aM
Ja1sn13 Aue aJ0j3q pab6ol pue ps1)11Jp aq 1)1IM sajoy (1sw ,062-
30)1ld “S)19M J3ISN|I JOJ SUOLIBAR]D UIIJIIS ULWIIIHD Uo13BA313)
pue s6o] BuLlSixa yltM uotiounfuod ut sboy 1es sBq ,09¢

-15Aydoab mau Buisn AB0)03604pAY 1850) azlJaidvsey) 1yxdag 19304 ‘aA0qe sy 2104 10)1td - 9
s6q ,0S§
"PR19NJISUOI UdAQ J0U JABY S)]9M DUOZ 43004 -00Ck 1yidag 18304
18U011d0 J3YI0 UIAIS PUB |}3M JUOZ ,,1004-002, UL Lysw ,Q%2- “xoJydde
Pa333939p S| UOIJBUIWBIUOD 4| JUAMSIE)dWd )euotidp 1UOLIBAD)I UIIJIS *3A0qe SY #1004 -00En - 9
s6q 4612
“JIISN)2 BY) Ul ))3M JUOZ ,,1004-00Ew YEUOLIdo 1yidag 1830)
JO} PA3U AUlWJIAISp 01 Juawdo)dAap J3dje Ajaielp Jysw ,0%L-
-3l pazAjeue pue pajdues 3G 01 1134 °"dAoQe SY 1UO1318A13 URIJIS “aAo0Qe sy w1004 002w - 9
sbq ,491
‘uolyes’0) alewixoldde
) 1yidan jeyo)
Siy3 Ul 113m dasp 3004-0G| B PIPUBNMOIIL SHOQ :3ILON ,
S)sw ,06-
*aAoqe sy 1UO11BAD )T UIIJIS “anoqe sy w1004 -0Glu - 9
raseq ayl

40 Adauydiyad ay3 1@ Alljenb Jaiempunolb Joyluow (4
“s3Uaipeab a1 neJpAy
pue sdew 22 uns 21433w013Ud30d JOS BlEP IPLAOIY (S
*A6010afi0UpAY 18201 d71J31%8B4BY) (2
"Y BaJY O AJIULDIA 3SEQ-}340 3yl
Ut J31eMpunoJb Jo3iuow 03} J3ISN|I ,AJIUAS, 3PLAOId (|

sbq ,221
tyidag 1230}
sw o 2y-
1UoL1BAR )T UI3JIS

*19-MW 30 1SB3IYINOS
10001 A1318uwixoidde
{AJepunoq 3seq wodj
1009 A)a1ewixosdde

‘v eady 01 U

-efpe ‘aseq jo yinos

w21GRL J31BA, - 9

9 ¥IGWNN ¥31SNTD

syidag pue
SUOL18007 1134 JOJ ajeuolley

yidag 1230)
1(u33195 j0 Wo3l3108)
UO11BAd) 3 UIIIOS

PIPUAIOIDY

uo1182%01

P401 LUOK 07
pue uotLewubisag
1197 BuiJolLuoy

(PaNuUilu0))  "2-% 378Vl

4-39



z uy/685280/¢1L -d
¢ 1ued) -asejuns punolB mojaq = s6q
"13A9) €3S ueaw @ |SW
"P3IONJIISUOI JO PI)|LIP BJ8 S) oM
Jaisn1d Aue aJojaq pabbo) pue pa)|lup 3q 1)im s3joy (1sw ,062-
30}1d "S))eM J3ISN)D U0 SUOIIBAD) UIIJIS AUIWIILIaP Uo131BA313)
pue sBo} BUL3ISIX® Yl iM uolldun(uod ut sBoy 2 !sbq ,09¢
-18AydoaB mau Buisn AB0)03BospAYy 1820) dZL1J3IdRIEY) :yidaq 1830} ‘3noqge sy 9104 10)11d - 2

"P33INJISUOD UIIQ J0U IABY S])3M JUOZ 13004 -00Cn
18U011d0 JIYIO UBADS PUR |13M IUOZ ,,1004-002w Ut

s6q ,05¢
tyidag 1e10]
fysw ,0%92- °xoJdde

Pa3dalap S1 UOljBUIWRIL0D }1 Juawadedwd Yeuollido 1U011BA313 UIBIDS “3A0Qe SY #3003 -00€w - /
sbq , /12
*JISNI Y3 Ul )]3M 3uOZ ,3004-00En BUOC1IdO tyidag 1|30])
JOJ PI3U 3ULWIIIIP 03 Juawdo13A3p JIYe A)3lelp Iysw o, 29t -
-aumil pazAjeue pue pajduwes 3q 0) 1)3M "dAoqe SY IUOL11BA313 UIIJDS “aA0Qe SY »wl004-002w - 4
“(stq ,0€1

~aseq ay3
J0 Adaydirsad ayy 18 Ajlrenb J3aiempunolb JojluOW (%
"SjuaLpeJB J11NeJPAY
pue sdew adejuns 21Jlawel1ludlod J0) BIBP APLAOCIY (€
~A6010360JpAy 1820 8Z149328JRYD (2
*uotlelblu aseq-430
1e13ualod Jolluow 03 133ISN)D L,ALIUIS, B 3PLAOId (|

sbq ,291
:yadag 1e30}
sw /8-
IUOLIBAR) I UI3LIS

40 yadap 1e30) @ pue
1SW ,JG- O UOLIBAD)I
U33JIS ® SeY (92-MW)
Qg2-MW 113M JuoZ
Butioltuow 3PP,
BuLlIsSiIXa 01 U
-elpe ‘Ajepunoq aseq
30 yinos 005 A131ew
-i1xoydde ‘ease Apnis
40 UoilJod 31sE3IYINOS

n3003-0Gln - £

Z ¥39WON ¥3L{SNTI

An syidag pue
mA SUO118207 124 4O} 3)euoliey

yidag 1e10}

1(uaaJos jo wollog)

UO{1BA3)3 UIIIIS
P3pUALOI3Y

uo138307

P3203 tUON 3uo7Z
pue uoLIsuBisag
1198 Bu1403 tuoK

(panu1iuod)  “Z-% 318Vl

4-40



g wwy/685280/¢1 -0
(ponuLIued) ‘3omy4ns punosb mojaq = s6q
“19A3] BIS Leaw = SW
sbq ,0¢82
+J31SN12 Yl U1l 113M JUOZ ,1004-Q0fw 1BUOLIdO :yxdaqg 1810}
J0j paau Jutwsalap 03 juaudo)aasp 43ije Arazelp lysw ,694-
-aumt p3zAleue pue pajdwes 3q 03 1)3M  "3dAoge sy 1UO11BA T UA3JIS -anoqe Sy #3004-002w - 8
sBq ,G8L
:yadag 18301
ysw ,6LL-
*3A0qe sy IUGLIBAI T U3IIDS “aaoqe Sy #1004-0Gin - 8
*11 YI83Uaq PIJIINIIO SBY UOLeutweluod
41 SulWJIalap pue AJIUIDIA Syl Ul pJeinbe
#31004-062n 2Y) JO JUIIX2 PUB 3INIBU 3Y) AJLIaA (g
*uo11830)
SIYl JO IS3M pue ‘1SE3 ‘JIJoU 3yl 03 PIIed0)
sa10y 30}1d 3UoT ,,1005-00Es PSOdosd JaYylo YIim
U0111134.409 diydeaB1iedls 2)1q1ssod mojie ) im
pue AB0103BoJpAy 1820} 10 BIEBP 3plAcd )1IM
UoL31EJ0] SIYl Ul 3|0y 10 1d JUOZ ,1004-00En ¥ (¥
“gL-ng
pue (g1-Mg j0 uaipedbdn) v BaJY UIIMIAG S)iaM
ButJojtuow a%e\d 1)11M UOLIBIO] SIYl Ui JIISMI ¥ (¢
*3p1J01 Y0813 UDGLBD Ajeidadss ‘sjueuiweluod
40 UOIINGIJISIP 18313J3A ple uolledBiw Jo3tuol (2 “gL-M8 JO 1SEd
~Ajuo asn 193} 00%2 A1910w
A2uabuaws 03 PaldLJIsSad 3q 0) |12M 3yl pasned sBbq ,8LL -ixosdde ‘§L-mg 30
yalym ¢|-Mg Jeau BulAow SIUBULWEIUOD 13313p cyidag 1e10i 1SeayIJou 31334 002
A19184n3%€ dJ0Ww UED UOLIBI0] SIY3 UL JIISNYD 1sw ,€6- Ayazewixoidde ‘aIseq
¥V °"CL-ME JE3U S)|3M BulJo}iucw Ou 348 YL (| HILYSY-TESE WVEENES 40 uotidod ulayinos w?)Q01 J318A, - 8

8 ¥3BWNN ¥31SNTI

2
-]
g
e syidaq pue yidag jeio] uo 118207 P3J0] LUOY o7
n" SU0131BD207 113N JO} Ijeuolley 1(uaadlds jo wollog) pue uoLITUBLISaQ
A- Uo11eAd13 U3IJIJS 1198 6uLJ0]3 LUOH
° PapuaLI0IY
- ¥
(PanU13u0l)  "2-% 38Vl

4-41



(panui3ucy)

uwy/685280/¢1-0

"9oe;4ns punosb mMojaq s6q
"1aA”) e3s ueaw = IS

ceaJe s1y) ut Ayijenb Jajempunosb

JOlLUow )1tM J3ISN1D SLy] -aseq 3yl 4o uotilod
SLY) UL (S9E-MW 119M Bullo)luow 3uOZ ,MO))EYS, JOj
1daox3) s}1amM BulJoIiUOW ou A}IU3IIND 3lte 3JaY|
“SWAISAS

UOLIDBJIINS ) BIJY pUB ( B3JY 3yl jC SSBUIALIDDS}D
3yy Jojluow 03 juted Butdwes jeuol3Lppe ue apiAoJd
ssiualpedb ornespAy

pue sdew 35B3uNS S1J33W013U330d 10} BIBP IPIAOIY
-seaJe

Paz1J312848YD- ) }3M A13A118194 OM) ISIY) UIIMIAQ
Uo(31B}34402 d1ydedaBiliedisolpAy a1qissod Ul 3SISSY
*A60193604pAy

1e20) BuipJebaJ B1BP OU S1 343yl YIlYyM J04 J BIJY
30 1Jed uJayldou pue Q BaJy 4o jued LIIYINOS Y}
UaaMIaq ,0002 Ajaiewixoudde jo 3sueisip @ SI 3Jay)

« TUOLIRA3YI UBIJDS

sBq ,921

:yidag 1e30]

isw ,89-

“des g eadsy

40 1seayinos ‘601/801L
/7201 J331SN12 jO 3sed
-yisou L0061 ‘I eIy
40 uo13Jod uJsayIIOU

‘q Bausy 30 yinos ‘aseq

40 Lvotlsod 153mMYIION wd1QUL JIIBM, - 6

6 ¥Y3IBWNN ¥31SNTD

"P339N43Suod 1O PILJp 9Je S)iaM
J33sn12 Aue 340}3q p3b60) pue pajILip 3q )1m sajoy

J011d "S)1aM JIISN|I JO4 SUOLIBAD]D UIIJIS JUILWJIIIIP

pue sboj BULISIXd Yi1im uoidun(uod uL sbo) jed

(1SW ,092- UO118A3]13)

!sbq ,0¢§

-15Aydoab mau Bulsn A6010aboupAy 18201 3zis310BJ48YI :yidag 1e10§ *aA0qQe SY 10N 301id - @
*paiIoNnuls sbq ,06§ " xoudde
-UOD U33q 10U dABY S1)3M 3u0Z ,,1004-00§ 1euoLido :yidag 110}
J3Y10 U3A3S pu® ))3M 3U0Z ,,1004-002s Ul PI3IJ333p L)ysw ,Q%2- "xoJdde
S1 UOLIBULWBIUOD §1 JUAWROE dwWd BUOLIdQ “aaoqe sy TUOLIBA3)3 UIIIDS ‘aaoqe sy #3004 -00€n - €

(PoNuULluo)) G ¥IBWNN ¥ILISNTD

syidag pue
SUOLIBIOT 19M ng sjeuolley

yidaq 19104
1(ua3J42§ 46 woi308§)
uo11eA3 13 UIIIIS

PIPUMO Y

uoL3esot PIJOl LUON SU07
pue uo11euBLSag
1188 BuyJol tuoK

(ponuL3u0])

“2-% 318Vl

4-42



cadeyuns punolb mojag = sbq

C19A3

) B3S ueaw = )sw

“6861 ‘AeW
‘uotieb13SaAU] (BIP3WAY 1Lun 3]|qeJad) J3leMPUNOUD

g eaJy 3yy Sulunp PAIINIISUOD SBM 1M Sty) :3IJON

*gaJle SIYl Ul S}jam 3uoz

1300} -002u 40 4300}-0GL, OU A)JJU2JuND 3le J3Y] (Y

“gl-M9 Wwouy Ju3Lpessdn Ayijenb Jajempunolb Jojluol (€
*s3uaLpeJtB dt)neJIpAY

pue sdew 3d84Ins 21413WO13Ud10d 10} BIBP 3pLAOId (2

*AB0)0360JpAY jBI0) 2Z1J31deuEYy] (|

"S17-MW 40 153
-yinos 31333 (92 A12iew
s6q ,5°921 1xosdde ‘g|-m8 jo 1599

:yidag je30)

1006 A131ewixoidde

nsw 207 99- ‘g vaJdy ul ‘aseq

IUOIIBA3| Y UBIIDS

40 uotydod uJsayinos

w1001 J33em, - ||

L1 ¥38WON §¥31SNTI

*PIIDNJISUOD 4O PI)LIp BJe $) )M
J231snN)2 Aue 3uoyaq pabbo) pue pal)lJp Q )M sa)0y
1071d “S)18M J21SN12 JOJ SUOLIBAD)D UIIUIS UIWIIIIP

(1Sw ,2/2- UOI1BA1T)

pue s60) BulISIXd® YiiM uoLydun(uod uL sboy 182 !sbq ,0¢¢
-15Aydoab Mau Buisn ABo)0aboJpAy 1EBI01 3Z1J31D8JRY) tyidag 1810} *aaoqe Sy J10H 1011ld - 6
sbq ,05¢ -
*PalIoNJISuU0d U3 10U IABY S)|9M IJUOT ,,1004-00%n :yidag )10} <
Jeuol1do J3Ylo UIAIS pug |)3M 3UOZ ,,3004-002: Ut lysw ,042- - xoudde /4
pPa3031ap S1 UOLlBUWRIUOD §1 JudwWddedwe |euotido 1UO11BA3) 3 UIBJIDS “aaoqge sy wl004-00€n - 6
sBg ,222
*433ISNYD 3yl Ut 118M BU0Z ,3004-00§w )euOlido 1y1dag (@104
JOJ PIdU 3ULWJIIIIP 031 juaudo)arap 4318 A1331BLP Nsw L4991 -
-Juwt pazAjeue pue pajdwes 2q O) 113M  "3A0Qe SY IUOLIBA3)I UIBIDS *3noQe sy w300} -002w 6
sBq ,g/L
:yi1dag rejoyg
Tysw Q21 -
“aA0Qe sy TUOL1EAI YT UIAIDS *3A0QQ SY wi004-0Gln - &
(PANULIUOT]) & JIBWON FILSNTD
syidag pue yidag 1ei0 uo13e207 PIJOY LUONW IO

SUO13EI0] 134 4Oy dleuoLiey

1(u3aJds 0 wo1308)
UOL1BA3}3 UDAIDS
POPUALO I3 Y

pue uoiieuBtsag
1198 BuisoliLon

(ponuLuwo)], “2-¢% 318v)




(Panu) 3uoy)

WNY/685280/51L -0

"3deyuns puno b M0o)3Q = sBq
T13A3) e3s ueaw - jsw

*3r0qe sy

*Altyenb 4a1empunosb Joltuop (4

‘Silustpeup LInedpiy
pue sdew aoejuns 31933w013us30d 4oy 81ep 3plAcyy (g
.>modowm2u>c 1230} azisayseseyy (2

‘aseq ayl 4o

Ataydisad ayy e Uoliesbiw uetiweiuos 3seq- 440
1e131ua3od Jolluow o3 J2IsMo ,Aujuas, e 3piLaolg (}

sbq , 29,
‘yidaq jejoy
ysw ,0gy -
FULIIBAZ I UadLSg ‘3A0qe sy n3004-0GL, - 9
"89-MW

sbq ,¢zy
tyadaq yeyoy
k" +55-
‘Uo1leAa 3 usaudg

#0 Winos 005 Ajazew
- txoudde ' Adepunog aseq
30 YINos ,ppg Arayew
-txosdde ‘gaie Apnis
#0 Uoliuod 3seayinog

w31q8) Jajem, - o
71 ¥3BWON ¥31SNTH

"6861 “Ami u) paBbo) pue Pai1tup sem 3oy Qsw ,44-19¢.
101td *sy1a9mM Jaisnyo J04 suolleal}a uaagas WP uoi3eaa)3y)
pue sboy Butisixa Y3em uoriounfuos ut s6oy) yes s6q ,0¢y
-15Aydoal mau Buisn xmgoomo,.ﬁx: 1820} 3Z14330000Y) ‘yadag je30) "3A0QE Sy 310" 10149 - (4
*p3ianJaisuos s6q ,05¢
U33q 10U aaey S11am auoz n10034-00¢u jRUsLIdo 43430 ‘yidag 1ejog
U3A3S pue ))am auoyz #3004 -002, IUBIPEIBIN yp Uy 1w +0%2- " x0udde
P313213p st uoryeuiwevos 31 Iuawdde|duwe Jeuoidp ‘Uotieaa)y uaasdog “asoqe sy #1004 .008, - |}
“42I5M1> 3y U1 y19M suoz u1004-00¢, 1euoyido
404 PI3u aieipawy; ou PRA3e3ipul spunoduod S1uebio sBq 05192
21131€10A 31ge319339p 40 dJuasqe ayj * Juawdo 1anap :yadag jeioy
FETY ] >.3me9§.. PazAieue pue paidues SeM )iam 2ysw 1867602 -
‘6961 ‘Aey uy P2131dwo> sem ))am SlyL  -anoge sy ‘UOLIeA313 uagsag ‘aA0qe sy ni004-002w - (1
o (Porutiwo3) T AR FITSTS
g
e syidag pug yidag jeiop uotiesonq PaJojtuoyw auoy
" SuoLie107 jyam 404 3euUotyuey I(uaauog 30 wojjog) pug uoiieuBisag
[ UoL1eA313 Uaaldg 1198 ButJ0] 1oy
" PIpUAMIWO I3y
v

(PONULIU0]) 5.y EAL:)

4-44

- .




(PaNU13u0))

2l

uniy/685280/£1 -4

caceyuns punodb mo1aq = sBq
*19A93) €3S UeIW = |SW

*ease Syl ul Buixyed) UIq pey
UL JAJSUBY] JIIBMIISEM ISEq Ayl 1eyl PIULWIIIP
sey 32404 J1y ayl AQ uoildadsul JUIdAI ¥V T(92-MW
Ul pa31d313p UIAQ OS)B dARY SJUBUIWEIUO) “pade)d
-34 3Q PINOYS PUB AJP MOU 348 S))aM ISAY] "uoL}
-BULWEIUOD JuedLiuBLS BUL1D933p Jo AJOISLYy B pey
JABY SO%-MW PUB SOZ-MW CUOLIBULWRIVL0D JAlemMpunoJb
umouy 30 waJe ue ul Altyenb Jajempunodb ol LuoW (¢
*SjUapeJdb d1nBJIpPAY
pue sdew 3384Jns I1JIBWOLIUAI0d JOJ BIBP IPLAOCIG (2
*AB0103604pAY 1820) 3ZL4aldvIRY) (|

sbq , 221
tyidag ye3ol
HE YL

IUOL1BA T UIIJIS

“SQY-MW 30 1sedyInos
1009 A1939wixoidde
‘(sBq ,064 30 yidap
19301 ® pue 18w ,(8-
30 UOL1BA2)? UIaJIS
@ sey Q92-MW) 092-Me
1131 JUOZ 3 1PPLM,
Bui3isIx? 031 Judde(pe
‘y Bagy uy ‘aseq

30 uoilsod usIYInosg

w?1QeL JIleN, - GL

Sl ¥38WNN ¥31SN1D

*pa3onaIsuod Jo pa))lip dJe s))om

423SN19 Aue aJsojaq pabbor pue palyLip 3 )1iM S3ajoy
3011d “S113M J433ISNYD JOJ SUOLIBAILI UIIIIS AUIWIIIBP
pue sBo) BulIsIX3 Lyiim uollsunfuod ul sboy 182

(sw ,052-
uo131eAd13)

sbq ,09¢

-15Aydoab mou Bulsn AB0)10360JpAY 1820) dZ1J31I8aBY]) 1yidag 1e30} ‘9dA0Qe Sy 9104 1014d - 71
s6q ,06¢
*P310NJISUOD USaQ 10U JABY S))13M 3UOZ 3004 -00En :yadag 1230}
1BUO11dO J3YIO UGADS PUB )]13M BUOZ 43004 -002, UI J)ysw ,0%2- -¥oidde
Pa12213p S| UOLIBULWEIUOD i Juswadeldwe \euolido IUOL3BA3Y3 UIIIIS "IN0QR SY w3004 -00Ew - %4
sbq ,g¢2
*J31SN)d 3yl Ul ]13M 3UOZ ,100}-00En 1BUO1Ido :yidaq je30]
JOj) Pasu autwialap 0} Juawdo)aAap JIje Ajairelp lyswo,940 -
-aual pazAjeue pue pajdwes aq 01 1138  “3A0Qe SY IUOL3IBAI |3 UIIIDS “3A0qQe Sy w3004-002n - 91
(PaMULIU0)) 9L ¥3IBWNN ¥3ILSNTD
syidag pue yidag jeiol uotiledo) PIJOJIUON UO?

SUOI1BI07 )19 104 3)euolley

1(U33J2s §9 wollog)

U0 11BA3)3 UIIIOS
papUAMLOIIY

pue uotliwuBisag
1198 SU1J03 1UOM

(panutiuol) "gZ-4 319Vl

4-45




= ane

£l WY /685200/51 - @

¢ Hvon '9384uns puUNoJB Mojaq = s8q

T13A3) @335 vedw = |y

‘UCLIdNJIISUOD |)am 3J0j3q 3j0yas0q ay;
40 BuUi660] mo)je o3 AJe3oy pruis Buisn PV tip aq
1M 1M s1yy -ABo10abouphy 1830) 3z24J23080my3 (g

"2 B3Iy u) auoz #3004 -00¢,, 3yl o3 pa18uBlu aaey “L%1/0%1/651 431sn)>
L71-MW Ut paysajap SjusuiweIu0d 4| utwadyap o) (2 s6q ,gi¢ 1198 BULISIX3 03 juas
"Jpue g ‘yadag teiog -elpe ‘g eauy 4o Yidou
SE3sY UIBMIAG BBJe 243 ul puelinbe 1#3004-062,, ISW ,ge2- ‘D sauy o yinos ‘sseq
U1 Yaeag woay A3y jend 1918MPUNOIEG Jo3tuoy (| (UoL1eAd) 3 udvJaIg $0 Uoliuod 1s3myinog »3004-00¢, - 4§

LU 63w TR

"P213N415U0d 4o PaYyiap aue syjon

Jaisnio Aue 3Joj3q pabbo| pue PRI1LIP 3q 111m s3joy Qsw ,062-
30114 "s119m ya3snyo JO4 SUOL3BA3S UIJIS uuwIzap uoileasy3)
pue sbo) Buiisixa Y3tm vor3ounfuos ut s60) e s6q ,09¢
- 15Aydoat mau Buisn >ao.ommo._v>c 1830) az14333v48Yy) ‘yadag jejop ‘3A0Qe sy 3100 1014 - Sl
sbq 0S¢
‘P3319NJ3sU02 Uaaq jJou IARY S))amM 3uoz 13004 -00¢), ‘yidag yejo0y
jeuc(1do 1aylo usaas fue 1yam auoz 0300} .002, UL 21sw ,092- - xoudde
P313313p st woizeutweiuos $1 Juswaoe dus jeuotidg ‘Uo1leAd )3 uaadog “9A0qe Sy #1004-00€n - ¢y
s6q .qy7
"491SN1 ayy UL yiam asuoz nl004-00¢w 1euo(ido 14yidag jejof
J04 pasu auiwudIap 0) Judwdo 1aaap Jayje A1aqep J1sw 10y -
-l pazAyeue pue pajdues 3G 03 118M aaoge sy ‘UoL1RA9Y3 uaduag ‘asoqe sy #300}.002, - ¢}
(Panu1Ivog) oY JIBWNN J31SMH
syidag pue yidag 1e30) uo11e20 PaJdoyuoy auoz
SUO13BI07T 1198 Joy areuolley I(uaauas jo wo13og) PuUR UoLIeuBtsag
UOL1E8A3 13 uaauag 113m 6u1J03 1Uoy
POPUNMICI Y

(PanULU0Y) 2.4 37gy)

4-66

—_——— - -




(panu13uo))

“32844Nn8 punoJB mo)aq = sBq

"19A3] B3S UBIW = 15w

*M0}3q passnNIsIp
S1 pue ‘\1sSW 9Zi{- O3 90l Si 1BAIIIUL PIUIIJIIS

JaMO) 3Yl 991 -M3 AQ PIUIIIIS ]9AJIIUL Jaddn

3yl SI Yd1ym ISw /- 03 09- 4O IWALIIUL Iy Jojluow
PINOM 4| JIQUNN JIISN|D UL )13M JUOZ ,3004-0GLw @Yl
*S1)aM UO1IJBJIXI Y} O ISaM IY) 03 s)iam Buluol

LUoW JO YJB) B S1 3J3YI AJ1IUIIIND  °SUOLIVJIUIDIUOD
JUBUIWEBIUOD JO SPUIL] )YOWJ] PUR WIISAS Iyl jo IuoZ
aJnided ayl aurjep diay 1114 31 ‘AjYedijioads lwaisAs
UOIIOBJIND WIJIIUL I GIUY Y} IICNIBAI 0) wIep Iptacyd
01 papualul SI Gl JIQWNN JIISN)) )1am BuiJsoILUOK

s8q ,0%l
tyidag 1930}
‘18w ,0/-

TUOLIRAD)I UIIIDS

“LEL/9EL-AN J318N)D
40 1samyzJuou ,0G7
Aldiewixoidde ‘99| -n3
40 18anyInos ,0G/
Aj@iewixosdde ') wauy

wd1QeL JBI8AR, - 61
61 ¥IGWAN ¥3L

“P31JNJIISUOD JO PIJ11Jp 3J8 S} 3M

J318N)2 Aue 2J043q paBBo) pue pPaLJdp 3q )IN S0y
J01ld "S119M JIISN|I U0 SUCLIVAI)I UIIJIIS AUIWIAP
pue sBoy} BULISIXd YilM uOLIdUNfuOd Ul sBo) @)
-18AydoaB mau Buisn ABojoaBoupAy 1830) Iz1i33d048Y)

(1sw ,062-
UO1318A313)
868q ,09¢
tyadag 1930}

‘aaoqe sy

2100 20114 - 8I

*RIIE Sy} UL NJOM
-13u BulJojiuow Iyl uyr ded jetieds ® Ajjuasund
S| jeym ul BulJoliuow Aj1jenb JajempunolB MoV (9
"WIISAS UOLIIRIIXD @
BIJY 3yl JO IouRWIOIad Yyl BULIENIBAD UL ISISSY (f
*S3UILPRIB D1 )NRIPAY
pue sdew Ioejuns d143awolludlod Joj wIEp IPLAOId (2
*sauoz Bultojtiuow ,daap, pue
w?1PP LU, 34l 03 PIJedwod UIYM JUIIXD 1BIJR JALS
-UIXI IJOW PUB SUDLIVJIIUIIUOD JIIRIUB A1aA11R)ad
18 paloalap St auoz BULJIOIIUOW MO))BYS Iyl Ul
Uolleu weluod ‘8a48 ApNis Iyl JO uolidod S1yl U] (}

sBq ,221
1yydag 1930}
Lisw ,2Y-
IUOLIRAD)I UIIJIOS

cAlaat

-1dadsau | y0|-AN pue
6L0L-AN 8))}3m Juoz
BULJOTIUOE LMO| RS,
BULISIXd JO IsEaylIJou
1006 PuUe 31s3Ayinos
100€t Arelewixoudde
‘OLOL-AW 1138 Buluol
- lUCW 3UOZ L3 1pPPiN,
BuLisiXd 0) jJuIde(pe
‘aseq j0 3IsamyjJou
(0001 A193ewxoiddy

w?)qul JIIGA. - G|

[-TSEELCUUBRREL]

syidag pue
SUO1EJ07 13X 4O djBuUOLIEY

yidag 1e10)
I(u3aJss jo wollog)
UO1318A3}3 UIIJIIS

pIpuawwoday

uo139307

paJoliuon suo?
pues uoiieuBissq
Y19A BujJol1uoN

(panuLiuol) “2-% 318V1

4-47




RADIAN
COMPORATION

(panutiuol)

St

yif/ege0tt/st-a

c329j)uns punolB molaq = sSBq
C19A3] B38 UBW = |SW

"Yinos BuLlBJBIW MOU SI YILYM JUOTZ ,31QEB3 JI1EM,
‘mojreys ayl ul awn)d jusuiweluod JIIBMPUNOJIB Y3
30 3Bpa uJIISINYINOS Y] IjeaulaIp dyiay os|e pinom
119M 31Ge) J31eM, S1Y] "~(3A0QE 23S) WIISAS uUOI|l
-2BJIND WIJIIUL J BIJY Y Yl BULIPNIRAI JO, BIEP
apiaodd 03 pIPUIIUL SI (Z JIQUNN IIBN)I 119

s8q ,¢11
tyidag ®i04
Iysw ,6G-
HILYSUZE S T ENETS

17
Buipiing 03 1udde(pe
‘LYL/09L-MW 30 183M 006

Ajy3iewixouddy ‘) sauy nd\1QeL J9IOA, - 02

02 YIGNNN B3LSNTD

“PIIONIISUOD U0 PIVILJp 48 S)|am
JaisN)d Aue 34043q paBBo) pur PIYLIp 3G 11tm s3I oy
1011d "S)119M JIISN|D JOJ SUOIIBA D UIIJIS JULWIIIIP
pue sBo) BULISIXd yIim uolIdunfuod ul sBo) 1@d
-18AydoaB mau Buisn ABojoaBoupAy 1820 IZ1JIIdWJRY])

(1sw ,062-
Uo118A313)
s8q ,09¢
:yidaqg 930}

*PIIINJIBUOD UIIQ I0U IABY S|)9M JUOZ 100} -00Ew
18U0131d0 JIYIO UIAIS PUR ) ]IM IUOTZ ,3004-002w UL
Pa123319p S| UOLIBULIWEIUOD j| JuWIIW|dwd U0 |3dD

sBq ,05¢
:yidag jeio}
f1sw ,0%2- °xoudde
IUOLIBA )T UIIJDS

"JP3ISNYI Y Ul 1IN IUOZ ,1004-00Cw
19UC11do JO§ PIFU IULWIIIIP 01 VWD |IAIP 133}@
A1saeipauww; pazAjeue pue p3|dwes aq 03 1aM  "2CL-M3
30 (184 9/ ¢li- 03 ,9/°£0L-) 19AJIIUL UIIJIIS Y)Y

Pu® %%L-MA3 jo (18W 9Z|- O3 ,90l-) 19AIIIUL UIIIDS
JIMO) B3 ULYIIM 8L yoLym 18w ,02L- O3 ,0LL- 30
18AJ33UL Y] JOJLuoW PINOM |]3M IJUOZ ,1004-002n 3YL

s6q 081
:yadag w30}
f1sw ,021-
IUOLIBART UIIIDS

*3A0Qe sy J)0H 20)1d - 61
caAoqe sy w1005 -00¢s - 61
‘dA0Qe sy #1004-06ln - &I

(panui3uol) §1 BIAWNNN FII5NTD

syydag pue
SUO11BI0Y 1}9M JO I|RUOLIRY

yadag 1e10)

!(U9a43S 0 wo3l30g)

UO11RAD) I UIIIOS
papuaumc 23y

uoi3ed07 paJojjuoy suo?
pus uojisuBiseq

1198 BuiJoliluoy

(panuijuc)) -2-9% 3149vi

4-48




9 uny/685280/¢L -0
(panui3ued) -adesuns punosB mo)aq = s6q
*19A9] @35 e = W
*yinos BulyesBlw MOU S1 YOI JUOZ ,91Q8) JIIBN,,
#o}i8Ys Y3 U} aund JueuweIU0D Jai1empunoJb "€t
Yy 40 96P3 ISEIYINOS Y] 218U 1IP dyay os\e sbq ,GLL 40 1sanyiiou ,000L
Aew ))am 21083 J3IeM, SiUL ‘WAISAS UOLIIBIIXD :yidag 1830} pue SEL/yEL/EEL-M
WLJaUL J B3IV Y1 jo dleneAd 03 eyep aplaoud lysw ,66- 40 3SBAYINOS ,00.

03 Papualul S |2 JAQUNN J3ISN] 113N 6u1J011UOK

IUO11BAD T USDIDS

Ayajewixosdde ') wauy

w2101 J21%Aw - |2

{2 d38WON ¥31SN1D

*P31INJISUOI JO P31 LJp 348 ST )M
1231SN)2 Aue 24033q pabbo) pue Pa1LJp 3 11N sa)oy
10714 “S))3M JIISN]D JOJ SUOIIBAR)D UIIDS EYIUNEST )
pue s60) GULISIXD YlLM uotyounfluod uy sboy 182
-1sAydoab mau Bu)sn AB0)00B0JpAY 1890) 3Z}143378JEYD

(ysw ,062-
uot1eAa13)
s6q (09%

1yadaq 1830}

~aA0Q8 SV

9104 3014d - 02

pa15nJ1SUCD USAQ J0U IABY S]119M 3UOZ 41004 -00%w
TeUO13d0 J3YI0 UIASS pue 13M 302 w100} -002wn Ut
PIIIIIP S| UoLlBULWRIUOD 4L Juawede|dwa jeuotido

sBq ,05¢
:yidag 18310}
!ysw ,0%2- "xoJdde
1UO11BA3 |3 UIIIIS

-anoqe SV

w1004-00€» - 02

©Jaysn|o 3yl ui
119M 3U0Z 3004 -00%n youO13d0 J0) PIBU SUIWIIIP O3
Juawdo(3Aap J2148 Ajd3leipaumit pazAjeue pue pajdues
2q 03 119M “(I1SW ,6%°g8L- 01 ,SYTELL-) LYL-A3 3O
jeAJ33UL UDRLIS BY) Buisoltuow Butpniauy ‘anoqe Sy

sbq ,092
:yidag 1e30)
fysw ,08)-

1UC11BA313 UIIIDS

*aAdqe SY

w1004-002wn - 02

“(1Sw 2% EEL- 03 297€2Ll-) OYL-M3 4O
1BAJ3IUL U39JDS Ay} Buito3tuow Buipn)dutL 'anoqe sy

sbq ,061
1y3dag 1910}
Jysw ,0€L-
HUSBLIERERVEENEE

*aAoqe SY

(paNuU13U0))

3004 -0Sln - 02

e me———————

D2 338WON ¥31SNT)

syidag pue
SUOL1E07 }]13M JOj 310UOLINY

ydag jelof
1(Ua2435 0 WO1308)
U011BA3 1T U34S

PAPUALOIIY

uo138207

PIJO) LUOK Uo7
pus uoyleuBisag
1190 Butsoltuoy

(panuiuol) "2Z-% 318vVL

4-49




—

21 uwy/685280/51 -0
¢ 13400 ‘9094nS punoJB Mo)3g = 8B
T19A9) RIS LS = o
"PIIONIISUOT 10 P3| 1IP 3Je S|)om
421SN12 Aue a40}3q pasbo| pue P211t4p 39 111m sajoy Qsw ,062-
101id °"S113M JIISN|D JO4 SUOLIBAR)D UDJIS UWIIIP tU0LIBAD)I)
pue s60} 6uLISIXD Y3IM uot3ounfuos ut sBo) (83 s6q ,09¢

- 15Aydoab mau 6uisn AB0)03604pAY 1820 T 143308IBY) tyidaq 1e810) “3Aoge sy 2104 30114 - |2
s6q ,05¢
"PIIINJIISUCD UG J0U dARY S)1aM Juo2 13003 -00€n 14ydag )eio)
18UC(1d0 JBYIO UIA3S pue |]aM Bu0Z 13004 -002, Ul !ysw ,0%2- ‘xoidde
P313313p st uolleuiweIuod 4t Juswade dud teuo3dg TUOL1BAd 1T UIIJDS "In0ge sy nl00§-00€n - |2
T43ISM1O BY3 UL 119 3U0Z ,,3005-00E. |BUC(1d0
404 P33V ButwIL1ap 0) Juswdo|3AIp Ja34e LSECIT
-} pazAjeue pue pajdues aq 01 113N '3 eady 4o sbq ,0%2
suoiydod sadaap ayz ui aunyd ueuIweUOD J31EMPUNO.IE tyydag jesoj
3yl jo 3bpa 3seayynos sy Butyeaur jap Butpniout lysw , 08¢ -
(dA0qe 33s) waIsAs uotldesixa widdlug 9 eady aenjeay 1UCLIeAT T UIILIS *3A0qe sy n3004-0020 - (2
“Qsw ,2y°ggl- 03 ,29°g21-)
G71-K3 jo 1eAJ23UL u3BLIS YL BuLJo] LuoW pue auoz s6q ,061
ni004-002w 343 Ul auwnid jueulwRIUGCH Ja1empuno.ab :y3daqg 1e30}
3y1 jo 36pa 31seayznos ayy Butzesauijap Buipniouy Jsw ,0¢ -
(3A0ge 335) WaISAS uot1oBaIXa WUl J eaJdy aienjeay JUDL1BAD 3 UIDIDS “aAoqe sy n3003-002u - 12
(panuliuol) TZ w3awN B31SNT3
syidaqg pue yidag jeio] uoL31es0y P3JOJtUOH JuoZ

SUOL1BI07 ()3 Joy 3jeuolyey

‘(uaaJoag jo wo3log)
UOLIBAD |3 UIJDS
papuauLIo 39y

pue uoileuBisag
1198 BulJ03 tuo

(Panutiuol) -z.4 3igyi

4-50




(panuiuo))

81

Uy /685280/€1 -0

*3%844ns punoJB mojaq = sBq
T19A3) @98 oW = 1w

*3uoz BULJO] (UOW PPLW IY) IAOGE FUOZ

31qeawsad sS3Y 40 AJ(A(IINPUOI I INBIPAY 183(343A
3UWJAIIP 03 PaIOANPUOD 3q 1)IM IBYI 1S3 Jajtnbe
1124-31d13 10w JO} S)13M UOLIBAIISQO 13A3]-JaleN

sBq , 50l
1yadag 1e30)
Jsw o, 69-
tUOL1BAD)3 Ud3JIS

‘921-Ad wody ,0G A)9lew
-1xo4dde (g eady) 2i1§
1831 Jajinby 1 aseyq

t-2d - €2

§£2 YIGWON ¥31SHTI

‘PIIIANJIISUOD 4O PIY|LJp 3JB S)}am

431sn15 Aue su043q pabBn) pue pajiLip aq 1118 s3joy
101td "S1)3M J3ISN]I JO4 SUOLIBAD)D UIBJIS BULWIIIIP
pue sBoj BuLlSIX3d yiim uoi3ounfuod uy sBo) 182
-1SAydoab mau Buisn A601036oJpAy 1830 3z1433%040Y)

Q1sw ,062-
Uo118A313)
s6q ,09¢

:yadag 1eao0)

“aAoqe sy

910H 20114 - 22

"PAIINIISUOD UIAQ J0U IABY S]|IM IUOZ ,,1004-00Sk
18u013do J43Y10 UBA3S pue }19M 0T 0300} -00Zn Ut
P313333p S| uocijeulweluod I JUSWRIE AW |BuOtIdD

sbq ,06¢
1yadag 1910}
lisw ,0%2- "xoudde
tUOLIBAR13 UIIJIS

*aroqe sy

#1004 -00fw - 22

*J3ISN}3 Y3 UL )3mM auoz

n3004-00¢n 10U0LIdO 104 PI3U JUIWIIAP 03 Juawdo
-19A3p 4318 Alareipounms) pazAieue pue paidues aq o3
119 “(I1SW ,C9°gQL- 03 ,69°€/1-) L9L-M3 0 1BAIAIUL
PaU33J3s §43 Jojtuow )M 113M S1YI ‘Ay1edlyidads
“(61 JIQUNN J331SN)) 33S) WAISAS UOLI1IBJING I ealy
343 jo 918njeAd 01 Biep aplaosd 03 papualul st
‘2Y1L-AW 113M BUIISIX3 Y1tM UOLIUNTUOD UL *1yam s1y)

sbq ,092
tyidag je10)
fsw ,081-
TUOLIBAD LTI U33JDS

“LYL/091-n3

30 1593 ,00¢ A)areuw
-ixoidde !(sBq ,0gi 40
yidap 18301 € pue ‘s
1957221 - 40 UOLlIBA3)D
U33JOS © sey 29| -mW)
291-MW Buiisixa

0} uldeipe ‘) wasy

»3004-002n - 22
22 ¥3aWN 11

syidag pue
SUOL3IeJ07 113N JOy 3j8UOL3EY

yidag 1e30§

{(u3aJlas jo wollog)

UOLIBAD)3 USDJDS
PapuUA0I3Y

Uo138307

PaJo3iuoN auoz
pus uoiIRuBLSag
1138 Bulioy tuoy

(panu13uol)  “2-49 31avi

4-51

{




-

+ Ry =

61 uy/685280/%1t -G
¢ 13ued) ‘328448 pUnoJB MOjaq = sBq
“19A9] €38 UWeaw = sw
s6q , 592
1yadag \eioy
Nisw 681 -
Tanoqe sy tUO131BAD) 3 UaIJDS ‘aA0qe sy 9-2d - 92
*pJerinbe s6q ,q/2
11004062 2)qeawsad $S3) Jo A31A13IINPUOD 1BI13uBA tyadag jeio0f
SULWJ13p 03 PIIANPUOI 3q )1IM JBYI 1S31 J4a3jinbe swo,612- ‘LYL-MW wos) 3233 g
119M-31d 131N 0} S]13M UO(3IBAJISQO 19A3 ] -J3reH tUO(JBAD |3 UIIJIS Ayalewsxosdde ‘3 easy G-2d - 2
Y ¥ ¥31S0
sbq 061
‘yadag je30)
fisw L,0€L-
“aAoqge sy SUOLIBAB Y UB3JIS ‘dA0Qe sy ¥-2d - €2
s6q ,091
‘yidaqg 1e101
fysw ,004
*sA0Qe Sy IUOLIBAR1] UIRJDS ‘anoqe sy €-2d - €2
sbq ,c21
tyidag 1830}
isw ,69-
"3A0QE Sy ucomum\’w“w UaadJds *dnoge sy 2-2d - mN
(PaNULIL0)) €2 WIBWON ¥3LSNTH
syidag pue yidag 1eiog u0118207 paJ0liuoN Uo7z

SU01318207 1)apM JOj 3jeuoiley

I(uaalds 40 woiiog)

UOL1BAD) I UJDS
P3pUAOI3 Y

pue uoLeuBiLsag
1191 BulJo) tuoy

(panutiuo)) -2-4 31gv)

4-52



(panu13uol)

0e

usny/685280/¢L -0

sBq
Tsw

*adeyJns punoJb M013q
*]3A3] &3S ueaw

-anoqe sy

s6q , 591
:y3dag 1830
Tysw ,06-
1UO13BA)] USDJIS

-anoqe sy 24-2d - %

*W31SAS U0L108JIXI
7 BaJY Iyl IIEN]BAS 01 S13A3) JIIBM JOJ|UOK

sbq ,001
:yadsg 1830y
fysw ,6y-
IUDI3IBA3)I UDDJIS

‘BEL-MW
03 juadelpe ) eduy L1L-24 - 92

-aA0qe SV

s6q ,0.2
:yidaq 1B30)
f1sw ,012-
1UOL1BAD )T UIIJDS

*3noqe sy oL-2d - 22

‘anoqe sy

sbq ,0SL
:yidag 1810]
fysw ,06-
TUOLIBARYT L3BJIS

-anoqe SY 6-2d - %2

-anoqe s¥

sbq ,061
:yadag (e30]
fysw ,0€L-
IUO13BA313 UBIIOS

*aA0Qe SY 9-2d - %2

*3n0qQe SY

séq ,012
:yadag 18101
Jysw L0681 -
1UO13BAR) 3 UIIIIS

*3A0Q8 SY 1-14 - 9

(PonULILO)) %2 ¥IBWNN ¥31SNTD

syidaq pue
SUO131e307 |1aM Joj djeuoiley

yidag 12304
1(U334IS 40 w03308)
UO1BAR]] UIBJIS
PAPUANO Y

uol1e201 PIJ03 LUOK 07
pue uoileuBisag
1138 Buliolruon

(panutlijuol) °2-% 378Vl

4-53



12 uy/685280/¢1 -0
(penuiiuo)l)
saoeuns punosB mojaq = sbq
*19A3) @3S URAM = SW
s6q , G4
‘yadag 18301
lysw ,04-
"aaoge sy IUOLIBAD YT UIIJDS ‘aAoqe sy 8l-2d
s6q ,001
:yidag 1e10] “1YL-M3/091-M3 j0
1sw o, 6y- 1S3MYIN0s 31333 009 A)
"aAoge Sy {UO11BAD |3 Ua3JIIS -ajewixoldde ! eauy 21-2d - 72
sbq ,012
tyidag 1e30§
‘1sw ,06L-
*aAoge sy 1UOLIBA3)T UIIIDS -aA0qQe sy 91-2d - 92
sbq ,g91
:yidag 1930]
ysw ,06-
*aaoqe sy IUOLIBAR]I U33JIS *aA0qe sy S1-2d - 92
sbq , 001
:y3dag 1R300} “LyL-m3/0%L-13
Hysw o, 6h- 40 3583 133} 062 A}
*aAoqe sy HUCTRUTERS- RVEE VLTS -ajewtxosdde !J easy 91-2d - 92
s6q ,691
:yadag 18304
HE IR “291 -t
*aAoqe sy IUOLIBAI YT US3JDS 03 uadelpe ) eauy €1-2d - 92

(P3nU11U03)

92 ¥3IBWNN ¥3L1SNTI

syidaq pue
sUO11EBJ07 )94 JO) dleuoiley

yidag 1e10g
1(ud3uIs JO wo1,08)
UO11BA3 ]I UIIIIS

papUAUO23 Y

uo 1318307

P3JOYIUOW W07
pue uoijeuBisag
1131 BulJoliuon

(panuLiuo)l)  “2-% 318vV1

4-54



(PanuLIuo))

22

uwy/685280/€L -0

caoejuns punoJB moyaq = sbq
“19A9) 8IS UMW z |SW

*aA0Qe

SY

sbq ,6yL
:yidag 1830}
lysw ,06-
IUOL1BA3 |3 U33UOS

*3Aoqe sy

92-2d - 72

*.A0qe

Sy

s6q9 ,001
tyidag 1e10]
Hisw ,6y-
tUOL1BAd )T UIBJIDS

“9%1-K83 40 1Sam 193y
-ajewtxoydde ‘9 easy

*anoqe

sy

sbq ,012
:yadag 1|30}
Jysw L0461 -
IUCLIBAI)Y UIBJDS

“anoge sy

22-2d - %

-anoqe

Sy

s6q ,561
:yadaq j210]
f1su 6L
1UOLIBAI YT UIILOS

“aaoGe sy

12-24 -

- anoqe

SY

s6q ,001
1y3dag je104
sw,6Y-
1UOLIBA |3 U3IIOS

“191-K3/0%1-M3

40 1SaM 3333 00¢ A
-91ewxosdde !) eady

02-2d - %2

*anoqe

sbq ,012
1yadaq 1e1io0t
Jysw L0618 -
TUOL1BAI T USIJIOS

‘aA0Qe SY

(panu13u0))

6l-2d - %2

92 ¥3IOWON ¥ILSNTI

syidaq pus
SUOL1eD07 | 19N JOj djeuotiey

yidag yeio0}

!(u3aJlas 4o woylog)

UOL1BA3)3 UIJDS
P3puUMWOIIY

uo 1318501

pP3J0)1UoN 07
pue uoyieuBisag
1198 6uiJOYtUON

(panuiiuo))  "2-% 378Vl

4-55




4

wsy/685280/¢1 -0

(ponui3u0d) *adejuns punoJb Mo1aq = sBq
©13A3) B3s uBAW = |SW
sbq , 591
1yadag ye304
‘1sw ,06-
“aA0Qe SV 1U013BA9]3 UIBJDS ‘aA0Qe SY 0£-2d - 92
sbq ,001
:yadag 1e30} WAYEL,T]
Nisw o, gy- 30 359M 1334 00§ A1
*aAoqe Sy HUJB1-7ERF NVEENETS -21ewixoJdde ‘) eauy 62-24 - %2
sbq ,012
‘yadag 1e30)
ysw o ,Q6L-
“3A0Qe sy 1UOL3BA3 )3 U3AJIS "IA0qge sy 82-2d - %2
sbq ,051L
:yidaq je30}
Jsw ,06-
"aA0qQe SY TUOL1BAD)I UIIJIIS *anoge sy 12-2d - %2
s6q ,001
:yidag 1e10) "9yl -m3
sw ,Gy- 40 153M 1334 007 A\
*anoge sy IUOLIRAD)T U3IIDS -a1ewixosdde !} eauy 92-2d - %2
sbq ,012
:yadag 1e310]
fisw Q6L -
*aAoqe sy IUOLIBAI )T UIILIS ‘aaoqe sy 62-Id - %2
(P3NULIU0)) 92 ¥IEWNN ¥31SNTI
syidag pue yidag jea0y u011e397 paJoltuoy 07

SUO11E707 ))3M JOj 3)euolley

I(u33Jos o woljog)
UOL1RAD13 UI3JIOS
P3IpUBMWWO I3 Y

pue vo3euBisag
1128 BuiJoliuon

(panu1luo))  "Z-% 318Vl

4-56



2 wuy/6952807¢1 -0
¢ 1ue) ‘a3eyuns punoJs mojaq = 69
“)IAI) BIS LB = |SW
*A60Y02B0JIPAY 1820) 3Z1491dRIRY) (§
taseq ayl jo sbq ogL ‘3seq syl jo Asepunoq
430400 UJ3ISE3YINOS 3yy Ul Ayijenb Jdjem sojruop (2 :yadag (e3i0) Iseay3nos ay3 Buoje
“SUC13J341Ip \sw gg- 02-M8 jo 3IsEayInos
MO)} 191BMPUNCUE BL1}OP O3 Blep 3P1AOUd (1 IUOLIBAI)I UIIJIS /0091 A)a1ewixo.iddy #R)QRL JIIOM, - 92
92 ¥3IAWN ¥31SATI
sbq ,012
tyadaq ye1o0g a2Z-M
‘1w ,061- pue (£L-MW 02
“aA0qe Sy IUOLIBA3 )T UIILDS wldefpe ‘) vaJy ye-2d - 92
sbq ,012
:y1dag 1e30}
HE T4
‘aaoge sy tUOLIBASYI UIIIIS *IAOQR SY €€-2d - 2
s6q g4l
1y3dag ei0] “u9i-m3
lisw ,06- 30 YyiJou 3333 00f Al
“aaoqe sy IUOL1BA3]] UIBIDS -ajewyxoidde ‘) eIy 25-2d - %2
s6q ,012
:y3dag jei0)
Lysw ,p64-
“aAoQe sy fU0LIBAS]T LUIIINS -anoqe Sy 1§-2d - %2

(panu13u0)) 92 ¥IEWNN §31SNTD

syidaq pue
SU0L18307 })aM JO4 I)Buoiiey

yidag (@30}
{(u33Jas o wollog)
UOL1BA3)T USIIOS

PapuauwoIaY

uat1e20y PaJo] LUON Uo7
pug uoiLIRuBLsag
119 ButJol tuoy

(panuLiu0))  *2-% 318v)

4-57




j74 WY/ 685280/51 -0
"30844ns pUNOUB MoYaq = sfq
“19A3] @3S UBaw - 19w
‘Pa1onLIsuos go Palitip aue syiom
J31sn)2 Aue 3Jo0jaq p366o) pue P31114p 3g 1) 1M s3j0y (1sw pyz-
101td "sy)am Jaisn)o 40} SU0I1RA312 UIBIIS ALwIa3ap IU011BAd]3)
pue sbo) Butisixa Yiim uollsunfuoa ut sboy jes ’sbq 09¢
-15Aydoat mau Buisn AB0)ozBouphy 1830} 3z14332808Y) 1y3dag jejo) “aaoqge sy S10H 10114 - 92
sbq ,0s¢
"PRINIISUO3 UIlg Jou 3\BY S))aM duoz #3004 -00S,, ‘yidag jelo0}
1euo(1do J4ayjo uaaas Pue y)amM auoz n1004-002, Ui Hysw 092 *xoudde
P33233a3p s} Uo 1 jeuweyuo: 4! uaweoe dwa 18uo13dg ‘uollera3 uaauog ‘3A0qe sy n1004-00€w - 92
Qsw ,042-
*433I8N13 By3 UL 119M suoz n3004-00€u 18UO L 3do U0 (18A3)3)
J0 U 3U1WI213p 01 L.audoiana Jayje Araze)
3 po ! P 19A3p e Ayajerp s6u gg| -
-uk( pazAjeue pue ps|dwes 39 91 11aM  -aAoqe sy ‘yidaq je30) *9A0Qe SY n3004-0020 - 92
ség o/t
1yidaq yejo)
SENE
*anoqe sy *UOL3BA3}3 uaauds *3A0Qe Sy #3004-0GLy - 92
(panuLIu0y) J7 438NN ¥ILSATI
syidag pue Yyadag jeioj uo13es01 p9J03(uoN Ju0?

SUO11BI07 q1am 4y 3jeuot ey

HOTENEN 40 wojilog)
Uo13eAd}3 Udalodg
Papuauosay

PUe uorleuBisag
1194 Suiio) juoy

(panutiuoy) a.4 318v1

4-58




-

5.0 SCOPE OF WORK

As part of the Remedial Investigation/Feasibility Study (RI/FS)
process at McCleilan AFB a Preliminary Groundwater Operable Unit Remedial
Investigation (RL) (Hydrogeologic Assessment) will be conducted. The purpose
of this work is to provide a hydrogeologic framework from which the extent and
magnitude of groundwater contamination and the need for remediation can be
evaluated when supplemented by more local data. The field data collected
during the Hydrogeologic Assessment will be evaluated and compared to hydro-
geologic data acquired during past phases of the Installation Restoration
Program (TIRT} The data will be used to determine potential groundwater
operable units areas. The hydrogeologic data needs, as presented in Section

/

4.6, will be fulfilled as a result of this work.

The McClellan AFB Preliminary Groundwater Operable Unit RI (Hydro-

geologic Assessment) will result in:

. Better definition of the subsurface distribution of permeable
sediments which may represent preferred migration paths for

contaminants;

* Determination of the extent and integrity of confining zones

which could impede downward migration of contaminants;

. Quantification of aquifer parameters, including ~vertical

hydraulic ronductivity values for aquitards;
. Determination of the impact of on-base water supply wells on
hydraulic gredients and groundwater flow directions botl

horizontally and vertically;

. Installation of groundwater monitoring wells from which samples

can be taken and analyzed to further delineate water quality;

D-13/082889/hmm 5-1



. A more complete understanding of the extent of groundwater
contamination and the physical characteristics which will

affect remediation alternatives; and

. Based on the understanding of the extent of contamination and
physical characteristics, define any areas which may require

groundwater operable unit investigations.

The scope of the Preliminary Groundwater Operable Unit RI (Hydrogeo-
logic Assessment) has been designed to meet these general data requirements.
The scope of work will include: the drilling and logging of exploratory
boreholes; the installation of wells to monitor groundwater quality and
hydraulic head; single- and multiple-well aquifer tests; and groundwater

sampling, analysis, and evaluation of analytical data.

The remainder ot this section describes the field and data evalua-
tion activities that will be conducted during the Preliminary Groundwater
Operable Unit RI (Hydrogeologic Assessment). The McClellan AFB RI/FS Quality
Assurance Project Plan (QAPP) (Radian, October 1988) describes the methcdolo-
gies and protocols to be followed during the field work that will be conducted
during the Preliminary Groundwater Operable Unit RI (Hydrogeologic Assess-
ment). The QAPP is referenced where appropriate in the following sections.
However, field procedures developed specifically for the Hydrogeologic Assess-

ment are described in detail.

5.1 Organization of Effort

The RI/FS effort being conducted at McClellan AFB has been designed
to identify and remediate any hazardous contaminants that may have migrated to
the environment. This section describes how this sampling and analysis plan

fits within the RI/FS effort.
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5.1.1 Operable Units

For the purposes of the RI/FS being conducted at McClellan AFB,
individual potential waste storage and disposal locations may be grouped in
potential operable units pending further study. Investigation and evaluation
will be conducted on a location-specific basis as part of the Preliminary
Pathways Assessment to further define operable units. The Preliminary Ground-
water Operable Unit RI Hydrogeologic Assessment) will not address conditions
at individual waste storage and disposal locations, but will attempt to
determine potential groundwater operable unit areas by strategically locating
monitoring wells and collecting hydrogeologic and water quality data from the

wells.

5.1.2 Combined Site Investigations

Site investigations that would be conducted concurrently with the
Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment) have not
been scheduled. The Groundwater Contaminant Source Investigation Sampling and
Analysis Plan, formerly called the Groundwater Pathways Assessment Work Plan,

is currently in preparation.

5.2 General Discussion of Integrated IRP Tasks

Section 5.2 presents the tasks to be completed during the Prelimi-
nary Groundwater Operable Unit RI (Hydrogeologic Assessment) and the tech-
niques and/or methodologies that will be used. In general, the tasks may be
grouped into field and data evaluation tasks. Sections 5.2.1 and 5.2.2

describe how the field activities and data evaluation will be conducted,

respectively.
5.2.1 Field-Related Tasks

Tue technical scope of work and wethodologies tc te used Jduring the

field work required for the Preliminary Groundwater Operable Unit RI (Hydro
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geologic Assessment) are presented in the following subsections. Field work
will include drilling, borehole lithologic logging, geophysical surveys,
monitoring well construction, well location and elevation surveying, and
conducting single- and multiple-well aquifer tests. Field activities are

summaried in Table 5-1.

5.2.1.1 Soil Gas Surveys

Soil gas surveys will not be required during the Preliminary Ground-

water Operable Unit RI (Hydrogeologic Assessment).

5.2.1.2 Geophysical Surveys

Ground surface geophysical surveys will not be required during the

Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment).

5.2.1.3 Subsurface Soil Surveys

Subsurface soil surveys will not be required during the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment).

5.2.1.4 Borehole Geophysical Surveys

Geophysical surveys will be conducted in selected boreholes drilled
during the Preliminary Groundwater Operable Unit RI (Hydrogeologic Assess-
ment). Borehole geophysical survey techniques are used to assist in the
determination of subsurface geologic conditions such as thickness, lithology,
and relative permeability of stratigraphic units. Borehole geophysical logs
may also be valuable in determining the presence and relative natural quality
of groundwater. All geophysical measurements will be collected digitally to
allow scale adjustments to be made prior to hard copy reproduction. Geophysi-
cal logs will be used extensively in conjunction with borehole lithology logs

to refine geologic descriptions.
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TABLE 5-1. PRELIMINARY GROUNDWATER OPERABLE UNIT REMEDIAL INVESTIGATION (HYDROGEOLOGIC
ASSESSMENT) FIELD ACTIVITIES

Activity Quantity Locations Comments
Monitoring Wells 51 Areas A, B, C, Other Borehole depths grouped as
On-Base Areas, and 1ollows:
off base
14 less than 150 ft bgs
12 at 150 to 200 ft bgs
17 at 200 to 250 ft bgs
8 deeper than 250 fr bgs
(7 of these are optional wells)
Plezometers 34 Areas B and C Borehole depths grouped as
follows:
9 less than 150 ft bgs
13 at 150 to 200 ft bgs
12 deeper than 210 ft bgs
Pilot Holes (Explora- 18 Areas A, B, C, and Mud rotary pilot holes drilled
tory Borings) Other On-Base Areas to approximately 430 feet
Borehole Geophysical 19 Areas A, B, C, Other Geophysical logging to lnclude
Surveys On-Base Areas, and resistivity, spontaneous poten-
off base tial, gamma ray, deviation, and
caliper logs
Aquifer Tests
-- Single-we.l tests 40 Areas A, B, D, Other

-- Multiple-well tests 2

Hydrolegic monitoring of 4
of On-Base Production
Wells

On-Base Areas, and
off base

Area B and C

Base Wells 10, 13,
18, and 29

Additional testing at Radian
(Stage 2-3) aquifer test site and
Area C to determine vertical
hydraulic conductivity of aqui-

tards

Monitoring of on-base production
wells and nearby observation wells
with hydrologic data acquisition
system to determine the effects
the production wells have on
groundwater flow directions and
gradients (horizontal and verti-

cal)

bgs = Below ground surface.
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CORPORATION

Electrical resistivity, spontane~:- ~nten+‘-'  gamma ray, caliper,
and declination surveys are the borehole geophysical methods that will be used
during the Preliminary Groundwater Operable Unit RI (Hydrogeclogic Assess-
ment) . The resistivity logs will consist of the point, short-normal (16-
inch), and long-normal (64-inch) configurations. Geophysical logging will be
completed in the pilot hole or deepest borehole in all monitoring well
clusters (see Section 5.2.1.5). A total of 19 boreholes will be logged. Geo-
physical logging will be conducted by a qualified subcontractor. A Radian
geologist or c¢ngineer will supervise and observe all logging activities to
assure the quality of the data. Cell cables, probes, and other equipment will

be thoroughly steam-cleaned prior to being lowered into a borehole.

The geophysical log data will be evaluated prior to monitoring well
construction to optimize the well design. The geophysical logs will be used
to determine the most appropriate depth intervals for placement of the screen,

sand pack, and grout seal.

The principles and general procedures associated with resistivity

and spontaneous potential surveys are presented in the QAPP.

5.2.1.5 Monitoring Wells and Pilot Holes

Based on the review and evaluation o: existing geologic and hydro-
geologic data, a total of 51 monitoring wells and 18 pilot holes are proposed
to further characterize the hydrogeologic conditions at McClellan AFB.
Fourteen monitoring wells will be installed in the "water table" zone, 12 in
the "150-foot" zone, 17 in the "200-foot" zone, and as many as 8 in the
"300-foot" zone. One well, at cluster 17, will definitely be completed in the
"300-foot" zone, but 7 "300-foot" zone wells are considered optional. Most of
the wells will be installed in clusters. Each cluster will include one to as
many as four wells. Several wells will be installed to augment existing well
clusters. Wells in clusters will be drilled 10 to 20 feet apart, site condi-
tions permitting. One "water table" zone well and one "300-foot" zone well

will be installed as single wells. The 18 pilot holes will be drilled to
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aepths of approximately 430 feet below ground surface for the purpose of

having geophysical logs run witlhin them

5.2.1.5.1 Well location Rationale

Monitoring well locations and screen intervals have been selected on
the basis of data requirements, as defined in Section 4.6. A need for hydro-
geologic data has been identified in the southern and eastern portions of the
base and in one location in the northwestern portion of the base between Areas
C and D. Plate 5 shows all proposed monitoring well locations. Plate 6 and
Figures 4-1 through 4-9 illustrate in cross section the anticipated screen
intervals as determined from the geophysical logs of existing wells. Well
locations and rationale, total depths, and anticipated screen intervals are
summarized in Table 4-2. The additional monitoring wells are needed to
acquire hydrogeologic and/or water quality data. The rationale for new

monitoring wells may be categorized as follows:

® Characterization of hydrogeology;
° Providing data for potentiometric surface maps;
. Providing data for determining hydraulic gradient and ground-

water flow directions;

° Evaluation of effects of on-base water supply wells;

. Determination of lateral and vertical extent of groundwater

contamination; and

° Determination of potential groundwater operable unit areas.
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5.2.1.5.2 Methodology

Brief discussions on site selection, drilling, recordkeeping, and
well installation, completion, and development procedures are presented below.
A more detailed presentation of these field methods is found in tlie McClellan

AFB RI/FS Draft QAPP (Radian, October 1988).

Site Selection

The selection of specific field locations for monitoring wells will
be a cooperative effort between Radian Corporation and the AF monitoring well
locations will be selected such that they conform as closely as possible to
those presented in Table 4-2 and Plate 5. The actual field locatinns selected
will be subject to drill rig access, presence or absence of undergiound
utilities, future access considerations, and acquisition of permits (on-base
wells) and casements (off-base wells). The U.S. Army Corps of Engineers will
be involved in obtaining easements for off-base wells. The need to better
characterize known or suspected waste storage and disposal sites also will be
taken into consideration when selecting the actual well locations in the

field.

Drilling Preparation

Prior to beginning drilling activities at any site, the Radian field

coordinator will:

. Determine that the necessary permits and clearances have been
granted;

) Position the drill rig to prevent damaging utilities;

. Cover the ground surface to protect the immediate area from

potentially contaminated drill cuttings;
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[ Verify that drilling equipment entering the borehole is steam-

cleaned; and

] Ensure that health and sarety precautions identified in the

Health and Safety Plan will be taken.

Drilling Methcds

Well drilling methods wused during the /?2reliminary Grouncwater
Operable Unit RI (Hydrogeologic Assessmeat) will depend on the objectives of

each boring. A summary of drilling methods is presented in Table 5-2.

The approach .o monitoring well drilling will be staged; initiallw.
mud rotary rigs will drill a pilot hole at each cluster location rollowed b
construction of monitoring wells using air rotary casing drive and mud rotarv

methods. These methods are discussed below.

Nineteen pilot holes ({exploratory borings) will be drilled by the

mud rotary method. These pilut holes will provide the ability te run resis-
tivity, srontaneous potential (S?}, gamma ray, and caliper logs. The result-
ing geophvsical logs will augment the existing geophysical logs. Evaluation

of the entire suite of geophysical logs will allow for increased understanding
of the hydrogeology, including determining the nature and extent of the
"250-foot" aquitard, and allow any necessary adjustments to the area.
locations and screened elevations of the proposed wells. The direct mud
rotary method employs a rotating bit and a fluid (mud) which is pumped through
the drill pipe. out the bit, and up tke annular space carrying cuttings in
suspension to the surface. The mud in the annular space provides the fluid

medium necessary for electric logging.

One of the objectives of these pilot holes is to characterize the
nature and extent of the "250-foot" aquitard. It is anticipated that it will
require two days to drill the 300-plus-foot-deep boreholes. Therefore, a
strategy has been developed to minimize the opportunity for downward migration

of contaminants. On the first day, the drilling vill proceed to approximately
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TABLE 5-2. SUMMARY OF DRILLING METHODS®

Proposed Proposed Approximate
Well Type and Number Drilling Berehole Depth Wel. Depth
Groundwater Zone of Wells Mechod (It bgs) (fr bgs)
Monicoring Wells
“Water Table" 14 ARCH® 130 130
"150-foot" 12 ARCD 190 160
"200-foot" 17 ARCD d 240 240
"300-foot" b 1 ARCDéMR 350 350f
Pilot "430-foot” 19 MR 430 NA
Optional "300-foot" 7 ARCD/MR 350 350
Piczcmeters
"Water Tabla" 9 ARCD 130 130
"150-foot" 10 ARCD 190 190
"200-foot" 9 ARCD 240 240
"300-foot" 1 ARCD 350 350
"130-foot aquitard"” 1 ARCD 150 150
"175-foot aquitard" 2 ARCD 200 200
"250-foot aquitard" 2 ARCD 300 300
19 MR 8,970 ftr MR 17,710 f¢
76 ARCD 16,910 ft
8 ARCD/MR

TOTALS: 103 Borings
18 Pilot Holes

34 Piezometers

51 Monitoring Wells
14 "Water Table"
12 "150- _oot"
17 "200-foot"
1 "300-foot"
7 Optional "300-foot"

This table does not include wells drilled for the Area B Groundwater Ope:-

able Unit Remedial Investigation.
Scheduled fc~ geophysical logging.
ARCD = Air rc* ..y casing drive.

ARCD/MI. = Air rotary casing driv
total depth.
MR = Mud rotary.

NA = Not applicable.

D-13/082889 /hmm
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CORPORATION

250 feet below ground surface or immediately above the "250-foot" aquitard.
The filter cake left on the walls of the borehole and the mud, with a density
greater than water, in the borehole will diminish the potential for vertical
migration of contaminants from shallower zones to deeper zones in the two-day
period. On the second day, the remaining 180 feet will be drilled through
and beneath the aquitard. When total depth of the pilot holes has been
reached, geophysical logs will be run in the borehole. Existing resistivicy
logs from the base water supply wells and deep exploration borings will assist
in determining target total depth before drilling. Upon completion of the
geophysical logging, the borehole will be abandoned by filling with grout
using the positive displacement (tremie) technique. The tremie pipe will
initially be placed 2 to 7 feet above the bottom of the borehole but will be
gradually withdrawn as grout fills the borehole. The intention of the two-day
drilling strategy 1is to preclude cross contaminating strata beneath the
"250-aquitard” with any contaminants encountered in the shallower strata. Byv
limiting to one day or less exposure of the aquitard and saturated strata
below it to mud that may have come into contact with contaminated shallower
groundwater, it is believed that the chance for detectable cross-contamination
will be essentially eliminated. To decrease the chance for «cross-
contamination, a thick bentonite drilling mud with a Marsh funnel time less
than 55 seconds will be used in drilling the boreholes to create a filter cake
on the borehole walls which will reduce the potential for the mixing of
contaminated groundwater with borehole fluids. The locations of the proposed

pilot holes are shown on Plate 5.

For any mud rotary borings in which a monitoring well will be
constructed, the well will be thoroughly surged during and after construction
to remove filter cake in the zone to be screened. Temporary conductor casing
will be emplaced through any shallow contaminated groundwater zone prior to

drilling for well construction below 240 feet.

The geophysical logs from the pilot holes will be scrutinized as
they are obtained; following evaluation of new and existing geophysical logs,
most monitoring wells will be drilled using air rotary casing-drive drilling

rigs.
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The air rotary casing-drive method offers the advantage of rela-

tively rapid drilling without the need to dispose of potentially contaminated
drilling mud and the neea for swabbing to remove filter cake mud in the zone
to be screened. The drive casing provides a temporary barrier to the entry of
contaminated groundwater from shallow zones that could penetrate to deeper
zones in the borehole. However, caution must be observed in the use of the
method to prevent: "air lock" in fine-grained deposits; the entry of lubricat-
ing oil mist to the deposits in an inadequately filtered air stream; the loss
of drive casing due to breakage during retrieval; and potenital contamination
of deeper zones if the drill bit is advanced too far beyond the casing in

shallow contaminated zones.

The air rotary casing-drive drilling method consists of a rotating
drilling bit placed within a non-rotating drive casing. As the drive casing
is driven into the ground, the drill bit will advance no more than one foot
ahead of the casing. Pressurized air is forced downward through the drilling
rods and bit. The air returns tc the ground surface upward through the
annulus between the drive casing and the smaller rotating drill rod bringing
with it, continuously, the materials cut by the drill bit and any groundwater.
The cuttings are discharged into a cyclonic separator that separates the air
from the formation cuttings to facilitate sampling and drill cuttings contain-
ment. Groundwater produced during drilling will be collected by a vacuum

truck. An illustration of the drilling method is shown in Figure 5-1.

The drive casing is a heavy wall flush-jointed threaded pipe. The
approximately 10-inch outside diameter (o.d.) system allows for the installa-
tion of up to a 4-inch well to depths of 600 feet. The casing is driven by a
pneumatic drill through a drive hammer which is rated at 6,200 foot-pounds.
The inner drill rod is a 4-1/2-inch o.d. heavy wall flush-jointed pipe capable

of passing 3,000 c.f.m. of air at high pressures.

Filtered air is supplied by an on-board air compressor. If the use
of water (clean) is required to assist in the recovery of the cuttings, it
will be injected into the airstream by means of a water injection pump which
can meter the discharge amount. All power for the compressor, pumps, and
hydraulic components is supplied by the engine of the truck or carrier.
D-13/013090/j1h 5-12
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Figure 5-1. Dlagrammatic lllustration of Air Rotary Casing Hammer Drilling Method.
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Upon completion of the drilling, the rotating drill rod and bit are
extracted from the center of the drive casing. Permanent well completion
materials are then installed down the center of the casing. Withdrawal of the
drive casing is accomplished in stages by a hydraulic casing extractor system
as filter pack sand, bentonite seal, and grout are emplaced in the annulus.
This puller system consists of a structure housing two hydraulic cylinders and
a tapered slip arrangement which grips the outside of the drive casing. As
each section is pulled back out of the ground, handling of the casing is

accomplished by means of a hydraulically operated cable lift arrangement.

Monitoring well borehole diameters will be approximately 10 inches.
Monitoring wells less than 130 feet in depth ("water table" wells) will be
constructed with 4-inch-diameter casing and screen. Monitoring wells greater
than 130 feet in depth (the "150-foot," 200-foot," and "300-foot" zone wells)
will also be constructed with &4-inch-diameter casing and screen. Four-inch
casing will allow the installation of Teflon® and stainless steel submersible
well purge pumps that may be dedicated to the monitoring wells. Thirty-four
2-inch-diameter piezometer wells will be drilled and constructed in both
permeable and fine-grained zones at depths ranging from 100 to 250 feet below

ground surface. Borehole diameters for the piezometers will be six inches.

Cuttings and Groundwater Disposal

A licensed hazardous waste transportation company under subcontract
to Radian will transport and dispose of all borehole cuttings, drilling
fluids, and groundwater removed from the boreholes and completed monitoring
wells. During the drilling operations, the solid cuttings will be monitored
for organic vapors, contained in steel, plastic-lined 20-cubic-yard capacity
roll-off bins. Bentonite drilling fluids will be contained in large tanks on
site. Groundwater produced during the drilling will be collected by vacuum
truck and discharged to the Industrial Wastewater Treatment Plant at McClellan
AFB; groundwater disposal will be coordinated with and approved by the manage-
ment of the IWTP.
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COmRPORATION

Drilling cuttings will be monitored for organic vapors in the field
by Radian personnel. Cuttings from off all boreholes will be preliminarily
characterized for disposal purposes by monitoring for organic vapors with a
photoionization detector or organic vapor analyzer, and, if need be, species-

specific Drager® detector tubes.

Any material, nonhazardous or otherwise, being transported off
McClellan AFB will be handled according to procedures stipulated by the
McClellan AFB Office of Environmental Management. Any hazardous material
transported off McClellan AFB will be sent to an approved Class I waste
disposal site and be accompanied by a required California Department of Health
Services (DHS) Uniform Hazardous Waste Manifest. McClellan AFB is the gener-
ator of these materials and will be responsible for attending to any Hazardous

Waste Manifests.

A detailed transportation and disposal plan will be developed as
part of the implementation of this sampling and analysis plan. The plan will
include the numbers and types of analyses to be conducted to profile drill

cuttings and drilling muds prior to disposal.

Recordkeeping

Radian’s supervising rig geologist will be responsible for all
recordkeeping associated with the drilling. The supervising rig geologist
will be under the direct supervision of a California Registered Geologist or
licensed Civil Engineer. Examples of forms to be used Table 5-3 during
drilling projects are illustrated in Figures 5-2 through 5-8. The following

forms will be completed:

° Log of drilling operations;
. Well Completion Log;

. Time and Materials Log;

° Daily Field Report;

° Well Development Log;

. Photoionization Detector Screening Data Sheet;
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COMPORATION
Log of Drilling Operations Sheet of
Boring or Wall No. Project
Location Beginning and anging
Log Reccrded By ot dniling oparation
Boring Diameter Bonng Depth -
Onii Type 8it Type Drill Operator
1D No. ot | Type ot
Depth Sampling| Sampile | Sampie Lithology Remarks
f.) Intarval | Taken Taken
—
-
-
—
-
L
i
—
=
L
—_
|
u
-
-
L
Figure 5-2. Log of Drilling Operations.
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McClellan AFB
RIFS
Well Number Log Recorded by
Location Completion Date
Drilling Method
Borehole Depth Borehole Diameter

Borehole Declination

Materials:

Casing Diameter/Type

Screen Diameter/Type/Slot Size

Sand/Gravel Type

Bentonite Seal Type

Grout Mixture

Intervals:

Screen Interval

Voiume
Volume

Volume

Casing Interval

Sand/Gravel Pack Interval

Bentonite Seal

Grout Interval

Type of Surface Completion

NOTES:

Figure 5-3. Well Completion Log.
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TIME AND MATERIALS 10G

McClellan AFB

RI/FS
Well No. Completion Date
Total Depth Drilled Screen Interval
Supervising Rig Geologist
DRILLING TIME: WELL COMPLETION TIME:
Mobilization Sand Pack
Rig Setup Bentonite Seal
Drilling Grout
Standby Wellhead
Rig Decon Site Cleanup
Other Other
Subtotal Drilling Subtotal Completion

TOTAL

NOTES :

Figure 5-4. Time and Materials Log.
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Date

DAILY FIELD REPORT

McClellan AFB
RI/FS

Reported By

SMTWTTFS

Summary of Events and Observations:

Summary of Subcontractor Activities:

D-13/082889 /hmm

Figure 5-5. Daily Field Report.

5-21




WELL DEVELOPMENT LOG

McClellan AFB

Well No. Reported by

Screen Type/Interval

Screen Diameter/Slot Size

Static Water Level Prior to Development

Development Started Ended

Quantity of Water Discharged During Development

Equipment/Tools Used

Pump Type

Pump Capacity

Depth-to-Pump Intake

Time Development Method Observations and Remarks

Figure 5-6. Well Development Log
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Area _

PHOTOIONIZATION DETECTOR
SCREENING DATA SHEET

Date

Time

Screener’'s Initials

Iastrumant I.D.

SPECIFIC LOCATION SCREENING VALUE (ppmv)

1. Ambient (average background)

[a®]

w

e}

~d4

10.

11.

12.

COMMENTS :

Figure 5-7.

D-13/082889/hmm

Photoionization Detector Screening Data Sheet.
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DIRECT READING INDICATOR TUBES

FIELD DATA
Date
Client/Location
Sample Location | Time | Tube Type/Mfg. | Concentration | Comment
J | | ! —
| I l {
| | [ {
| | | {
| | | ]
| ! | L -
| L ! {
! ! ] |
I ! { |
| | | !
] | | |
| | ! |
! ] | |
| ] | {
! ! ] ]
| 1 ] ]
] { | | |
| | ] |
] | | 1

Figure 5-8. Direct Reading Indicator Tubes Field Data.
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° Direct Reading Indicator Tubes Field Data Sheet: and

] Geophysical log forms prepared by logging company.

In addition to completing these forms, the supervising rig geologist
will be responsible for keeping a daily log of events and observations in a

personal field notebook.

Well Installation and Completion

The termination depth and screened interval for a monitoring well
will be determined by the supervising rig geologist in consultation with
AFOEHL/TS and McClellan AFB EM engineers. The geophysical logs from the
deepest borehole in any cluster of monitoring wells, in combination with the
lithologic log for the well being drilled, will be used to determine the most
favorable screen interval. Pilot holes drilled with mud rotary will be
completed approximately 10 feet deeper (overdrilled) than the deepest
anticipated screen interval to accommodate positioning of borehole geophysical
sondes. Pilot holes will be grouted (abandoned) after geophysical logging.
Although it is not anticipated, if a monitoring well is to be drilled bv mud

rotary and geophysically logged, it will not be overdrilled.

All groundwater monitoring wells will be constructed in a similar
manner, regardless of the drilling method used. A schematic diagram showing
well construction details is presented in Figure 5-9. A summary of well-
specific construction materials is presented in Table 5-4. The materials used
will include stainless steel screen, flush joint threaded polyvinyl chloride
(PVC), low carbon steel and stainless steel casing, stainless steel casing
centralizers, sand pack, and cement-bentonite seals. The stainless steel
casing will be used for that portion of the monitoring well that lies below
the water table. Polyvinyl chloride casing will be used in the vadose zone in
wells less than 190 feet deep. Low carbon steel casing will be used in the

vadose zone in wells greater than 190 feet deep. All screen and casing will

D-13/013090/j1h 5-25




WELL 1.D. PLATE

GROUND SURFACE

OF TYPE &I

PORTLAND CEMENT WITH
APPROXIMATELY 2 PERCENT
BENTONITE POWDER

X

ANANA VAN

2 FEET THICK,
HYDRATED, PELLETIZED

3FEET THICK, 30 MESH, ™
WASHED. BAGGED,
LONESTAR OR MONTEREY SAND

GHRAVEL PACK. —~fm

LONESTAR OR MONTEREY SAND,
8 X 16, WASHED, BAGGED,
ROUNDED, EMPLACED FROM TOTAL
DEPTH TO 2 FEET ABOVE SCREEN

\mf

asteoes e

AN

\

N

AN N\ NN N\

/r

b\

PADLOCK
KEYED-ALIKE MASTER LOCK

CASING:
DIAMETER: 6 INCH

SCHEDULE 40 PYC SCREW-TYPE CAP

CEMENT PEDESTALL
4 FEET X 4 FEET, 3 INCHES THICK

SCHEDULE 40 PYC BLANK CASING:
OUTSIDE DIAMETER. 4 5 INCHES
INSIDE DIAMETER: 4.026 INCHES
THREADED JOINTS 10 FEET LONG

EVERY 40 FEET OF CASING

CROSSOVER,
OUTSIDE DIAMETER: 4 5 INCHES

INSIDE DIAMETER- 4334 INCHES
THREADED JOINT 1 FOOT LONG

SCHEDULE § STAINLESS STEEL

i

AN

o I ”11L\ NN

G
ed,00].
LS o

a
*

BLANK CASING (304)

OUTSIDE DIAMETER: 4 5 INCHES
INSIDE DIAMETER: 4.334 INCHES
THREADED JOINTS 10 FEET LONG
EMPLACED SEVERAL FEET
ABOVE HIGHEST ANTICIPATED
WATER LEVEL

TOP & BOTTOM OF SCREEN

OUTSIDE DIAMETER: 4.625 INCHES
INSIDE DIAMETER: 4.0 INCHES
SCREEN SLOT SIZE: 0.02 INCH

Figure 5-9. Schematic Well Constriction Diagram for Groundwater Monitoring Wells
Completed Above 250 Feet Below Ground Surface.
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either be received clean in factory packaging or be pre-cleaned on site by
steam cleaning. Well construction procedure and materials are discussed

below:

. Screen--Type 304 stainless steel, wire-wrapped, 10-foot

lengths, 4-inch inside diameter, 0.0l or 0.020-inch slot size.

° Casing--Schedule 5, Type 304 stainless steel, flush-threaded,
10-foot lengths, 4-inch inside diameter. Stainless steel
casing will be used tetween the screen and the highest antici-

pated groundwater level.

. rVC Casing--Each well drilled and constructed at depths less
than or equal to approximately 190 feet shall be completed with
4-inch inside diameter, Schedule 40, flush-threaded joint,
polyvinyl chloride (PVC) water well casing from the top of the

stainless steel casing to the ground surface.

. Casing--Each well drilled and constructed at depths below
approximately 190 feet shall be completed with 4-inch inside
diameter, flush-threaded joint mild steel water well casing
from the top of the stainless steel casing to the ground

surface.

e Casing Centralizers--Stainless steel centralizers shall be
installed at the top and bottom of each well screen and at

40-foot intervals on all well casing.

. Sand Pack--Monterey sand, 8x16 mesh (2.36 mm to 1.40 mm or 0.09
to 0.05 inches in diameter-U.S. Standard System, Driscoll,
1986) or equivalent and Lonestar 1C 16x40 (1.168 mm to 0.417 mm
or 0.046 to 0.164 inches) or equivalent.

. Sand Bridge--Monterey sand, 30 mesh (0.58 mm or 0.023 inches in
diameter-U.S. Standard System, Driscoll, 1986).
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. Bentonite seal--at least two feet of pure API cement grade

pelletized, non-beneficiated sodium bentonite.

. Sanitary Seal-Neat mixture of Type I Portland cement with
approximately 2 to 3 percent (by dry weight) powdered bentonite
and approximately 7 to 9 gallons of water per 94-pound sack of

cement.

. Steel Security Casing-Six-inch diameter by 5-foot-long steel

casing with locking lid.

] Cast Iron Utility Box--Will be used to protect wellhead for

"flush" completions only.

The preferred slot width of 0.02 inches for wire-wrapped well screen
was selected on the basis of 1984 Stage 2-1 sieve analysis and the satisfac-
tory performance record of McClellan AFB monitoring wells with screens of that
slot width. Sieve analyses were performed on samples from 29 reconnaissance
borings completed on and adjacent to McClellan AFB in 1984. Analyses of the
grain size distribution in those samples indicated that a slot of 0.02 inches
would pass 10 percent or less of the grains in a 8 x 16 filter pack placed
around the screen. The monitoring wells with 0.02-inch slotted screens, which
have been periodically purged and sampled, discharge water at adequate pumping

rates without producing measurable amounts of sand or silt.

Although a sieve analysis of grain size distribution to determine
screen slot size and filter pack is desirable in construction of a groundwater
production well, it is not practical or cost effective to conduct sieve
analyses during drilling to optimize the design of a monitoring well. Screen
slot sizes of 0.01 or 0.02 inches will be available and adequate for the

purpose of providing a sediment-free, representative groundwater sample for
monitoring.

Prior to placement of the screen and casing, the borehole depth will

be verified with a weighted surveyors tape. The screen and casing will then

D-13/082889/hmm 5-29




CORPORATION

be placed through the drive casing of the air rotary casing drive drill rig.
Declination of the screen and casing will be measured to ensure that it is no
more than 3° from vertical. Any well exceeding 3° in deviation from vertical
will be considered unacceptable and will be redrilled. Stainless steel casing

centralizers will be placed at the top and bottom of the well screen and at

least every 40 feet of well casing. Stainless steel casing will be used to
the highest anticipated water table elevation. The highest anticipated
water-level elevation is estimated for each monitoring well from: 1) the

depth of the first saturated stratum encountered during drilling; 2) the
observed decrease in the regional water table elevation of approximately 1 to
2 feet per year; and 3) seasonal fluctuations in static water levels of
approximately 1 to 2 feet from March (highest measured annual levels) to
October (lowest measured annual levels). PVC casing will be used above the
stainless steel casing. All screen and casing will be flush-joint thrended.
Once enough sand has been placed to support the screen and casing, the well
will be checked for proper alignment by passing a length of PVC pipe
(measuring 3.75 inches x 10 feet) through the casing to the bottom of the
well. The sand pack will then be placed around the screen through a tremie
pipe to a height of at least 3 feet above the top of the screen. The drive
casing will slowly be pulled up and recovered as the sand paclk is installed.
After installation of the sand pack, a surveyur s tape shall be used to
measure the top of the filter pack. Materials will then be added through the
tremie pipe to construct the sand bridge, bentonite seal, and grout sanitary
seal. The grout sanitary seal will be pumped through a tremie pipe placed
into the annulus between the well casing and drive casing. Prehydrated
powdered bentonite will be added to the cement during mixing to provide a
smooth, consistent blend. The drive casing and tremie pipe will gradually be
pulled up and recovered as the level of grout rises in the borehole. No more
than 20 percent of the length of drive casing or tremie pipe will be pulled at

one time.
Borehole diameters will range from 6 to 10 inches depending on the

drilling method and well construction specifications. All wells will be

constructed with 4-inch-diameter screen and casing in a 10-inch-diameter
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borehole. All piezometer wells, regardless of depth, will be constructed of
2-inch diameter well casing and screen. Pilot holes will be drilled with

6-inch diameter boreholes.

The wellheads for monitoring wells will be completed abcve ground or
as flush completions as shown in Figures 5-10 and 5-11, respectively. Moni-
toring wells completed above ground will have a 6-inch-diameter locking steel
security casing installed around the PVC monitoring well stickup. The steel
security casing will be set in a 4-foot-square concrete pedestal. Three
3-inch-diameter steel security posts will be positioned around those wells
where such protection is considered necessary. Steel security casings and

security posts will be painted and capped.

The PVC casing for all flush completed wells will be set several
inches below grade. Each wellhead will be enclosed within a cast iron utility
box equipped with a threaded 1id. The valve boxes will be set slightly above
the surrounding ground surface so that surface water flows away from the

wellhead. Flush completed wells will be fitted with a water tight cap.

Well identification plates will be secured on the 1lid of the steel
security casing. All wells will be secured with identically keyed padlocks.
Keys will be provided to McClellan AFB EM.

Monitoring Well Development

All groundwater monitoring wells will be developed to remove any
fine-grained sediment and drilling fluid from the screen and sand pack. Prior
to development of each well, total well depth and depth to static water level
will be measured. Development will consist of bailing, surging, and pumping

with an electric submersible pump.

Each well will be bailed with a 10-foot-long, 3-inch minimum diame-
ter, steel bailer to remove drilling mud (if used) and formation material from
the well. The bailers will be closed at the top and fitted with a dart-valve
at the bottom that when "tripped" or pushed will allow water and sediment up
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into the bailer. This will allow the collected material to be discharged from
the bailer when it is removed from the well. The well will then be surged
with a vented surge block to induce flow across the screen openings and bring
fine-grained material into the well. The material brought into the well will
be removed by bailing. The bailing and surging process will be repeated until
little or no fine-grained material is produced, as determined by the Radian

geologist.

After bailing and surging is complete, development of each well will
be concluded by pumping with an electric submersible pump. The pump used will
be capable of discharging at least 20 gallons per minute (gpm) at 100 feet of
lift. The well will be pumped initially at a low discharge rate (e.g., 5
gpm). The pumping rate will be periodically increased, not moving to a higher
rate until the discharge is relatively free of turbidity. The final pumping
rate will be about 20 gpm unless limited by the specific capacity of the well
and pump submergence. During pumping, groundwater will be analyzed for
temperature, specific conductivity, and pH; pumping will continue until these
measurements stabilize. Selected wells may be equipped with dedicated purge
and sampling pumps. The wells selected and the types of dedicated pumps will

be determined following initial sampling analyses.

Surveying

The top north side of the PVC well casing will be permanently
notched to indicate a reference point (at the bottom of the notch) from which
all future water level measurements will be made. At the completion of
drilling operations, a licensed land surveyor will determine the vertical
(elevation) and horizontal position of the reference point. The accuracy for
vertical and horizontal survey control will be #0.01 and +1.0 feet, respect-

ively.

5.2.1.6 Aquifer Tests

Aquifer testing will be conducted as part of the Preliminary
Groundwater Operable Unit RI (Hydrogeologic Assessment) to determine the
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hydraulic properties of both permeable zones and aquitards. The effects that
on-base water supply wells have on the local groundwater flow patterns also
will be evaluated. The hydraulic properties of the aquifer system have been
characterized during past investigations at various locations in the study
area, and generally only in two monitoring zones. The effects of on-base

water supply wells have only been inferred from potentiometric surface maps.
The following subsections discuss a multiple-well aquifer test, 40
single-well aquifer tests, and long-term water-level monitoring of production

and nearby monitoring wells.

5.2.1.6.1 Multiple-Well Aquifer Tests

The purpose of the two multiple-well aquifer tests planned for the
Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment) is to
directly characterize the vertical hyraulic conductivity of the clayey silty
aquitards that separate waterbearing =zones. Several multiple-well aquifer
tests have been completed on base to determine the hydraulic properties of the
more permeable waterbearing zones. However, no data have been collected for
the finer-grained, less permeable aquitards that separate these zones. The
vertical hydraulic conductivity data will be used with field-determined
vertical gradients to evaluate groundwater movement vertically. The vertical
hydraulic conductivity data may also help to evaluate the effects that the

aquitards have on the migration of contaminants in groundwater.

One of the two aquifer tests will involve pumping a middle zone
monitoring well, PW-126, at the Phase II, Stage 2-3, aquifer test site
(Radian, 1987). Water levels will be measured in observation wells screened
in the shallow, middle, and deep monitoring zones and in the aquitards above

and below the middle monitoring zones.
The other multiple-well aquifer test will be conducted south of Area

C. The "200-foot" aquifer will be pumped and water levels measured in the
"150-foot" aquifer, the "200-foot" aquifer, the "300-foot" aquifer, the
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"250-foot" aquitard, and the aquitard between the "150-foot" and "200-foot"

aquifers.

Vertical hydraulic conductivity will be determined from the test
data through the use of the ratio method (Neuman and Witherspoon, 1972).
Monitoring zone definitions for the Phase II aquifer test site are the same
used during the previous aquifer test (Radian, 1987), as existing observation
wells will be used. Monitoring zone definitions for the Area C test will
follow the proposed zones described in Section 3.2.2 because screen intervals
of the piezometers and of some existing monitoring wells were installed by

EG&G Idaho based on borehole geophysical logs.

Field Methods

Before the aquifer tests can be conducted, new observation wells
must be installed and core samples of the aquitard material collected for

consolidated testing, falling head parameter tests, and grain size analysis.

During the Phase II, Stage 2-3, aquifer test, observation wells were
installed in the shallow, middle, and deep monitoring zones at a distance of
approximately 85 feet from PW-126. Figure 5-12 presents the location of the
observation wells at the Radian Phase II, Stage 2-3 aquifer test site. One
additional observation well will be required at this location in the aquitard
underlying the middle monitoring zone, as shown in Figure 5-13 (cross section
K-K’). The piezometer will be installed at an approximate elevation of -130

feet msl.

An additional cluster of observation wells will be installed at a
distance of approximately 40 feet from PW-126. These piezometers will be
installed in the shallow and middle monitoring zones and in the aquitard be-
tween these two zones. As shown in Figure 5-13, the piezometers will be
installed at approximately -45 feet msl, -65 feet msl, and -100 feet msl.
Table 5-5 summarizes the proposed piezometer specifications at both aquifer

test sites.
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TABLE 5-5. PROPOSED PIEZOMETERS TO BE INSTALLED FOR MULTIPLE-WELL
AQUIFER TESTS AND AREA C WATER-LEVEL MEASUREMENTS

Estimated Depth
Proposed Piezometer (ft msl)

Screen Length

Zone to be Monitored

PHASE II TEST SITE

PZ-1 -45
PZ-2 -65
PZ-3 -100
PZ-4 -130
AREA C

PZ-5 -90
PZ-6 -130
PZ-7 -150
Pz-8 -185
PZ-9 -215

Number of Other Piezometers in Area C

8 -50
7 -90
8 -150

Shallow monitoring zone.
Aquitard between shallow
and middle monitoring
zones.

Middle monitoring zone.
Aquitard between middle

and deep monitoring
zones.

"150-foot" zone.
Aquitard between "150-
foot" and "200-foot"
zones,

"200-foot" zone.

*250-foot" aquitard.

"300-foot" zone.

Water table
150-foot zone.

200-foot zone.
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The second aquifer test will be conducted immediately south of Area
C. The proposed new monitoring well cluster 17 will be used to monitor water
level changes in the "300-foot"” zone. A cluster of five piezometers will be
installed approximately 25 feet from an existing monitoring well near MW-141.
These piezometers will be installed in the "250-foot" aquitard, in the aqui-
tard between the "150-foot" and "200-foot" zones, in the "200-foot" zone, and
in the "150 foot" zone (Figure 5-14). As shown in Table 5-5, the piezometers
will be installed at approximately -215 feet msl, -185 feet msl, -150 feet
msl, -130 feet msl, and -90 feet msl.

Drilling of the new observation wells (piezometers) will be accomp-
lished with the air rotary casing drive drill rig, as described in Seccion
5.2.1.5.2. The borehole diameter will be a minimum of 6 inches to allow
installation of the 2-inch (inside diameter) observation wells. Two-inch
Schedule 40 PVC casing with a 2-foot long stainless steel mill-slotted screen
will be used for the observation well. The screen slot size will be 0.020
inches. Construction of the observation wells will follow the monitoring well
construction methods described in Section 5.2.1.5.2. After installation, the
observation wells will be developed to remove any fine-grained particles from

the screen. Development will include bailing and surging.

The piezometers will be installed using an air rotary casing drive
drilling method. During drilling, core samples of the aquitards underlying

and overlying the middle monitoring zone will be collected with a Christensen

core barrel, Five-foot long samples will be collected and split for
laboratory analysis. Five core samples will be collected from the zone of
finer material using a wire-line and down-hole hammer drive sampler. Two

cores will be collected from the 1986 Phase II test site located southeast of

Area C; three similar cores will be collected from Area C.

The core samples will be used for laboratory determination of the
coefficients of compressibility, permeability, and grain size distribution
(Table 5-6). The compression characteristics of 27 soil samples (12 from the
Phase II test site and 15 from the Area C test site) will be determined using
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TABLE 5-6. SUMMARY OF NUMBER AND TYPES OF PHYSICAL PROPERTIES TESTS

ASTM
Designation Test Method # Samples
D 2434-68 Permeability of Granular Soil 15
D 2435-80 One-Dimensional Consolidation Properties of Soil 27
D 422-68 Grain-Size Distribution 27
D 2216-80 Moisture Content 27
D 854-83 Specific Gravity of Soils 27
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standard consolidation testing procedures (Lambe, 1951). Consolidation test
results (coefficient of compressibility, av) are used to calculate specific
storage (S's) of the aquitard material from the relationship S's = (avxw)/
(l+e) where Xw is the specific weight of water and e is the void ratio.
Permeameter tests on a maximum of 15 samples will also be conducted to deter-
mine vertical hydraulic conductivity values for comparison with the field-
derived values. Twenty samples from the aquitards will also be collected for

bulk density and grain size distribution.

Water levels will be measured during both aquifer tests with trans-
ducers wired to a programmed data logger. Water levels will be monitored in
the pumped well and the observation wells. The transducers will be installed
and water levels monitored hourly for one week prior to the pumping step of
the aquifer test. Water level measurements will be taken every 15 minutes for
at least 72 hours prior to the start of the test. Transducers will be labora-
tory calibrated before installation in wells. Barometric data will also be
acquired for the same time period. Daily changes in water levels will identi-

fy effects of barometric pressure changes and outside pumping influences.

Procedure

Procedures for the field portion of the aquifer tests include the

following:

. The test period will be planned and coordinated with base water
supply personnel to avoid interference of base well pumping

with scheduled aquifer tests.

° Water levels in all observation wells and piezometers will be
monitored every 15 minutes for a minimum of 72 hours prior to

the test to quantify any antecedeat trends that may exist.
° For each test, an existing monitoring well will be pumped at

about 60 to 70 gpm. The optimum pumping rate of 60 to 70 gpm

was determined from prior aquifer testing in this area; no step
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drawdown test is required. The duration of the pumping will be
dictated by the time required to obtain measurable head
responses in the unpumped aquifers. The anticipated minimum
pumping time will be five hours. The analysis of the aquifer
test results will wutilize early time data. Water-level
recovery data will not be taken during the test because the

method does not require the data.

° Water levels will be monitored in existing wells and in newly
installed observation wells. Water levels will be wmeasured
with transducers and the information recorded using a data
logger during pumping and during recovery. Observation wells
will be sounded at least hourly with water level probes as a

check on the transducer-generated data.

° Water from the pumped well will be collected in vacuum trucks
and discharged to the Groundwater Treatment Plant or to the
Industrial Wastewater Line (IWL) upon approval of McClellan AFB

personnel.

Method of Analysis

The water levels in the middle monitoring zone and the confining
layers will be analyzed using the ratio method developed by Neuman and
Witherspoon (1972). This method of analysis will be used to calculate verti-
cal hydraulic conductivity of the aquitards above and below the middle moni-
toring zone. Results of the laboratory consolidation tests will be used to
determine storage coefficient of the aquitards which is’ needed for the
calculation of the vertical hydraulic conductivity of the aquitard. Neuman

and Witherspoon's ratio method is presented in more detail in Section 5.2.2.2.

5.2.1.6.2 Single-Well Tests

Pump testing of single wells will be conducted at 40 locations in

order to develop ranges and average values for transmissivity and hydraulic
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conductivity in areas, and in monitoring zones, for which these data are
sparse or unavailable. The primary advantage of single-well tests over
multiple-well tests is their low cost. Many single-well tests can be con-
ducted relatively inexpensively. Single-well tests will be conducted on wells
installed during the Preliminary Groundwater Operable Unit RI (Hydrogeologic
Assessment) and on selected existing monitoring wells. The new wells to be
tested will include most of the new Hydrogeologic Assessment wells to be
installed on the east side of the base, and in and around Area A. Single-well
tests will also be conducted on wells in the off-base Southeast Area. Exist-
ing wells to be tested includes MW-27D, MW-71, MW-68, MW-49, and MW-101l4. As
shown in Figure 4-11, a total of 40 wells will be tested, including 12 wells
screened in unconfined conditions in the "water table" zone, 12 wells screened
in the "150-foot" zone, 12 wells screened in the "200-foot" zone, and 4

existing wells screened above the "150-foot" zone.

Procedure

After the new monitoring wells have been installed and developed,
the wells will be pumped at a constant rate and drawdown versus time will be
recorded. At monitoring well clusters, water levels in adjacent wells screen-
ed at different intervals will also be monitored to evaluate the hydraulic
connection between waterbearing zones. Transducers and a data logger will be
used to measure and record water levels. Lithologic samples taken during
drilling of the wells to be tested will be submitted for grain size analysis.
With this data, it can be determined if a relationship exists between grain

size distribution and hydraulic conductivity.

For each single-well test, the wells will be pumped with an electric
submersible pump for at least four hours at an approximate rate of 5 to 15
gpm. This pumping rate range is based on the specific capacity observed when
existing wells have been developed by pumping. After the pump is turned off
in the wells, water-level recovery will be monitored until the levels return
to their prepumping elevation. The pumped water will be collected in portable
tanks and disposed at the Groundwater Treatment Plant. The drilling contrac-

tor will be responsible for installation of the submersible pumps. Between
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each test, the submersible pump will be thoroughly cleaned according to the

procedures outlined in the Draft QAPP (Radian, October 1988).

Method of Analysis

The Papadopulos and Cooper (1967) method will be used to analyze the
single-well pump test data. This method accounts for well storage and is
appropriate because single-well tests will be conducted for two to four hours
at relatively low pumping rates. The general procedure of Papadopulos-
Cooper’s method, as outlined in Kruseman and DeRidder (1983), involves plot-
ting observed drawdown data versus time and curve matching with type curves.

The method is described in more detail in Section 5.2.2.2.

Hydraulic continuity between waterbearing zones will be qualitative-
ly eve .uated from water levels measured during pump tests. If a decrease in
water levels is detectable in wells screened in zones above or below the zone

pumped during the test, hydraulic continuity between zones will be indicated.

5.2.1.6.3 Effects of Water Supply Wells

Pumping of water supply wells located on and off base has been
recognized as a primary influence on local groundwater flow directions and
hydraulic gradients. However, the effects have not been described. The
purpose of this activity is to measure daily water levels in monitoring wells
near on-base water supply wells and compare hydrographs to pumping schedules.
The overall objective is to qualitatively assess the effects of water supply
pumping on groundwater flow patterns. Pumping schedules, discharge rates,
local response will be monitored and evaluated in order to assess the poten-
tial effects of pumping on the distribution of groundwater contaminants and on
potential remedial alternatives. As a result of this activity, hydrographs of
monitoring and water supply wells will be produced, pumping schedules will be
summarized, and the effect of pumping water supply wells will be qualitatively

assessed.
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Method

The initial step to evaluate the effects of groundwater pumpage on
flow directions will be the collection of well construction data, historical
pumping schedules, and analytical data for on- and off-base water supply
wells. Figure 5-15 shows the locations of active on-base water supply wells

and off-base water supply wells.

Water levels will be monitored initially in on-base water supply
wells BW-10, BW-13, BW-18, and BW-29, and in nearby monitoring wells MW-41,
MW-49, MW-63, MW-132, MW-1021, and MW-1022. Water levels will also be moni-
tored in all of the new wells at well sites 3, 11, 13, and 16 as shown on
Plate 5. Pumping schedules for those same days will be obtained and compared
with water-level changes. Water-level data from the wells will be collected
for at least two months after all new Preliminary Groundwater Operable Unit RI

(Hydrogeologic Assessment) wells have been installed.

Water levels in the water supply wells and monitoring wells will be
monitored with individual transducers and data loggers on a time schedule
appropriate to the rate at which the water-levels change. Water-level data
will be used to construct hydrographs of water levels. The hydrographs will
be composited such that the hydraulic response of each water supply well and

adjacent monitoring wells will be illustrated together.

The water-level data collected from water supply and monitoring
wells will be used to help define horizontal and vertical gradients in re-
sponse to groundwater pumpage. Horizontal and vertical gradients at different
times during and after pumping will be determined. In addition, both hori-
zontal and vertical gradients at various distances from the water supply well
will be determined. Other horizontal flow responses that will be investigated
include the radius of influence of the water supply wells and directional
differences in the 2zone of influence. This information, in addition to
vertical hydraulic conductivity measured by the multiple-well aquifer test,

will be used to estimate vertical flow rates near pumping wells.
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5.2.1.7 Groundwater Samples

One objective of the Preliminary Groundwater Operable Unit RI
(Hydrogeologic Assessment) is to instail monitoring wells that can be used to
determine the magnitude and extent of groundwater contamination. Groundwater
from all new wells installed during the assessment and the Area B Groundwater
Operable Unit Remedial Investigation will be sampled and analyzed twice. Each
well will be sampled once immediately after well development. Approximately
one month after all new monitoring wells are sampled one time, a second round
of sampling will be started. The new wells will be sampled for volatile
organic chemicals, metals, and aromatic hydrocarbuns to establish a prelimi-
nary baseline for water quality. Approximately 20 percent of the new monitor-
ing wells will also be analyzed for semivolatile organic compounds by U.S. EPA
Method 8270. A summary of the number of analyses and analytical methods is
presented on Table 5-3. Sampling, analysis, and QA/QC procedures to be used
during the sampling events are described in the Draft Quality Assurance
Project Plan (QAPP) for McClellan AFB (Radian, October 1988). In addition,
water levels of all new wells installed during the Hydrogeologic Assesment
will be measured in a scheduled monthly sounding with pre-existing wells.
Water levels will be measured in all wells in one area in one day c: less, but
not all monitoring wells on McClellan AFB will be measured in one day. The
sounding data will be used in the production of potentiometric maps for each

monitored waterbearing zone.

5.2.1.8 Trenching

Trenching will not be required during the Preliminary Groundwater

Operahle Unit RI (Hydrogeologic Assessment).

5.2.1.9 Drum Sampling

Drum sampling will not be required during the Preliminary Ground-

water Operable Unit RI (Hydrogeologic Assessment).
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5.2.2 Evaluation-Related Tasks

Data management anc¢ analytical techniques that will be wused to
evaluate the data collected during the Preliminary Groundwater Operable Unit

RI (Hydrogeologic Assessment) are discussed below.

5.2.2.1 Data Management

The field investigation will generate large amounts of data in-
cluding groundwater quality samples. In addition, large amounts of relevant
environmental data have already been collected. Radian is thererore designing
and constructing a database system to provide for efficient storage and hand-
ling of the data. 'This system will be used to convert the raw fie.iu data and
analytical data into usable form for reporting. In addition, the database
will conform to the AFOEHL Installation Restoration Program Information

Management System (IRPIMS) and McCiellan AFB requirements.

The dat 'base will be designed to support the following activities:

. Archive and analyze data collected during the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment); and
) Produce sibsets of data to f rm summary reports and data files.
Data evaluation and reporting procedures are described in the "Draft
McClellan Air Force Base Quality Assurance Project Plan (QAPP)," (Radian,

October 1988).

A variety of data other than groundwater data will be gathered

during the program and will require proper management. These data include:

. Geologic logs, geology will be described using the Unified Soil

Classification and Wentworth systems;
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. Geophysical logs;

. Monitoring well construction details including:

-- Borehole diameter and depth,

-- Well diameter and depth,

- - Construction materials,

- - Screened interval,

-- Sand pack, sand bridge, bentonite seal, and grout
intervals,

-- Wellhead and casing protective apparatus,

-- Casing centralizer depths, and

-- Surface and casing elevations;
. Well development data; and

. Time versus drawdown data collected during aquifer testing and

evaluation of production well effects.

i All data described above will be recorded in the field on designated

forms. Forms that will be used include:

. Log of Drilling Operations;

. Well Completion Log;

. Well Development Log;

® Time and Materials Log;

. Daily Field Report;

° Photoionization Detector Screening Data Sheet; and

. Direct Reading Indicator Tubes Field Data Sheet.

Examples of these forms are presented in Figures 5-2 through 5-8.
The computerized database management system will be used to provide efficient
storage and handling of the physical data collected during the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment).
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5.2.2.2 Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment)

Data obtained during the Preliminary Groundwater Operable Unit RI
(Hydrogeologic Assessment) field effort will be used to develop a framework of
hydrogeologic conditions beneath and adjacent to McClellan AFB. This frame-

work will provide:

) A basis for determining the velocity, depth, and general areal

extent of groundwater contaminant migration;

. Estimates of aquifer and aquitard parameters necessary for the

development of groundwater models; and

. An understanding of hydrogeology necessary prior to determina-
tion of groundwater operable units and design of groundwater

remedial actions.

5.2.2.2.1 Evaluation of Geologic Data

Geologic data obtained from the Preliminary Groundwater Operable
Unit RI (Hydrogeologic Assessment) field investigation will enhance the
basewide correlation of zones of relatively low and high permeability and the
characterization of geologic conditions below a depth of 250 feet. Geologic
data will consist of lithologic descriptions (geological logs) and geophysical

logs which will be used to assess the subsurface geologic conditions at the

base.

The migration of contaminants in groundwater at the base depends on
the groundwater pathways and on the magnitude and orientation of the ground-
water gradient. Groundwater pathways and potential contaminant pathways at
the base are the widespread sandy deposits. Contrasting permeabilities within
the sands result from the heterogeneous distribution of grain size and tex-
ture. Permeability barriers may form where the sands thin or grade laterally

into less permeable materials. Vertical pathways for migration may be devel-
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oped where sands from later depositional episodes occur stratigraphically
above those from older episodes, and where low permeability strata pinch out

or have been breached by erosion.

O0f significant interest in the basewide characterization of geologic
conditions is the identification of sand deposits that may represent paleo-
channels. Under saturated conditions, the sands in paleochannels may act as
high permeability conduits for migration of groundwater and contaminants. The
relatively low permeability deposits adjacent to paleochannel sands would
retard horizontal or vertical movement of groundwater. Therefore, individual
paleochannels or concentrations of paleochannels in any hydrostratigraphic
unit beneath the base would provide preferred migration paths for groundwater

flow and contaminant migration.

Geology

Radian will continually evaluate geological and geophysical data as
they are obtained during the implementation of the Preliminary Groundwater
Operable Unit RI (Hydrogeologic Assessment) to increase the effectiveness of
the ongoing field activities. Following the completion of the field activi-
ties, Radian will compile and evaluate all new data and integrate new data
with data acquired previously. The approach to the acquisition and evaluation
of the Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment)

data is discussed below.

The acquisition and evaluation of data is time-dependent and will
occur in a staged fashion. Mud rotary drilling will occur initially; air

rotary casing drive drilling will follow.

Mud rotary drilling rigs will be used at 19 proposed well clusters
to drill 18 pilot holes and drill and construct one monitoring well. The mud
rotary drilling method will allow geophysical surveys to be conducted at 19
different locations. Five borings will be continuously cored. The method by

which the monitoring wells are drilled as presented in Table 5-2.
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The geophysical and lithologic core and cuttings logs obtained
during the drilling of wells by both the mud-rotary and air rotary casing
drive methods will be compared to lithologic and geophysical logs for existing
wells. Geologic logs based on classification of lithologic samples will
augment the geophysical logs to provide a more complete understanding of the

hydrologic regime at McClellan AFB.

5.2.2.2.2 Evaluation of Hydrologic Data

A variety of hydrologic data will be collected during the Prelimi-
nary Groundwater Operable Unit RI (Hydrogeologic Assessment). These include
static water-level data, aquifer test data, and groundwater-level data from
on-base production wells and nearby monitoring wells. The following subsec-
tions discuss the methods to be used to analyze the data collected during the

field-related tasks.

Potentiometric Surface Maps

A total of 51 new monitoring wells may be installed during the
Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment). Static
water levels will be measured in these new wells and in the existing wells
included in the McClellan AFB Groundwater Monitoring Network within a two day
period. Measurements of all monitoring wells in any area will be completed
within 8 hours to provide uniformity in water-level conditions. Potentio-
metric surface maps will be prepared for individual zones identified from the
evaluation of pre-existing data and interpretation based on new lithologic and
geophysical logs. Groundwater flow directions and horizontal and vertical

hydraulic gradients will be determined from the hydraulic head data.

Aquifer Tests

Single- and multiple-well aquifer tests will be conducted as part of
the Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment). The
aquifer tests will be conducted as described in Section 5.2.1.6. The mul-
tiple-well tests will be conducted at the Phase II, Stage 2-3, aquifer test

site and in Area C to determine vertical conductivity of the fine-grained
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layers sbove and below the middle monitoring zone and the fine-grained layer
at approximately 250 feet bgs. There will be 40 single-well tests conducted
primarily using monitoring wells to be installed as part of the Preliminary
Groundwater Operable Unit RI (Hydrogeologic Assessment). Many of the single-
well tests will be conducted in the east and southeast areas of the base where
little or no such data are available. These 40 single-well tests will be used
to characterize the hydraulic properties of the more permeable zones around

these wells.

Multiple-Well Aquifer Test--The aquifer system beneath McClellan

AFB, as observed in previous aquifer tests, is composed of multiple zones of
saturation that are "leaky." Analysis of previous aquifer tests conducted at
McClellan AFB have used the "r/B solution" by Hantush and Jacob (1946) that
relies on drawdown as measured in the pumped aquifer and that assumes that the
quantity of water released from storage in the aquitards is negligible. This
analytical method can be used under certain conditions to account for leakage
from either an overlying or underlying waterbearing zone, but not from both
(i.e., the zone being pumped is bounded on one side by an impervious layer).
Therefore, the r/B method cannot be used to quantify hydraulic conductivity of

aquitards when leakage occurs from both above and below the pumped aquifer.

The method to be used for the multiple-well aquifer test is the
"ratio method" developed by Neuman and Witherspoon (1972), which requires
measurement of head changes in the aquifers and the aquitards to determine
hydraulic diffusivity (a’) of the aquitards above and below the pumped aqui-
fer. The hydraulic diffusivity is equal to the hdyraulic conductivity divided
by specific storage (K/Ss). The ratio method is applicable to multiple
aquifer systems and to aquifers that may be confined or unconfined. The ratio
method relies on early time data, as determined by in-field measurements of

water levels in the unpumped aquifers and adjacent confining zones.

The analytical procedure for the ratio method requires calculating

the ratio of the drawdown in the aquitard (s’) to the drawdown in the pumped
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aquifer (s) at a specific time (t). A dimensionless time £factor (tD) is

calculated from the equation:

2
tD = Tt/Sr
where:
T = Transmissivity,
t = Time,
S = Storativity, and

r = Radial distance from the observation well to the pumping

well.

These values are used in conjunction with a series of established curves to
determine another dimensionless time factor (tD'). The hydraulic diffusivity,

a’, of the aquitard is calculated from the equation:
a' = (zz/t)t'
D
where:

z = Distance from the middle of the observation well screen

to the aquifer-aquitard interface,
Sé = Specific storage coefficient of the aquitard, and
tb = Dimensionless time factor.

The vertical hydraulic conductivity is then calculated from the relationship
a'= K'/S's. The specific storage is determined from laboratory consolidation
tests. A more reliable but much more technically complicated method, borehole
extensometers, can also be used to determine S's directly in the field.
However, the laboratory consolidation test is an acceptable method of deter-

mining specific storage (Neuman and Witherspoon, 1972),
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Single-Well Tests--Single-well tests in which monitoring wells will
be pumped while drawdown and elapsed time are recorded will be conducted in 40
monitoring wells. Data from these pumping tests will be analyzed using the
Papadopulos-Cooper (1967) method (see Kruseman and Ridder, 1983). This method

is useful for conditions in which well stciage cannct be neglected.

The Papadopulos-Cooper method involves plotting drawdown data versus
time on double logarithmic scales and matching data with type curves. Values
obtained from the type curve are then used to calculate transmissivity.
Transmissivity values determined from single-well tests represent only a
limited portion of the aquifer material. Therefore, many single-well tests
will be conducted to characterize the range of transmissivity values in an
area. Single-well tests are advantageous in areas where large-scale multiple-
well aquifer tests cannot be conducted due to a lack of observation wells.
Data can be collected in a short time and provide estimates of aquifer charac-

teristics.

Hydraulic conductivity will be determined from the calculated

transmissivity value by the equation:

K = T/b

where:

Hydraulic conductivity,

Transmissivity, and

Thickness of the waterbearing zone being pumped.

Hydraulic Effects of Water Supply Wells--The effect of pumping

schedules and rates of four on-base water supply wells will be evaluated using
pumping schedules and rates of the water supply wells, and water-level data
from the pumped well and nearby monitoring wells. The purpose of this evalua-
tion is to determine how pumping of these wells affects gradients and ground-

water flow directions. More specifically this evaluation will examine the
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zone of influence around each water supply, the magnitude of the induced
vertical and horizontal gradients, and the rate at which gradients change when
pump are turned on and off. This information will be used to qualitatively
assess the effects of water supply pumping on groundwater flow and, thus,

potential contaminant movement.

As described in Section 5.2.1.6, each water supply well and selected
nearby monitoring wells will be equipped with transducers connected to an
automated data logger. Water levels in the wells will be monitored over a
72-hour period, and the data stored in the data logger memory. The frequency
at which water levels are monitored will be determined after an initial review

of pumping schedules.

Time versus water-level data (hydrographs) will be qualitatively
evaluated to determine the hydrologic effects of the production wells. Data
from each water supply well and the surrounding monitoring wells will be
plotted on the same graph, to illustrate the magnitude and lag of hydraulic
response in the monitored zone as the water supply well goes on and off line.
These data cannot be used to determine aquifer parameters because each produc-
tion well is screened over several monitoring zonmes and hydraulic response is
monitored in one specific zone. Thus, the discharge component necessary to
calculate transmissivity for each individual waterbearing unit cannot be

determined because of the exrensive screen interval of the pumped well.

5.2.2.3 Demographic Survey

A demographic survey will not be conducted during the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment).

5.2.2.4 Evaluation and Screening of Data

All physical data collected during the Preliminary Groundwater
Operable Unit RI (Hydrogeologic Assessment) will be subjected to a quality

assurance evaluation. Data will be screened for completeness, accuracy,
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precision, and comparability, to the extent possible, and the methods used to
collect the data will be evaluated to determine their conformance to the QAPP
requirements. The Supervising Hydrogeologist will screen and evaluate all
data. Data will be evaluated as the field program progresses so that there
will be maximum opportunity to correct any deficiencies that may become
evident. Groundwater analytical data collected during the Preliminary Ground-
water Operable Unit RI (Hydrogeologic Assessment) will undergo data reduction,
validation, and reporting as specified by quality assurance procedures in the

McClellan AFB Draft QAPP (Radian, October 1988).

5.2.2.5 Endangerment Assessment

An endangerment assessment will not be conducted during the Prelimi-

nary Groundwater Operable Unit RI (Hydrogeologic Assessment).

5.2.2.6 Map and Cross Section Preparation

Maps will be presented as part of the report that will be prepared
at the conclusion of the Preliminary Groundwater Operable Unit RI (Hydrogeo-
logic Assessment). In general, the following types of maps will be prepared

to more clearly present the results of the Hydrogeologic Assessment:

. McClellan AFB features and boundaries;

° Locations for all monitoring wells and aquifer tests conducted;
. Potentiometric surface maps for various waterbearing zones; and
® Cross sections will be constructed to present hydrogeologic

interpretations based on all available lithologic and geophysi-
cal data. Contaminant concentrations will be included where

appropriate on cross sections.

Other methods of data presentation will be considered during the
preparation of the Preliminary Groundwater Operable Unit RI (Hydrogeologic
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Assessment) Report. For example, contaminant concentration isopleth maps,
fence diagrams, isopachous maps, and two-dimensional representation of
three-dimensional relationships will be prepared for the report if data are

sufficient for interpretation and presentation.

5.2.2.7 Treatability Studies

Treatability studies will not be conducted during the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment).

5.2.2.8 IRP Repoxts

As part of the data evaluation process for the Preliminary Ground-
water Operable Unit RI (Hydrogeologic Assessment), consideration will be given
to all hydrogeologic information presented in existing IRP reports. The
primary objectives of the Preliminary Groundwater Operable Unit RI (Hydrogeo-
logic Assessment) are to characterize hydrogeologic conditions and groundwater
contamination, especially in those areas where little or no work has been
conducted. As such, the Preliminary Groundwater Operable Unit RI (Hydrogeo-
logic Assessment) activities will utilize existing data to supplement current

knowledge about conditions across the study area.

The following IRP contractors have published reports that will be
available for use during the evaluation and interpretation of the Preliminary

Groundwater Operable Unit RI (Hydrogeologic Assessment) data:

° Radian Corporation;
° EG&G Idaho, Inc.;

° McLaren Environmental Engineering;
° Engineering-Science, Inc.;

° CH2M Hill;

. Luhdorf and Scalmanini; and

] Papadopulos & Associates.
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5.3 Site-Specific Discussion

Individual waste sites will not be investigated as part of the

Preliminary Groundwater Operable Unit RI (Hydrogeologic Assessment).
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6.0 REPORTING REQUIREMENTS

After completion of the field activities for this sampling and
analysis plan, a report will be written to compile and summarize data and to

present conclusions based on the interpretation of those data.

6.1 Remedial Investigation/Feasibility Study (RI/FS) Reports

A technical report describing all findings from the Preliminary
Groundwater Operable Unit RI (Hydrogeologic Assessment) will be prepared.
Information on hydrogeologic conditions and contaminant distribution produced
in the Preliminary Groundwater Operable Unit Remedial Investigation (Hydrogeo-
logic Assessment) will be used in feasibility studies. A proposed outline for

the technical report is presented in Table 6-1.

D13,/082889/hmm 6-1



CORPORATION

TABLE 6-1. PROPOSED OUTLINE FOR THE HYDROGEOLOGIC ASSESSMENT REPORT

Report Cover

Title Page

Disclaimer

Report Documentation Page (DD Form 1473)

Preface

Table of Contents

List of Figures and Plates
List of Tables
EXECUTIVE SUMMARY

1.0 INTRODUCTION
2.0 ENVIRONMENTAL SETTING
3.0 FIELD INVESTIGATION PROGRAM
4.0 RESULTS AND SIGNIFICANCE OF FINDINGS
5.0 ALTERNATIVE REMEDIAL MEASURES
6.0 RECOMMENDATIONS
BIBLIOGRAPHY (including list of scientific references and personal
communications)
APPENDICLCS:
A. Glossary of Definitions, Nomenclature, and Units of Measurement
B Copy of the Task Descriptions/Statement of Work (SOW)
C kaw Field Data
D. Chain-of-Custody Forms
E. Analytical data for groundwater samples and soil cuttings including
internal quality control data such as lab blanks, spikes, and lab
duplicates
F. Any correspondence with federal, state, and/or local governmental
agencies
Data from related or previous IRP investigations
Biographies of Key Personnel
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7.0 SCHEDULC

A preliminary schedule for the Preliminary Groundwater Operable Unit
Remedial Investigation (Hydrogeologic Assessment) to be conducted at McClellan
Air Force Base (AFB) is presented in Figure 7-1. A final schedule and chart
showing significant milestones will be prepared upon final approval of the
sampling and analysis plan by the United States Air Force (AF) and regulatory

agencies.
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Summary of Purgeable Halocarbon Concentrations

Detected in Monitoring Wells From 1980 to 1988, McClellan AFB
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