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1.0 INTRODUCTIO

The 200 Areas low-level burial grounds (LLBGs), located at the Hanford
Site in southeastern Washington State (Figure 1.1), receive dry mixed radio-
active and hazardous waste from various onsite and offsite U.S. Department of
Energy (DOE) operations. These wastes are regulated under Subtitle C, Haz-
ardous Waste Management of the Resource Conservation and Recovery Act (RCRA)
and the State of Washington’s Dangerous Waste Regulations (WAC 173-303). On
or about November 18, 1980, DOE submitted Part A of its permit application
(modified on several occasions since then) that qualified DOE for interim
status for a number of hazardous wasie activities. Under Consent Agreement
and Compliance Grder DE 86-133,(2) burial grounds 218-E-10, 218-E-12B, 218-W-
3A, 218-W-3A-E, and 218-W-4C were placed under interim status. As identified
in Part B of the permit application [currently being prepared by Westinghouse
Hanford Company (Westinghouse Hanford)], burial grounds 218-W-4B and 218-W-5
also are now under interim status. A future burial ground (218-W-6) will be
placed under interim status when it is constructed.

A ground-water monitoring program for the LLBGs was initiated in 1986.

The jnitial plan for this program (PNL 1987a) discussed the installation of
35 ground-water moniforing wells to be Tocated around four waste management

areas. These wells were installed in 1987 (Last et al. 1989).

This report revises the initial ground-water monitoring plan and spe-
cifically addresses the installation of 16 new monitoring wells.

1.1 PURPOSE_AND OBJECTIVES

The purpose of this plan is to present a ground-water monitoring program
that is capable of determining the impact of waste disposal to the LLBGs on
the quality of ground water in the uppermost aquifer anderlying the

(a) Letter from Kathleen D. Mix, Assistant Attorney General, State of
Washington, Olympia, Washington, to Robert Carosino, Attorney,
U.S. Department of Energy, Richland, Washington, October 2, 1986.

13
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FIGURE 1.1. Map Showing the Location of the Hanford Site and the
200 Areas Low-Level Burial Grounds

facility as required in 40 CFR 265 Subpart F. Specific objectives of this
plan include the following:

s presenting revisions to the initial ground-water monitoring systems
that can provide a preliminary indication of any hazardous waste
constituents that may have migrated from the waste management areas
to the ground water

s presenting a revision to the initial hydrogeologic characterization
plan.

This revised ground-water monitoring plan presents an overview of the
LLBGs, the waste characteristics, the geology and hydrology of the area, the

14
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background and indicator-evaluation ground-water monitoring programs, and an
outline of a ground-water quality assessment program.

The plan for the monitoring program is based on ground-water monitoring
requirements for RCRA interim-status facilities. The applicable monitoring
requirements are descr1bed in 40 CFR 265 Subpart F and WAC 173-303-400. The
State of Washington Department of Eco1ogy (Eco1ogy) impTements interim-status
ground-water monitoring regu]ations by reference in WAC 173-303- -400(3)(a) to
40 CFR 265 Subpart F.

The hydrogeologic characterization activities and ground-water moni-
toring systems presented in this plan constitute Phase II of the initial
program begun in 1986 (PNL 1987a). Hydrogeologic and ground-water chemistry
data from Phase I of this program were presented in previous documentation
(Last et al. 1989; PNL 1987b, 1987c, 1987d, 1987e, 1988a, 1988b). Data col-
lected during Phase II will be interpreted and evaluated before initiating
additional hydrogeologic characterization and well instailation activities.

15
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2.0 BACKGROUND INFORMATION

The DOE’s Hanford Site is located in southeastern Washington State (see
Figure 1.1). The Hanford Site has been used for nuclear reactor operation,
reprocessing and storage of spent nuclear fuel, and management of radioactive
wastes. The fuel reprocessing and radioactive waste management facilities in
the 200-East and 200-West Areas (the Separations Areas) are operated by West-
inghouse Hanford. More than 45 years of operations in these areas have
resulted in the storage, disposal, and accidental release of radicactive
and/or hazardous wastes.

Solid low-level radioactive, transuranic (TRU), and radioactive-mixed
wastes have been routinely stored or disposed in shallow uniined burial
trenches. Low-level radicactive wasie is defined as radiocactive material not
classified as high-level waste, spent nuclear fuel, or by-product material.
Transuranic waste is defined as radioactive waste that is contaminated with
alpha-emitting transuranium nuclides with half-lives greater than 20 years
and concentrations greater than 100 nCi/g (DOE 1987). Radioactive-mixed
waste contains both radioactive and hazardous materials.

These burial trenches have been constructed in groups referred toc as
LLBGs. The initial ground-water monitoring plan for the 200 Areas LLBGs

(PNL 1987a) covered all or portions of six LLBGs (218-E-10, 218-E-12B,
218-W-3A, 218-W-3A-E, 218-W-4C, and 218-W-5). These LLBGs were grouped into
four waste management areas (WMAs). These WMAs have since been expanded to
include additional portions of burial grounds 218-E-10, 218-E-12B, and
218-W-4C, and an additional burial ground, 218-W-4B. A fifth WMA has been
designated to cover the 218-W-6 burial ground.

This section describes the WMAs and their geologic and hydrologic
environments.

2.1 FACILITY DESCRIPTION

This facility description provides the reader with the authors’ under-
standing of the facilities and wastes that are the focus of this revised
ground-water monitoring plan. This description includes the location and

17
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physical Tayout, operational history, and waste characteristics of each WMA.
This discussion is based on information from Maxfield (1979), the Waste
Information Data System (WIDS), and the Solid Waste Information Management
System (SWIMS). Both WIDS and SWIMS are managed by Westinghouse Hanford.
This information was current as of February 1, 1989, but may become outdated
as conditions change and additional information is gained. The waste
information received from these data base systems is of variablie and unknown
quality. Most of these data have not been controlled in accordance with the
latest requirements. Figures 2.1 and 2.2 illusirate the locations of the
five WMAs and their associated LLBGs in the 200-Fast and 200-West Areas,

respectively.

2.1.1 MWaste Management Area 1

This section provides the Tocation and physical description, opera-

tional history, and waste characteristics of Waste Management Area 1 (WMA-1).

2.1.1.1 Location and Physical Description

Waste Management Area 1 is Tocated in the northwestern corner of the
200-East Area (see Figure 2.1). This WMA encompasses the 218-E-10 burial
ground that is separated into two parts: an active portion in the south and
a future expansion area in the north (Figure 2.3). Originally, WMA-1 only
encompassed the southern portion of the burial ground, but was recently
expanded to include the northern portion as well.

The southern portion of the 218-E-10 burial ground is an active land-
fill, covering an area of 56.7 acres. This portion contains 18 unlined dis-
posal trenches running north-south and 1 trench running east-west. These
trenches are typically V-shaped excavations approximately 15 ft deep, which
vary in length from approximately 750 to 1,400 ft. Trench 1 is 24 ft deep
with a 15-ft-wide bottom. The one east-west trench also has a 15-ft-wide
bottom and is only 100 ft long. These unlined trenches are excavated into
the natural surface materials that consist of coarse gravel, cobble, and
boulders, with some interstitial sand. Generally, these trenches are
excavated with 1:1 to 1:1.5 side slopes.
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The northern portion of the 218-E-10 burial ground, covering an area of
37.7 acres, has not been used, but is designated for future expansion.

2.1.1.2 DOperational History

Disposal operations at the 218-E-10 burial ground began in 1960 and con-
tinue to the present. Waste disposed at this site has been received from the
Plutonium Uranium Extraction (PUREX) Plant, B Plant, and N Reactor, and con-
sists primarily of drag-off wastes, failed equipment, and mixed industrial
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wastes (Maxfield 1979). The east-west trench contains 69 concrete hot cell
cover blocks and 4 centrifuge blocks. The tops of the bails of these blocks
may be only 18 in. below grade.

2.1.1.3 MWaste Characteristics

The approximate total waste volume as of January 1988 for the 218-E-10
burial ground was 25,000 yd3, with an estimated total radiologic inventory
of more than 2,000,000 Ci (decayed through September 30, 1987). A summary of
the radiologic inventory is presented in Table 2.1. The hazardous materials
disposed to the burial ground between 1968 and December 31, 1987, include
lead and asbestos in unknown volumes (taken from the SWIMS data base).

2.1.2 Wasie Managemeni Area 2

This section provides the location and physical description, operational
history, and waste characteristics of Waste Management Area 2 (WMA-2).

2.1.2.1 Location and Physical Description

Waste Management Area 2 is located in the northeastern corner of the
200-East Area (see Figure 2.1). Originally, this WMA encompassed only the
central portion of the 218-E-12B burial ground (PNL 1987a), which was

TABLE 2.1. Estimated Radiologic Inventory for Waste Management
Area 1 (taken from the WIDS data base)

Radionuclide Activity, ci(8)
14¢ 83
5 8
60¢, 3,700
0g,. 950, 000
103, ]
137¢ 1,100,000
152;, 154, 155¢, 650
Total uranium 1
Total plutonium 560

(a) Decayed through September 30, 1987.
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initially the only active portion of the burial ground. However, WMA-2
recently was expanded to include the eastern and western portions of the
218-E-12B burial ground (Figure 2.4).

The 218-E-12B burial ground is an active 1andfill that covers an area of
173.1 acres and as of January 1988 contained 94 uniined disposal trenches.
These trenches generally run north and south, and vary in Tlength from approx-
imately 300 to 1,900 ft. These V-shaped trenches are generally excavaied to
depths of 16 ft, with bottom widths from 0 to 10 ft. Trench 94 is a large
square trench excavated to a depth of approximately 60 ft, with bottom dimen-
sions of approximately 350 by 350 ft. A graded ramp provides access to the
trench bottom.

The spoils from excavation of the trenches are used to backfill over the
waste materials. This backfill generally consists of large gravel, cobbles,
boulders, and sand. Some portions of the burial ground have been covered
with an additional 2 ft of finer grained soil and have been revegetated with
shallow-rooted plants.

2.1.2.2 Operational History

Waste disposal operations began at this site in 1967 and continue to the
present. Waste disposed at this burial ground has been listed as miscella-

neous dry waste (Maxfield 1979). Transuranic waste is present in some
trenches. Trench 94 receives Targe submarine reactor compartments. The vol-
ume of waste disposed in the 218-E-12B burial ground is estimated at

48,000 yd3.

2.1.2.3 Waste Characteristics

The 218-E-12B burial ground has an estimated total radiologic inventory
of over 160,000 Ci (decayed through September 30, 1987). A summary of the
radiologic inventory is presented in Table 2.2. A 1ist of the hazardous
materials disposed between 1968 and December 31, 1987, is presented in
Table 2.3. The volume of each of these materials is unknown.

2.1.3 Waste Management Area 3

This section provides the Tocation and physical description, operational
history, and waste characteristics of Waste Management Area 3 (WMA-3).
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. TABLE 2.2. Estimated RadioTogic Inventory for Waste Management
Area 2 (taken from the WIDS data base)
Radionuclide Activity. cifa)
14C . 3
n 400
59Fe 5
8 20
60¢, 63,000
63y 37,000
0g,. 28,000
13705 28,000
0 Total plutonium 170
159
- (a) Decayed through September 30, 1987.

TABLE 2.3. Hazardous Materials Disposed to Waste Management
o Area 2 Between 1968 and December 31, 1987 (taken
from the SWIMS data base)

e

. Batteries Freon 12 Mercury Sulfuric acid

~ Copper Lead 011 Tar

T Creosote Lead shielding Polyurethane

™N 2.1.3.1 Location and Physical Description

-~ Waste Management Area 3 is located in the north-central portion of the

200-West Area (see Figure 2.2). When originally established, this WMA encom-
passed all of burial ground 218-W-3A and portions of 218-W-3A-E and 218-W-5
(PNL 1987a). Those portions of 218-W-3A-E and 218-W-5 not included in WMA-3
were designated for future expansion. Recently, however, WMA-3 has been
expanded to include all of 218-W-3A-E and 218-W-5 (Figure 2.5).

Burial ground 218-W-3A covers an area of 50.3 acres and consists of
61 unlined disposal trenches, which vary in length from approximately 400 to
930 ft.
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Burial ground 218-W-3A-E covers an area of 49.4 acres and consists of
31 unlined trenches, with lengths of approximately 1,075 to 1,250 ft, bottom
widths of 18 to 48 fi, and depths of 16 to 20 ft. A minimum of 8 ft of back-
fill is placed over the wastes.

Burial ground 218-W-5 covers an area of approximately 84 acres and con-
sists of 35 unlined waste trenches. These trenches are 15 to 40 ft wide,
530 to 1,160 ft long, and 17 to 20 ft deep. Another 22 trenches are planned.

2.1.3.2 Operational History

Burial ground 218-W-3A began receiving waste in 1970. Wastes disposed
to this burial ground include: TRU and non-TRU wastes; waste from Three Mile
Istand cleanup; irradiated fuel elements from General Electric, Valiecitos,
California; large concrete burial boxes of radioactive soil from a salt waste
spill; and industrial waste.

Burial ground 218-W-3A-E was placed in operation in 1981. The waste
disposed in this burial ground is described as miscellaneous waste {rags,
paper, rubber gloves, disposable supplies, broken tools, etc.) and industrial
waste (failed equipment, tanks, pumps, ovens, agitators, heaters, hoods,

+ Jjumpers, vehicles, and accessories).

Burial ground 218-W-5 began receiving waste in 1986.

2.1.3.3 Waste Characteristics

Burial ground 218-W-3A has received a total voiume of waste estimaied at
110,000 yd3. The total radiologic inventory is estimated at over 730,000 Ci
(decayed through September 30, 1987). A summary of the radiologic inventory
for the 218-W-3A burial ground is provided in Table 2.4. A list of the haz-
ardous materials disposed prior to December 31, 1987, is provided in
Table 2.5.

An estimated 12,000 yd3 of waste had been disposed to the 218-W-3A-E
burial ground as of January 27, 1988. The estimated total radiologic inven-
tory for this burial ground is greater than 61,000 Ci (decayed through
September 30, 1987). A summary of the radiologic inventory for burial ground
218-W-3A-E was provided in Table 2.4. A list of the hazardous materials
disposed prior to December 31, 1987, was presented in Table 2.5.
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TABLE 2.4. Estimated Radiologic Inventory for Waste Management
Area 3 (taken from the WIDS data base)
Activity Actiyity,
Radionucl ide Gy Radionuclide 38
Burial Ground 218-W-3A Burial Ground 218-W-3A-E
3 180,000 3 23,000
14c 4,300 14¢ 10
22N 1 S4yn 13
54y 15 60co 5,700
60co 61,000 85k 12
85¢r 1,700 90gy 15,700
?g r 150,000 %g7Ru 1
Ru 23 Cs 17,000
125gp 170 152gy, 154g,, 153y, 120
134¢ 1,800 Total uranium 22
137¢cs 310,000 Total plutonium 1
147pp 1,200
152p,, 154g,, 155 22,000
241 pm 71
Total uranium 88
Total plutonium 3,300
ActiYiFy,
Radionuclide gita
Burial Ground 218-W-5
? 910
l4¢ 6
54mn 7
59Fe 1
58cq 210
60¢q 2,300
905, 40
106py 1
137¢s 73
152g, 154Eu, 155Eu 91
241p,° 3
Total uranium 4
Total plutonium 1
(a) Decayed through September 30, 1987.
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. TABLE 2.5,

Burial Ground 218-W-3A

Hazardous Materials Disposed to Waste Management
Area 3 Between 1968 and December 31, 1987 (taken
from the SWIMS data base)

Burial Ground 218-W-3A-E

Acetonitrile
Aliquat 336

Napthyalene
Nitric acid

Aluminum nitrate
Asbestos

Amalgamated mercury Normal paraffin hydro Beryl1ium
Anase 0i1 Beryliium zirconium
Asbestos Organic Carcinogens
Barium Phosphoric acid Charcoal
Batteries Polyurethane Chromium
Beryllium Psuedocumene Copper
Beryllium zinc Silver Freon II
Butyl acetate Silver nitrate Lead
Cadmium Slaked Time Lead brick
¢~ Carbon tetrachloride Sodium Lead pies
Carcinogens Sodium hydroxide Lead shielding
~* Caustic Solvents Mercury
. Charcoal Tar Nitrate
“ Chromium Toluene 011
¢~ Copper Tributyl phosphate PolychTorinated
Cortisporin Triclorethylene biphenyls, oil
¢ Cyclohexane Trioctyl phosphine 0 Perchloroethylene
Cylcohexanone Tetrahydrofuran Potassium chloride
~ DDCP Uranium hexafluoride Potassium nitrate
. Dibutyl phosphate Xylene Silver
Dioxane Xylene/psuedocumene Sodium chloride
o Ethanol Xylene/toluene Sodium fluoride
" Ethanolamine Zirconium Sodium hydroxide
— Ethylene glycol Sodium nitrate
Freon I Sulfuric acid
¢ Glycerine Tar
Hexane Trichlorethene
™ Hexanol Zirconium
Isopropano]l

Isopropyl alcohol
Kerosene

Burial Ground 218-W-5

Lead Charcoal

Lead brick Lead

Lead cadmium Lead brick
Lead shielding Lead shielding
Lithium fluoride 011

Mercury Staked lime
Methanol

Napthlamine tritium
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The total radiologic inventory for the 218-W-5 burial ground is esti-
mated at over 3,600 Ci (decayed through September 30, 1987). A summary of
this radionuclide inventory was also provided in Table 2.4. A Tlist of the
hazardous materials disposed prior to December 31, 1987, was also provided in
Table 2.5.

2.1.4 MUaste Management Area 4

This section provides the location and physical description, operational
history, and waste characteristics of Waste Management Area 4 (WMA-4).

2.1.4.1 Location and Physical Description

Waste Management Area 4 is located in the south-central portion of the
200-West Area (see Figure 2.2). As originally established, this WMA encom-
passed only the 218-W-4C burial ground, except for an eastern extension that
was designated for future expansion. This WMA has since been expanded to
include the eastern portion of 218-W-4C and a northern addition, the 218-W-4B
burial ground as well (Figure 2.6).

Burial ground 218--4B covers an area of 8.6 acres, containing
13 unlined east-west trenches and one east-west trench into which 12 caissons
were placed.

The 218-W-4C burial ground covers 51.7 acres. This burial ground con-
tains 82 trenches and asphalt pads, generally ranging from approximately 500
to 700 ft long. The asphalt pads and trenches, designated as retrievable
storage units (RSUs), have a paved asphalt bottom or have fire-retardant ply-
wood placed on the bottom. Plywood is also placed on top and.between Tayers
of stacked waste. A Tayer of heavy plastic and at least 4 ft of soil are
then placed over the filled portions of the RSUs. Figure 2.7 illustrates the
design of a typical RSU.

2.1.4.2 Operational History

The 218-W-4B burial ground began receiving waste in 1967 (Maxfield
1979). This waste is described as miscellaneous solid radiocactive-mixed
waste and was received from a number of sources on the Hanford Site, includ-
ing the 100-N, 100-C, 200-West, and 300 Areas (data from SWIMS). Waste in
the 13 northernmost trenches was buried prior to November 19, 1980. Two of
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The 218-W-4C burial ground began receiving waste in 1978 and is still
active. The Navy reactor core trench (north end) contains a number of sub-
marine reactor cores. One trench contains drums with plutonium-contaminated
soil from the 216-Z-9 crib and noncombustible TRU waste (data from WIDS).
Another trench contains drums of assorted combustible TRU waste and one
module of noncombustible TRU waste. The remaining irenches contain
segregated TRU wastes.

2.1.4.3 Waste Characteristics

Burial ground 218-W-4B has an estimated radiologic inventory of approxi-
mately 137,600 Ci (data from WIDS; decayed through June 30, 1988). Table 2.6
summarizes the estimated radionuclide inventory, and Table 2.7 Tists the haz-
ardous materials disposed prior to December 31, 1987.

As of January 27, 1988, the 218-W-4C burial ground had received approxi-
mately 16,000 yd3 of waste, with an estimated total radiologic inventory of
640,000 Ci [data from WIDS; decayed through September 30, 1987}. See
Tables 2.6 and 2.7 for the radiologic inventory and hazardous materials 1list
for the 218-W-4C burial ground.

2.1.5 Waste Management Area 5

This section provides the location and physicai description, operational
history, and waste characteristics of Waste Management Area 5 (WMA-5).

2.1.5.1 Location and Physical Description

Waste Management Area 5 is located in the north-central portion of the
200-West Area, immediately east of WMA-3 (see Figure 2.2). This WMA encom-
passes the 218-W-6 burial ground and was not included in the original ground-
water monitoring pilan (PNL 1987a).

The 218-W-6 burial ground covers an area of approximately 44.5 acres
(Figure 2.8).

2.1.5.2 QOperational History

This burial ground has not been used, but is designated for future use.
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Estimated Radiologic Inventory for Waste Management

Area 4 (taken from the WIDS data base)

Radionuclide Activity, cifa)
Burial Ground 218-W-4B
3y 80, 000
14¢ 1,900
60¢, 14,000
90g,. 12,000
3z, 2
1375 13,000
147, g
152, 154g,, 153g, 7,700
2410 1,400
Total uranium 81
Total piutonium 7,500
Radionuclide Activity, ci{b)
Burial Ground 218-UW-4C
3y 30
14¢ 1
S4yn 430
59Fe 91
58¢o 310
60¢co 320,000
63 8,800
90gy 130,000
106Ru 8
137¢s 140,000
152Eu, 154Eu, 155y, 18
241pm 490
" Total uranium 7
Total plutonium 39,000

(a} Decayed through June 30, 1988.
(b) Decayed through September 30, 1987.
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‘ TABLE 2.7. Hazardous Materials Disposed to Waste Management
Area 4 Between 1986 and December 31, 1987 (taken
from the SWIMS data base)

Burial Ground 218-W-4B
BerylTium
Lead
Lead brick
0i1
Zirconium

Burial Ground 218-W-4C

© Acid Organic
Antifreeze Paint thinner
s Beryllium Slaked 1ime
wr Chromium Sodium
- Copper Sodium diuranate
o Copper suifate Sodium fiuoride
‘o Corrosives Sodium hydroxide
. Lead Sodium nitrate
N Lead brick Solvents
D Lead shielding Tar
— Mercury Uranium hexafluoride
o Nitric acid Vinyl chloride
~ 0il Zirconijum
2.1.5.3 MWaste Characteristics
This burial ground has not received any waste.
2.2 GEOLOGY

This section provides background information on the regional geologic
setting of the Hanford Site, the geology beneath the 200 Areas, and the
geology beneath the LLBGs. This information supports preparation of the
indicator-evaluation ground-water monitoring program presented in
Section 3.0.
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The geology of the Columbia Plateau and particularly the Pasco Basin, in
which the Hanford Site is situated, has been studied in detail for DOF as
part of the siting studies for a deep geologic repository for nuclear waste.
Much of the information known about the Hanford Site, especially near the
200-West Area where the candidate repository site was to be Tocated, has been
summarized (DOE 1988). Studies also have been done in support of nuclear
power plant licensing efforts, including those for the Washington Public
Power Supply System (Supply System 1981) and the Skagit/Hanford Project (PSPL
1982). More detailed information is available in the following reports:

» on the structural geology and tectonics--Caggiano and Duncan
(1983); Reidel, Fecht, and Cross (1982); and Tolan (1986)

 on the basalt stratigraphy and chemistry--Reidel, Fecht, and Cross
(1982) and Swanson et al. (1979)
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e on the sedimentary units interfingered with and overlying the
basalts--Bjornstad (1984, 1985); Fecht, Reidel, and Tallman (1985);
Graham, Last, and Fecht (1984}; Myers/Price et al. (1979); and
Myers and Price (1981).

Most of the background information on the geology of the 200 Areas was
obtained from past studies on the installation of ground-water monitoring
wells by the operating contractor (currently, Westinghouse Hanford) and
Pacific Northwest Laboratory (PNL). Tallman et al. (1979) provide the prin-
c¢ipal in-depth study of the geology of these areas. Detailed descriptions of
the site geology were also obtained from Bjornstad (1984, 1985); Graham,
Last, and Fecht (1984); Last et al. (198%); and Myers and Price (1981). In
addition, large amounts of data are available from computer data bases [e.q.,
the Hanford Ground-Water Data Base (managed by PNL), and the ROCSAN Data Base
System (managed by Boeing Computer Services Richland)], hard copy files
(e.g., borehole logs and geophysical logs), or stored geologic samples [Han-
ford Geotechnical Sample Library (managed by Westinghouse Hanford)].

Information on the geology of the LLBGs was obtained from Brown and
[saacson (1977), Tallman et al. (1979), and from a recent report on the
hydrogeology of the LLBGs by Last et al. {1989).

2.2.1 Reqgional Geologic Setting

The Hanford Site Ties within the Columbia Plateau, which is generally
characterized by a thick sequence of tholeiitic basalt flows called the
Columbia River Basalt Group {Swanson et al. 1979)}. These flows have been
folded and faulted, creating broad structural and topographic basins separ-
ated by asymmetric anticlinal structures (i.e., ridges). Sediments up to
1,700 ft thick have accumulated in some of these basins. The Hanford Site
lies within one of these basins, the Pasco Basin (Figure 2.9).

Principal geologic units within the Pasco Basin include, in ascending
order, the Columbia River Basalt Group (Miocene), the Ringold Formation
(Miocene-Pliocene), and the Hanford formation (Pleistocene). A regionally
discontinuous veneer of recent aliuvium, colluvium, and/or eolian sediments
overlies the principal geologic units.
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FIGURE 2.9. Location Map of the Hanford Site Within the Pasco Basin,
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2.2.2 Geology of the 200 Areas

The surface topography of the 200 Areas is the result of two geomorphic

processes: 1) Pleistocene cataclysmic flooding and 2) Holocene eolian
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activity. Cataclysmic flooding, which ended approximately 13,000 years ago
(Mullineaux et al. 1978), created Cold Creek bar (Bretz, Smith, and Neff
1956), a prominent flood feature within the Pasco Basin (Figure 2.10). The
last flood(s) covered the 200 Areas with a blanket of coarse-grained depos-
its, which become finer grained to the south. The norithern boundary of the
flood bar is defined by an erosional channel running east-southeast, which
formed during waning stages of flooding as flood waters drained from the
basin (Bjornstad, Fecht, and Tallman 1987). The northern haif of the
200-East Area lies within this paleoflood channel (see Figure 2.10). A
secondary flood channel, running southward off the main channel, bisects the
200-West Area.

Since the end of the Pleistocene, winds have reworked the surface of the
glaciofluvial sediments Tlocally, depositing a thin veneer of eolian sand in
places. Holocene sand dunes are present along the southern boundary of the
200-East Area (see Figure 2.10). Holocene alluvium, associated with the Cold
Creek-Dry Creek alluvial plain, was deposited less than 1 mile southwest of
the 200-West Area (see Figure 2.10).

The 200 Areas lie within the Cold Creek syncline, which is bounded on
the north by the Umtanum Ridge-Gable Mountain anticlinal siructure and on the
south by the Yakima Ridge anticlinal structure {see Figure 2.9). Bedrock
(Columbia River basalt) dips gently (<5 degrees) to the south-southwest
beneath the 200 Areas, except in the southwestern corner of the 200-West Area
where beds are nearly flat and 1ie along the axis of the Cold Creek syncline.

The generalized stratigraphy of the 200 Areas is shown in Figure 2.11.
The bedrock is composed of basalt flows belonging to the Columbia River
Basalt Group. The uppermost basalt flow that lies beneath most of the
200 Areas belongs to the Elephant Mountain Member. This basalt member is
separated from the underlying Pomona Member by a sedimentary unit, referred
to as the Rattlesnake Ridge interbed (see Figure 2.11).

Overlying the Columbia River Basalt Group is the fluvial-lacustrine
Ringold Formation, consisting of variably mixed and interbedded Tayers of
gravel, sand, silt, and clay. Within the 200 Areas, the Ringold Formation
has been divided into four textural units: basal, lower, middle, and upper
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(Tallman et al. 1979). The basal Ringold unit consists of siity sandy gravel
overlain by fine-grained sand, silt, or clay (Bjornstad 1984, 1985). Over-
1ying the basal Ringold is the lower Ringold unit, consisting of silty
coarse- to medium-grained sand, sandy silt, and clay (Tallman et al. 1979).
Sediments of the lower Ringold unit are often indurated and have been recog-
nized locally as a potential confining layer. The principal Ringold unit
present throughout nearly all of the 200 Areas is the middle Ringold unit.
The unit consists of well-rounded sandy gravel with some silty sand lenses.
The gravels typically range from pebble to cobble in size; however, boulders
are Tocally common {Tallman et al. 1979). Because of the textures and litho-
Togic simiTarities of the gravel clasts, the coarse-grained basal and middle
Ringold units are difficult to distinguish unless separated by the fine-
grained basal Ringold unit or the lower Ringold unit. The upper Ringold unit
is a sequence of alternately bedded and laminated arkoesic sand and/or silt
and silty clay (DOE 1988, pp. 1.2-117 and 1.2-129; Tallman et al. 1979,

pp. 36 and 37).

Not all of the units of the Ringold Formation are present throughout the
200 Areas. ATl four units are currently identified only in the western and
southern portions of the 200-West Area, while little or no Ringold is present
in the northeastern portion of the 200-East Area (Tallman et al. 1979,
p. 28). The thickness of the Ringold Formation ranges from approximately
500 ft in the southwestern portion of the 200-West Area to 0 ft over the
northeastern portion of the 200-East Area. The Plio-Pleistocene unit
(Bjornstad 1984, 1985) found beneath the 200-West Area represents a highly
weathered paleosurface that developed atop the Ringold Formation (Brown 1959,
1960). The DOE (1988, p. 1.2-129) and Last et al. (1989, p. 5.78) suggest it
is a pedogenic calcrete with secondary calcium carbonate cement exceeding
30 wt% in places. Overlying the Plio-Pleistocene Gnit is an unconsolidated,
muddy fine sand to sandy mud believed to be Toess (windblown silt and sand})
derived from either the P1io-Pleistocene unit or the upper Ringold unit
(Brown 1960). Tallman et al. (1979, pp. 37 through 39) referred to this unit
as the early "Palouse” soil. The Plio-Pleistocene unit (Bjornstad 1984) and
the early "Palouse” soil are present over most of the 200-West Area, but are
missing from the 200-East Area. These deposits were eroded away during
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post-Ringold fluvial incision and cataclysmic flooding. Deposits associated .
with Pleistocene-age cataclysmic floods are informally referred to as the
Hanford formation. Near flood channels (i.e., northern portion of the
200-East Area), coarse deposits of gravel and sand directiy overlie basalt,
while to the south and west more slack-water-type deposits of sand and silt
lie between or beneath coarse-grained flood deposits {(Tallman et al. 1979).
The thickness of the Hanford formation ranges from approximately 20 ft in the
northern portion of the 200-West Area (Last et al. 1989, p. 5.92) to approx-
imately 300 ft in the southern portion of the 200-East Area (Tallman et al.
1979, p. 89). In places, the Hanford formation is overlain by a thin {0- to
10-ft) veneer of eolian sand.

Graham, Last, and Fecht (1984) indicate the possibiTity that the
Elephant Mountain Member has been completely eroded near the northeastern
corner of the 200-East Area, with partial erosion over a larger area. This
may indicate that the Hanford formation directly overlies the Rattiesnake
Ridge interbed northeast of the 200-East Area.

2.2.3 Site Geology

The following discussion of site geology is divided into five sections,
one for each of the WMAs: WMA-1 and WMA-2, located in the 200-East Area
(Figure 2.12) will be discussed first, followed by WMA-3, WMA-4, and WMA-5,
tocated in the 200-West Area (Figure 2.13}. In general, the geology in WMA-1
and WMA-2 is much less diverse than in WMA-3, WMA-4, and WMA-5.

The interpretation of the geology in the vicinity of the LLBGs is based
on borehole data from 35 recently installed wells, as well as a multitude of
previocusly existing wells, presented in Last et al. (1989). Previously pub-
lished information on the geology of the LLBGs appears in Brown and Isaacson
(1977), DOE (1988), and Tallman et al. (1979).

2.2.3.1 Geology of Waste Management Area 1

Interpretation of the geology beneath WMA-1 is based on data from eight
new monitoring wells and several previously existing boreholes, located on
Figure 2.14 and reported in Last et al. (1989). Three geologic formations
are present beneath WMA-1: 1) the Tate-Miocene Saddle Mountains Basalt,
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2} the Miocene/Pliocene Ringold Formation, and 3) the Pleistocene Hanford

formation (Figure 2.15).
"Palouse” soil and the Plio-Pleistocene
200-West Area, have not been identified

Other stratigraphic units, such as the early

unit, which are present in the

in the 200-East Area. These units

may have been present in the 200-East Area at one time, but have subsequently

been removed via erosion by the Columbia River and/or Pleistocene cataclysmic

floods.
through 2.20) show the distribution and
WMA-1.
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FIGURE 2.15. Generalized Stratigraphy for Waste Management Area 1

The uppermost basalt flow in WMA-1 is the Elephant Mountain Member,
dated at 10.5 milljon years before present (McKee, Swanson, and Wright 1977).
Contours on the surface of the Elephant Mountain Member are shown in Fig-
ure 2.21. In the southwestern portion of WMA-1, the Elephant Mountain Member
is overlain by a thin sequence of coarse-grained deposits belonging to the
Ringold Formation (see Figure 2.15). The interpreted distribution and thick-
ness of the Ringold Formation, only detected in three wells from WMA-1, are
shown in Figure 2.22. It is uncertain whether the Ringold Formation in this
area is equivalent to the coarse-grained basal or middle Ringoid units.

As shown in Figure 2.16, the Ringold Formation is not present over most
of WMA-1; where the Ringold Formation is missing, the Hanford formation
directly overlies basalt. The combined thickness of the Ringold and Hanford
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Formations is shown in Figure 2.23. Evidently, most of the Ringold Formation
was eroded from the northern part of the 200-East Area by cataclysmic floods.
This is indicated by the extent of the Ringold Formation (see Figure 2.23),
which roughly coincides with a paleoflood channel Tocated along the northern
edge of Cold Creek bar (see Figure 2.10).

The Hanford formation in the vicinity of WMA-1 can be subdivided into
three informal units: 1) an upper coarse-grained unit and 2) a Tower coarse-
grained unit separated by 3) a sand unit (see Figure 2.15). The names
applied to these units represeni only a gross generalization of their true
nature because facies, ranging from sandy gravel to sandy mud, may be
associated with these units.

Even though the Hanford formation is predominantly coarse-grained sand
and gravel (Pasco Gravels facies), there are minor amounts of fine-grained
sediments as well. These consist mostly of well-sorted sand [plane-
laminated sand facies of Bjornstad, Fecht, and Tallman (1987)] and occasional
thin Tayers of slack-water sand and silt, perhaps equivalent to the Touchet
Beds facies. These minor fine-grained layers are significant because they
could cause perched water conditions resulting in lateral migration of
contaminants within the vadose zone beneath WMA-1.

The units of the Hanford formation vary in thickness beneath WMA-1. For
example, the sand unit reaches a maximum thickness beneath the east-central
portion of WMA-1 and thins dramatically both north and south (Figure 2.24).
In contrast, maximum thickness for the upper and lower coarse-grained units
occurs southeast and southwest of WMA-1, respectively (Figures 2.25 and
2.26).

Contours atop the lower coarse-grained and sand units of the Hanford
formation are shown in Figures 2.27 and 2.28. While there is some suggestion
for east-west-trending patterns in the isopach and structure-contour maps,
perhaps reflecting paleoflood channels, these patterns are not consistent
among the different units. Thus, changes in thickness and surface topography
probably represent lateral facies changes within the Hanford formation rather
than paleogeomorphic Tandforms.
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2.2.3.2 Geology of Waste Management Area 2

Interpretation of the geology beneath WMA-2 is based on data from eight
new monitoring wells and four previously existing wells (Figure 2.29)
reported in Last et al. (1989). Basically, only a singie stratigraphic unit
(i.e., the Hanford formation) is present above the basalt beneath WMA-2 (Fig-
ure 2.30). Apparently, the Ringold Formation was totally stripped away in
this area by Pleistocene cataclysmic floods.

SimiTar to WMA-1, the uppermost basalt unit is the Elephant Mountain
Member, except in the northeastern corner of WMA-2 where there is evidence to
suggest the Elephant Mountain Member has been eroded (Graham, Last, and Fecht
1984). A "window" eroded into the Rattliesnake Ridge interbed may occur

Mwithin a suspected depression just northeast of the 200-East Area (see Fig-
esure 2.21). Here, the Hanford formation may 1ie in direct contact with the
g?Ratt1esnake Ridge interbed. Such a relationship is significani because it
~would allow for hydraulic communication between the confined (Rattlesnake

Ridge interbed} and unconfined {Hanford formation) aquifer systems.

L™

oy

The sediments included in the Hanford formation consist of sequences of
muddy sandy gravel, gravelly sand, and/or sand (see Figure 2.30). The rela-

e

tionships between these facies are shown in a fence diagram {(Figure 2.31) and
in four cross sections (Figures 2.32 to 2.35). Unlike WMA-1, it is not pos-

~—sible to subdivide the Hanford formation or perform any meaningful correla-
~ybion within WMA-2 at the present time. An isopach of the suprabasalt sedi-
~ments (see Figure 2.23) in the vicinity of WMA-2 shows that the Hanford for-

mation ranges in thickness from approximately 160 ft in the northeast to
approximately 260 ft in the southwest. The basalt content of the sediments
beneath WMA-2 generally appears to decrease with depth. This may be the
result of a greater degree of mixing of the flood déposits with basalt-poor
Ringold Formation sediments at greater depth.

2.2.3.3 Geology of Waste Managemeni Area 3

Waste Management Area 3 is located in the north-central portion of the
200-West Area (see Figure 2.13). Interpretation of the geology in the vicin-
ity of WMA-3 is based on data from eight recently installed monitoring wells
(Figure 2.36), as well as on data from several previously existing wells
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. FIGURE 2.30. Generalized Stratigraphy for Waste Management Area 2
K}’Last et al. 1989). Sediments overlying the Elephant Mountain Member in this
"@rea inciude several units of the Ringoid Formation, the Plio-Pleistocene
unit, the early "Palouse" soil, and the Hanford formation {Figure 2.37).

A fence diagram of the geology in the vicinity of WMA-3 is presented in
Figure 2.38. Three cross sections are also presented (located in Fig-
ure 2.36), two trending east-west (Figures 2.39 and 2.40) and a third trend-
ing north-south (Figure 2.41). The top of basalt dips gently (<1 degree} to
the southwest (Figure 2.42). Above the basalt Ties the Ringold Formation,
‘which is separated into four lithostratigraphic units: basal, lTower, middie,
and upper Ringold units. The basal Ringold unit is further subdivided into
coarse-grained and fine-grained subunits. The coarse-grained subunit is
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FIGURE 2.37. Generalized Stratigraphy for Waste Management Area 3

composed of deppsits of sandy gravel to gravelly sand. Thickness of the
coarse-grained subunit is shown in Figure 2.43. These units are overlain by
a fining upward sequence of sand and mud, which is capped by a well-developed
argillic (i.e., mud-rich) paleosol (Bjornstad 1985; DOE 1988). Thickness of
the fine-grained subunit is shown in Figure 2.44.
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Above the basal Ringold unit is a fine-grained unit, the Tower Ringold.
Sil1t and clay of the Tower Ringoid unit are distinguished from the basal
Ringold paleosol by 1) the presence of well-developed laminae, 2) a distinct
gray versus olive color, and 3) a significantly higher natural-gamma response
in geophysical logs (DOE 1988). The thickness of the lower Ringold unit in
the vicinity of WMA-3 is generally less than 10 ft (Figure 2.45). Collec-
tively, the basal Ringold fine-grained unit and the lower Ringold unit repre-
sent a significant confining bed. The thickness of these combined units is
shown in Figure 2.46. The lower Ringold unit, Tike the basal Ringold fine-
grained subunit, pinches out in the northeastern portion of WMA-3 (see Fig-
ures 2.41 and 2.45). Where these fine-grained strata are missing, it is not
possible to differentiate between the middie and basal coarse-grained Ringold
units, which share a common texture and mineralogy.

The middie Ringold unit is approximately 300 ft thick, the thickest
geologic unit beneath WMA-3 (Figure 2.47). The middle Ringold unit consists
of coarse-grained gravel and sand deposited in a high-energy fluvial envi-
ronment. Like the coarse-grained basal Ringold subunit, the characferistics
used to define the middie Ringold are its 1) coarse texture, 2) relatively
high proportion of quartzite and granitic clasts, 3) relatively Tow calcium
carbonate content, 4) partial consolidation, and 5) relatively low natural-
gamma response. The uniform clast-supported texture of the middle Ringold
unit is sometimes interrupted with thin zones of current-laminated sand.

The upper Ringold unit consists of finer grained deposits, mostly muddy
sand to gravelly sand, which represents a transition to a lower energy flu-
vial environment compared to the middle Ringold unit. The contact with the
middle Ringold unit appears to be gradational, and is generally defined by
the interval above the middle Ringold unit where the amount of light-colored
arkosic sand exceeds the amount of gravel. Characteristics of the upper
Ringold unit are its 1) abundance of well-sorted sand; 2) light coior,
caused primarily by the predominance of quartz and feldspar versus basalt;
and 3) variable natural-gamma response. The upper Ringold unit is thickest
near the center of WMA-3 and thins to the northeast and southwest
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(Figure 2.48). The present distribution and large variations in thickness of
the upper Ringold unit are most likely caused by erosion of the unit by post-
Ringold fluvial processes.

The Plio-Pleistocene unit {Bjornstad 1984, 1985) in the vicinity of
WMA-3 represents a highly weathered paieosurface that developed atop the
Ringold Formation (Brown 1959, 1960). While some aggradation of new material
may be associated with this unit, much of it represents in situ weathering
of the uppermost Ringold Formation (i.e., middle or upper Ringold unit).
Characteristics of the Plio-Pleistocene unit, which suggest it is a pedogenic
calcrete, are its almost white color, high degree of cementation, and pres-
ence of animal burrows and root traces in core. The concentration of second-
ary calcium carbonate cement, a weathering product, exceeds 30 wt% in some
samples. In places, this secondary cement may completely fill the inter-
stices between sedimentary particles. Natural-gamma activity within the
Plio-Pleistocene unit is erratic, being high in places and moderate to Tow
elsewhere. Exampies of the variation in the natural-gamma log response and
calcium carbonate content for the Plio-Pleistocene unit and adjacent strati-
graphic units are plotted in Figure 2.49,

The Plio-Pleistocene unit is thickest (approximately 60 ft) along the
northern boundary of WMA-3 (Figure 2.50). The thickness is greater to the
north, in part because of the local presence of a relatively uncemented sand
lens that divides two calcrete layers (e.g., see Figure 2.39). The top of
the Plio-Pleistocene unit, a paleotopographic surface, dips approximately
1.5 degrees to the southwest in the vicinity of WMA-3 (Figure 2.51). This is
significant hydrologically because the relatively impermeable calcrete layer
could inhibit the downward percolation of water in the vadose zone and lead
to movement of these waters down dip toward the southwest, which is opposite
the direction of ground-water flow in this area.

Overlying the Plio-Pleistocene unit is the early "Palouse" soil, an
unconsoiidated muddy fine sand to fine sandy mud believed to be loess {wind-
blown silt and sand), derived from either reworked Plio-Pleistocene unit or
upper Ringold material (Brown 1960). Characteristics of the early "Palouse"
s0il inciude 1} uniform fine-grained texture, 2) unconsolidated nature,
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3) high mica content, 4) moderate calcium carbonate content, and 5} high
natural-gamma log response. Compared to the Plio-Pieistocene unit, the early
"DaTouse" soil is relatively unconsolidated and less calcareous, and displays
a consistently higher natural-gamma response (see Figure 2.49). The early
"Pajouse” soil is present everywhere beneath WMA-3 (Figure 2.52), except in
the northeastern corner where it pinches out against the Plio-Pleistocene
unit (see Figure 2.39). Elsewhere beneath WMA-3, the early "Palouse" soil
ranges from approximately 8 to 15 ft thick.

The glaciofluvial Hanford formation is the uppermost geologic unit
beneath WMA-3. The thickness of the Hanford formation (Figure 2.53) ranges
from approximately 120 ft in the southwestern corner to less than 20 ft in

o~the northeast where the resistant Plio-Pleistocene unit Iies relatively close
__to the surface (see Figures 2.39 and 2.41). The Hanford formation consists
of mostly coarse-grained cataclysmic flood deposits of gravel and sand. It
1s not possiblie to differentiate among these deposits or make any meaningful

rﬁcorre1at1ons in the vicinity of WMA-3 at the present time.

o

¥

2.2.3.4 Geoloagy of Waste Management Area 4

Waste Management Area 4 is located in the southwestern corner of the
"200-West Area. Interpretation of the geology in this area is based on data
Merom six recently (1987) installed monitoring wells, as well as several
—previously existing wells (Figure 2.54) (Last et al. 1989). Sediments over-
~ilying the Elephant Mountain Member in this area include a relatively complete
o~assemblage of stratigraphic units, including the basal, Tower, middle, and
upper units of the Ringold Formation, the Plio-Pleistocene unit, the ear]y
"Palouse" soil, and the Hanford formation (Figure 2.55).

A fence diagram of the geology in the vicinity of WMA-4 is presented in
Figure 2.56. In addition, five cross sections are presented (Figures 2.57
through 2.61). Similar to WMA-3, the basalt surface beneath WMA-4 dips
gently (<1 degree) to the southwest (see Figure 2.42).

A11 lithostratigraphic units of the Ringold Formation, except the upper
unit, are continuous across WMA-4. The coarse-grained basal Ringold subunit ~
thins from approximately 90 ft in the south to approximately 40 ft near the
northern boundary of WMA-4 (see Figure 2.43). The basal Ringold fine-grained
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subunit, which is capped by the argillic paleosol, has a more uniform thick-
ness of approximately 30 ft across the area (see Figure 2.44). The fine-
grained silts and clays of the Tower Ringold unit vary from 20 to 40 ft thick
(see Figure 2.45). However, the total thickness of relatively impermeable
fine-grained sediments, which also include the basal Ringold fine-grained
subunit, approaches 70 ft in the southwestern portiion of WMA-4 (see Fig-

ure 2.46). Similar to WMA-3 to the north, the middle Ringold unit forms a
continuous layer approximately 260 to 290 fi thick beneath WMA-4 (see Fig-
ure 2.47). The upper Ringold unit, on the other hand, is only locally
present as an erosional remnant in the northern porition of WMA-4 (see

Figure 2.48).

The Plio-Pleistocene unit consists of a single well-cemented calcrete
layer, approximately 20 ft thick beneath WMA-4 (see Figure 2.50). However,
the unit lies at a much greater depth (~150 ft} here than in WMA-3. Further-
more, as much as 20 ft of early "Palouse" soil Tie atop the Plio-Pleistocene
unit beneath WMA-4 (see Figurg 2.52).

The glaciofluvial Hanford formation beneath WMA-4 can be divided into
two lithostratigraphic units: a basal slack-water sequence and a younger
coarse-grained sequence. The basal slack-water sequence consists of a mostly
fine-grained sequence of muddy sand to sandy mud, which is preserved along
the western margin of WMA-4 (Figure 2.62). The basal slack-water sequence is
perhaps associated with an early or middle Pleistocene flood(s) (Bjornstad,
Fecht, and Tallman 1987), suggesting earlier floods were less vigorous over
the 200-West Area than floods that occurred later in the Pleistocene. Char-
acteristics of the basal slack-water sequence include 1) fine-grained texture
(sand and mud), 2) low calcium carbonate content (generally <3 wt%), and
3) moderate natural-gamma log response. The early "Palouse” soil, which has
a similar texture, is differentiated from the basal slack-water sequence by
1) a greater calcium carbonate content, 2) massive versus laminated structure
in core samples, and 3) higher natural-gamma response (see Figure 2.49).

The overlying coarse-grained sequence is probably associated with the
latest flood episode(s), which formed the present network of flood channels
just north of the 200-West Avea (see Figures 2.10 and 2.63). The dynamic
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flow system during flooding and the resultant erosion and deposition make
stratigraphic correlation or estimates of the. number of flood episodes diffi-
cult and tenuous. Characteristics of the coarse-grained sequence are 1) a
greater proportion of basalt clasts (generally estimated at greater than

60 vol%); 2) wide range in roundness of gravel clasts, ranging from angular
to rounded; 3) generally poor sorting; 4) low calcium carbonate content
(generally <3 wt%); and 5) Tow natural-gamma response.

A buried north-south-trending flood channel appears to be present along
the eastern margin of WMA-4 (see Figure 2.63). This is suggested by the
tongue-shaped contours where the basal slack-water sequence has been com-
pletely eroded away and coarse-grained flood sediments were deposited. The
peposition of the buried flood channel is coincident with a north-south-
??}rending secondary flood channel preserved at the surface (see Figure 2.10).

The channel at the surface transported cataciysmic flood waters above the
gf%SO—ft elevation into and down the Cold Creek valley one or more times during
“the late Pleistocene. The coincident nature of the older and more recent
Cehannels suggests that earlier floods may have followed the same course as
~dater floods. Within WMA-4, the maximum thickness for the basal slack-water
~=Sequence is approximately 60 ft along the western margin of the flood channel
ﬂésee Figure 2.62), whereas the maximum thickness of the coarse-grained

sequence is approximately 135 ft within the flood channel (see Figure 2.63).

2.2.3.5 Geology of Waste Management Area 5

™~
.y Waste Management Area 5 lies just east of WMA-3 along the northern boun-
dary of the 200-West Area (see Figure 2.13). The hydrogeology was inter-
preted from only three wells within or near WMA-5 (299-W6-1, 299-W6-2, and
299-W7-6; Figure 2.64). A1l of these wells are Tocated within or along the
western margin of WMA-5.  The geology within WMA-3 and WMA-5 is probably
very similar, although WMA-5 appears to differ from WMA-3 in the following
ways:
» The top of basalt lies approximately 20 to 40 ft shallower.
» The basal Ringold and middle Ringold units are indistinguishable

because the fine-grained upper basal and lower Ringold units are
missing.
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e The earily "Palouse" soil is extremely thin (<b ft) or absent.

¢« The Hanford formation is generally <20 ft thick because the Plio-
Pieistocene unit lies very close to the surface.

2.3 HYDROGEOLOGY

This section provides background information on the hydrogeology of the
Hanford Site. Detailed descriptions of the area’s hydrogeology are available
in reports by DOE {1988); Gephart et al. (1979); Graham, Fecht, and Brown
{1981); Graham, Last, and Fecht (1984); and Law, Serkowski, and Schaiz
(1987). In addition, water-level data are collected and reported semi-
annually {Schatz and Ammerman 1988}.
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2.3.1 Regional Setting

The Hanford Site has a semiarid climate and receives an average of
6.25 in. of precipitation per year. Some evapotranspiration measurements
have been made at Hanford, but a detailed study has not been made near the
200 Areas. Wallace (1977) used Hanford Meteorology Station data to compute
average potential evapotranspiration values. Calculations for monthly poten-
tial evapotranspiration compared with average monthly precipitation values
from Stone et al. (1983) indicate that precipitation may exceed evapotrans-
piration within the months of November through February.

Recharge rates range from near zero to more than 4 in./yr, depending
on surface conditions (Gee 1987). Small recharge rates occur where fine-

1 taxtured sediments and deep-rooted plants occur (e.g., much of the
42200 Areas). The larger values are associated with areas having a coarse

T'e)
o
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of¥
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gravelly surface and no vegetative cover. The Hanford Site is drained by the
Yakima and Columbia rivers (see Figure 1.1}.

Ground water beneath the Hanford Site occurs under both unconfined and
confined conditions. The unconfined aquifer is contained primarily within
the middle unit of the Ringold Formation and the Hanford formation. The base
of the unconfined aquifer is the basalt surface of the Elephant Mountain
Member of the Columbia Rijver Basalt Group or, in some areas, the clay of the
lower Ringold Formation (see Figure 2.11). A water-table contour map for the
Hanford Site is shown in Figure 2.65. The confined aquifers beneath the
Hanford Site include sedimentary interbeds and interflow zones that occur
between dense basalt fiows of the Columbia River Basalt Group.

The source of natural recharge to the unconfined aquifer and to some of
the confined aquifers is rainfall from areas of high relief west of the Han-
ford Site and ephemeral streams in the Cold Creek and Dry Creek valleys.
Discharge from the unconfined aguifer is primarily to the Columbia River
(Graham, Fecht, and Brown 1981).

2.3.2 Ground-Water Hydrology of the 200 Areas

As more characterization efforts are undertaken on the Hanford Site, the
understanding of the geologic framework and its relation to the hydrogeologic
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system will continue to be developed and refined. This document does not
attempt to integrate all that is known of the hydrogeologic system within the
200 Areas. Instead, this discussion is Timited to the hydrologic properties
of the uppermost unconfined aquifer contained in the Hanford and Ringold
Formations.

The unconfined aquifer receives artificial recharge from liquid waste
disposal areas. This artificial recharge is estimated to be 10 times greater
than natural recharge (Graham, Fecht, and Brown 1981). Graham et al. (1981)
estimated natural recharge from the Cold Creek valley to the 200 Areas to be
approximately 1.3 x 106 gal/d. The total volume of artificial recharge in
the 200 Areas in 1987 was approximately 6.1 x 109 gal (Serkowski et al.

~,1988), or a rate of approximately 1.7 x 107 gal/d. The major sources of
sartificial recharge in the central Hanford Site have been three waste ponds

' designated U Pond, Gable Mountain Pond, and B Pond, all Jlocated near or in
“"the 200 Areas. These areas of artificial vrecharge have had a major effect on
tﬁthe flow system of the unconfined aquifer. Both U Pond, which was located in
C’the 200-West Area, and Gable Mountain Pond, which was located north of the
~*200-East Area, were deactivated within the past 4 years. B Pond is scheduled
= for decommissioning in the mid-1990s.

o Ground-water elevation contours for December 1987 (Schatz and Ammerman

~ 1988) for the unconfined aquifer in the 200 Areas are shown in Figure 2.66.

cq'The regional flow direction in the 200 Areas is from west to east, but is
affected by the two ground-water mounds that have resulted from discharges to
U and B Ponds. Ground-water flow beneath the 200-West Area is generally
toward the north and the east, away from the mound created by past discharges
to U Pond. As this mound dissipates as a result of the discontinuance of
discharges to U Pond, the hydraulic gradient will decrease and shift to the
east. The hydraulic gradient in the 200-West Area is sufficiently high (a
minimum of approximately 10-3 ft/ft) to determine flow directions with a
Targe degree of certainty. Vertical hydraulic gradients are present within
the unconfined aquifer 1in portions of the 200-West Area as a result of the
U Pond ground-water mound (Graham, Fecht, and Brown 1981; Last et al. 1989).
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Ground-water flow beneath the 200-East Area is complex because flow
converges from the west and east and then diverges, with a component flowing
northward between Gable Butte and Gable Mountain and another component flow-
ing southeast toward the Columbia River. In addition, the high transmissiv-
ity beneath most of the 200-East Area results in very small hydraulic grad-
ients. Also, flow directions may shift because of changing rates of waste
water discharged into B Pond and other disposal sites. Therefore, it is
often difficult to define flow directions at specific sites.

The principal geologic units (see Figure 2.11) controliing the ground-
water flow in the 200 Areas are, in ascending order, the Elephant Mountain
Member, which acts as a confining layer in most areas; the Ringold Formation,

®which contains both confined and unconfined aguifer components; and the
wHanford formation. Basalt of the Elephant Mountain Member is assumed to be
r1;he base of the unconfined or uppermost aquifer near the 200-Fast Area. How-
~ever, two studies (Graham, Last, and Fecht 1984; Jensen 1987) present results
that indicate there is intercommunication between the unconfined aquifer and
the Rattiesnake Ridge confined aquifer near the 200-East Area. The Elephant
““Mountain Member has possibly been eroded in or near the northeastern corner
“7of the 200-East Area, providing a means for aquifer intercommunication.

™ The depth to water of the unconfined aquifer within the 200 Areas ranges

~—from 0 ft at West Lake to approximately 340 ft between the 200-West and 200-

e~gEast Areas (Schatz and Ammerman 1988). The thickness of the unconfined

rbaquifer ranges from 0 ft at the northern edge of the 200-East Area to more
than 250 ft in the northwestern part of the 200-West Area.

In general, the transmissivity tends to increase from west to east
across the 200 Areas as a result of the Targer portion of the unconfined
aquifer that is contained within the more permeable Hanford formation.

The Ringold Formation exhibits a variety of hydrologic characteristics,
including hydraulic conditions ranging from confined to unconfined. In some
areas, the lower Ringold unit is the base of the unconfined aquifer. In the
southern portion of the 200-East Area and much of the 200-West Area, the
basal Ringold unit is Tocally confined by the overlying lower Ringold unit
(Graham, Last, and Fecht 1984). In other areas, the lower Ringold unit is
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missing, and the basal and middle Ringold units contain the unconfined ’
agquifer. In the northeastern portion of the 200-East Area, the Ringold .
Formation is completely eroded. Here, the unconfined aquifer lies within the

Hanford formation, which Ties directly on top of basalt (Tallman et al.

1979). The Tithologies in the unconfined aquifer exhibit widely varying

hydrogeologic properties (Table 2.8). The values given in this table are
generalizations; in some locations, hydraulic properties lie outside the

ranges given.

In the 200-West Area, the unconfined aquifer occurs within the middle
Ringold unit, which is compacted and often partially cemented. Transmis-
sivities range from 300 to 5,400 ftz/d. In the 200-East Area, the aquifer is
in either the unconsolidated Hanford formation, the middle Ringold unit, or
both, leading to a wide range of transmissivities (from 5 to 135,000 ftz/d)
{Graham, Fecht, and Brown 1981).

The measured storativity values for the unconfined aquifer range from
0.002 to 0.07 (see Table 2.8); the lower value is associated with the lower
Ringold unit and the higher with the Hanford formation (Graham, Fecht,. and
Brown 1981).

The effective porosity of the sediments in the unconfined aquifer ranges
from 10% to 30%. The lower value can be correlated with sediments of the
lower Ringold unit, and the upper approaches the total porosity of the sed-
iments in the Hanford formation (Graham, Fecht, and Brown 1981). The water
in the aquifer is principally of a calcium-bicarbonate type, but there is
considerable variability in chemical composition among individual samples.

TABLE 2.8. Hydraulic Properties in the 200 Areas(?®)

Hydraulic
Interval Tested Conductivity, ft/d Storativity Porosity, %
Hanford formation 2,000 to 10,000 0.07 30
Middle Ringold unit 9 to 230 Na (D) NA
Lower Ringold unit 1 to 12 0.002 10

(a) From Graham, Fecht, and Brown 1981.
(b) NA = not available.
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Discontinuous perched water tables occur in parts of the 200-West Area,
often lying above a calcrete horizon in the PTio-Pleistocene unit or above
markedly finer grained sediments in the upper Ringold and Hanford formations.
The lateral extent of these perched water tables has not been defined in
detail, but is generally found only near sources of discharge of large quan-
tities of water to the sediment column and where fine-grained sediments
occur. o

2.3.3 Hyvdrogeology Beneath the Low-Level Burial Grounds

The following discussion on the hydrogeology of the LLBGs js divided
into five sections, one for each of the five WMAs. Waste Management Areas 1
and 2, located within the 200-East Area {see Figure 2.12), will be discussed
—first, followed by WMA-3, WMA-4, and WMA-5, located in the 200-West Area (see
~Figure 2.13). The size and number of WMAs have been expanded since the most
U?r'ecent report on the hydrogeology of the LLBGs was presented (Last et al.
1989).
=

The interpretation of the hydrogeology beneath the LLBGs 1is based on
data from 35 recently installed ground-water monitoring wells surrounding the
‘gbrevious boundaries of the WMAs {(Last et al. 1989), as well as other hydro-

wﬁbeo]ogic studies. (Graham et al. 1981; Graham, Last, and Fecht 1984).

& 2.3.3.1 Hydrogeology Beneath Waste Management Area 1

Two hydrogeclogic units are present above the confining Elephant Moun-
fx%ain Member of the Saddle Mountains Basalt. These units consist of coarse-
“yrained deposits of the Ringold and Hanford formations. The Ringold Forma-

tion is relatively thin (<20 ft) and is present only in the southwestern
corner of WMA-1 (see Section 2.2.3.1). Elsewhere within WMA-1, the Hanford
formation Ties directly above basalt.

Most water movement in the vadose zone occurs downward through the rela-
tively permeable coarse-grained deposits of gravel and sand belonging to the
Hanford formation. Fine-grained deposits of the Hanford formation, although
less abundant, may also be present as discontinuous Tenses of fine sand,
silt, and/or clay (see cross sections in Figures 2.17 through 2.20),
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which could Tead to Tlateral spreading and perched-water conditions, where
large 1iquid discharges have occurred.

The amount of moisture measured in sand and finer grained sediments col-
lected from drive-barrel samples within WMA-1 usualiy ranges from 2 to 5 wi%.
Zones of higher moisture content were encountered in wells 299-E32-3 (~80-ft
depth), 299-33-29 (~205-ft depth), and 299-33-30 (200-ft depth) where mois-
ture contents of 15 to 20 wt% were observed (Last et al. 1989).

Results of aquifer tests indicate the transmissivity and hydrauiic con-
ductivity within the Ringold Formation are less than those measured for the
Hanford formation (Table 2.9). The transmissivity for the composite Ringold/
Hanford formation measured in well 299-E32-4 was >9,500 ftz/d, compared to an
average of >52,000 ftz/d measured for the Hanford formation. Similarly, the
resultant hydraulic conductivity was >240 ft/d for the composite Ringold/
Hanford formation, compared to »1,300 to >2,500 fi/d for the Hanford forma-
tion (see Table 2.9). The lower transmissivity and hydraulic conductivity
values are consistent with the more compacted and consolidated nature of the
Ringold Formation. The ground-water velocity was estimated at <1 to 45 ft/d
for the unconfined aquifer beneath WMA-1 based on Darcy’s law, using
hydraulic conductivities of 240 to 22,500 ft/d, a hydraulic gradient of »
0.2 ft/1,000 ft, and a conservative effective porosity of 0.1 (Last et al.
1989).

The top of the unconfined aquifer lies at depths from 260 to 280 ft
beiow ground surface within the Hanford formation. The saturated thickness
of the unconfined aquifer ranges from approximately 20 ft in the northeast to
almost 50 ft in the southwestern corner of WMA-1 (Figure 2.67). A recent
water-table map (Figure 2.68) indicates the horizontal hydraulic gradient is
very small (<0.2 f£/1,000 ft) across WMA-1, in part due to the high trans-
missivity of the geologic units in this area.

Ground-water flow in the vicinity of WMA-1 is presently to the northwest
toward Gable Gap (see Figure 2.66). The present ground-water flow direction
appears to be controlled by a local ground-water divide located in the south-
eastern portion of the 200-East Area. The divide is the result of the
regional eastward movement of ground water from the 200-West Area, which
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Well Mumber

299-£28-26

299-E28-27

299-E32-2
299-E32-3

299-E32-4

299-£33-28

299-E33-29

299-E33-30

TABLE 2.9.

Screened
Interval

Tested, ft
Hone

291-30%

279-289
291-301

298-308
268-278
279.5-289.5

267-277

?

2

an

v

A

u\
W
o

&)
sl

Summary of Aquifer Test Results for Wells Around Waste Management Area 1

Formation

Hanford/
Ringold

Hanford

Hanford

Hanford/
Ringold

Hanford/
Ringold
Hanford

Hanford

Hanford

Aguifer Analysis Type
Thickness, ft Hethod of Test
46 Cooper-Jacob (1946)  HNone
37 Cocper-lJacob (1946) Constant
discharge
25 Cooper-Jacob (1946) --
40 Cooper-Jacoh (1946} --
40 Cooper-Jacob (1946) Constant
discharge
21 Cooper-Jacob (1946) Canstant
discharge
24 Caoper-Jacob (1946) Constant
discharge
22 Cooper-Jacob (1946) Constant

discharge

Rydraulic

Transmiisivi ty, Conductivity, Date

fLo/d fr/d Tested

-- .- None
>48,000 >1,300 9/29/87
Insufficient data -- 9/08/87
Insufficient data -- 9/02/87
>9,500 >240 9721787
»53,000 »>2,500 10/21/87
>51,000 >2,100 9/17/87
»56,000 >2,500 9/24/87
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converges with ground water moving westward from a ground-water mound beneath
B Pond (see Figure 2.66). The exact location of this ground-water divide is
not well established and appears to shift as water levels fluctuate in
response to changes in discharge to ground at facilities in the 200-East
Area.

2.3.3.2 Hvdrogeology Beneath Waste Management Area 2

A single hydrogeologic unit, the Hanford formation, is present above the
confining Elephant Mountain Member. The Ringold Formation is missing beneath
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WMA-2, having been stripped away by post-Ringold incision and/or by
Pleistocene cataclysmic floods {see Section 2.2.3.2). The basalt is assumed
to be Taterally continuous in this area, except perhaps to the northeast of
WMA-2 where a paleotopographic depression lies (see Figure 2.21). In this
area, it is suspected that the Elephant Mountain Member may be completely
eroded, thus allowing for hydraulic intercommunication between the confined
(Rattlesnake Ridge aquifer) and the unconfined aquifers (Graham, lLast, and
Fecht 1984).
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Like WMA-1, water in the vadose zone moves downward through the rela- .
tively permeable coarse-grained Hanford formation. Because of closer prox-
imity to the axis of a major flood channel, Tocated northeast of the 200-East
Area (see Figure 2.10), less fine-grained sand, silt, and/or clay are
expected beneath WMA-2. Nevertheless, some fine-grained strata still appear
to be present, as indicated by samples from the vadose zone, that contain up
to 13 wt% water [e.g., ~140-ft depth in well 299-£27-8 (Last et al. 1989}].

The unconfined aquifer is relatively thin beneath WMA-2 because of the
confining basalt surface that rises toward the northeast (see Figure 2.21).
Saturated thicknesses range from 0 ft in the northeastern corner to approxi-
mately 30 ft along the southern boundary of WMA-2 (Figure 2.69). Transmis-
sivities for the Hanford formation measured in five wells ranged from 14,000
to 114,000 ftz/d (Table 2.10). Hydraulic conductivity values are between
1,400 and 6,700 ft/d. Ground-water velocities of 6 to 27 ft/d were estimated
based on Darcy’s law, using hydraulic conductivities of 1,400 to 6,700 ft/d,
a hydraulic gradient of 0.4 ft/1,000 ft, and an effective porosity of 0.1
(Last et al. 1989).

The top of the unconfined aquifer within WMA-2 Tlies at depths from
approximately 185 to 235 ft below ground surface, except in the extreme
northeastern corner where basalt protrudes above the water table. A recent
water-table map (Figure 2.70) indicates the horizontal hydraulic gradient is
very small (<0.4 ft/1,000 ft) across WMA-2. The present ground-water flow
direction in the vicinity of WMA-2 appears to be controlled by the basalt
high and by artificial recharge to the unconfined aquifer beneath B Pond.
Local ground-water flow beneath WMA-2 is presently to the west and southwest
(see Figure 2.70).

2.3.3.3 Hydrogeoicgy Beneath Waste Management Area 3

The hydrogeology beneath WMA-3 is more complex than beneath either WMA-1
or WMA-2. Several diverse hydrogeclogic units are present, including several
Ringold units, the Piio-Pleistocene unit, the early "Palouse" soil, and the
Hanford formation. The base of the unconfined aquifer lies atop the Tower
Ringold unit, except to the northeast where the fine-grained basal and lower

Ringold units pinch out (Figure 2.71). Where these units are missing, the
L
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TABLE 2.10. Summary of Aquifer Test Results for Wells Around Waste Management Area 2

Screened Kydraulic
Interval Aquifer Analysis Type Transmj gsivi ty, Conductivity, Date
Well Mumber Tested, ft Formstion  Thickness, ft Method of Test fte/d fr/d Tested
299-g27-8 - 247-257 Hanford 28 Cooper-Jacobh (1946) Constant >68,000 >2,400 8/19/87
discharge
299-E27-9 234-244 Hanford 23 Cooper-dJacch (1946) Recovery 35,000 1,500 8/15/87
299-E27-10 230-240 Hanford 24 Cooper-Jacob (1946) Recovery 35,000 1,500 8/11/87
299-E34-2 230-240 Henford 17 Cooper-Jacob (1946)  Constant 85,000 5,000 8/07/87
discharge ’
299-£34-2 230-240 Hanford 17 Cooper-Jacob (1946) Recovery 114,000 6,700 8/07/87
299-E34-3 203.5-213.5 Hanford 10 Cooper-Jacob (1946} Constant 14,000 1,400 8/05/87
discharge
299-E34-3 203.5-213.5 Hanford 10 Cooper-dacob (1946} Recovery 14,000 1,400 8/05/87
299-E34-4 None Hanford None Cooper-dacob (1946) .- -- -- None
299-E34-5 180.5-190.5 Hanford [ Cooper-Jacob (1946) - Insufficient data -- 7721787

299-E34-6 None Hanford 3 Cooper-dJaceb (1946) -- - -~ Mone
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base of the aquifer extends downward to the top of the Elephant Mountain
Member, which is Taterally continuous across WMA-3. Where the fine-grained
Ringold units are missing, there exists only a single, undifferentiated sandy
gravel sequence belonging to the basal and middle Ringold units. Without the
confining layers, it is difficult to distinguish the middle Ringold unit from
the coarse-grained basal Ringold unit in this area. The top of the uncon-
fined aquifer Ties within the middie Ringold unit from 205 to 275 ft below
the ground surface.

Water in the vadose zone moves downward through relatively permeable
coarse-grained Hanford formation deposits. On reaching the relatively fine-
grained early "Palouse" soil and the carbonate-plugged Plio-Pleistocene unit,
ground water may become perched and move laterally for an unknown distance.
Ground water may also collect atop fine-grained lenses within the Hanford and
Ringold Formations before reaching the water table. The moisture content
within the Hanford formation (Last et al. 1989) generally decreases, from
approximately 5 to 10 wt% within 20 ft of the surface to 2 to 4 wt% at depth.
Greater moisture, 12 wt%, was observed in one sample along a textural inter-
face {i.e., upper/middle Ringold contact) at the ~140-ft depth in well
299-W7-1. No moisture-content results are available from the early "Palouse"
soil. A few samples were coliected from the base of the Plio-Pleistocene
unit; however, these samples ali contained less than 5 wt% water.

Results of aquifer tests performed on the Ringold Formation in WMA-3 are
summarized in Table 2.11. Transmissivity and hydraulic conductivity appar-
ently decrease with depth within the basal and middlie Ringold units. This is
corroborated by decreased driil rates, which suggest the Ringold Formation
becomes increasingly more compacied and indurated with depth. An aquifer
test conducted at the base of the middie Ringold unit (see Table 2.11)
indicated a transmissivity of 900 ftz/d compared to transmissivities within
the top of the middle Ringold unit that ranged from 14 to 7,000 ftz/d.
Similarly, a hydraulic conductivity calculated for the base of the middle
Ringoid was 4 ft/d, while the hydraulic conductivity at the top of the middle
Ringold ranged from 0.06 fo 32 ft/d.
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TABLE 2.11. Summary of Aquifer Test Results for Wells Around Waste Management Area 3

Screened Hydraulic
Interval Stratigraphic Aquifer Analysis Type Transmigsivity, Conductivity, Date

Well Number Tested, ft Unit Thickness, ft Method of Jest fto/d ft/d Tested

299-W6-2 238-248 Middle Ringold 245 Cocper-dacob (1946) Constant 350 1.5 11/05/87
discharge

269-Wh-2 238-248 Middle Ringold 245 Cocper-Jacob (1946) Recovery 500 2 11/03/87

299-\ir-1 233-243 Middle Ringold 270 Cocper-Jacob (1946) Constant 1,000 4 7/15/87
discharge

299-W7-1 233-243 Middle Ringold 270 Cooper-dacob (1946) Recovery 1,400 5 - 7/15/87

299-W7-2 212-222 Middie Ringold 260 Cooper-Jacob (1946) Constant 430 2 9/16/87
discharge

299-W7-2 212-222 Middle Ringold 260 Cooper-Jacob (1946) Recovery 740 3 9/16/87

299-U7-3 487-477 Middle/Basal 264 -- -~ - -- 10/30/87

Ringold to
10/31/87

299-U7-4 223-233 Hiddle Ringold 265 Cooper-Jacob (1946) Constant 3,300 12 1/12/87
discharge

299-Wr-4 223-233 Middle Ringold 265 Cooper-Jacob (1946) Recovery 2,800 (h 11/12/87

299-W7-5 208-228 Middle Ringold 250 Cooper-Jacob (1948) Constant 170 0.7 11/21/87
discharge

299-UW7-6 231-241 Middle Ringold 245 Cooper-dacob (1946)  Constant 14 0.06 10/14/87
discharge

299-U7-6 231-241 Middle Ringotld 245 Cooper-Jacob {1946} Recovery 40 0.16 10/14/87

299-48-1 257-267 Middle Ringold 274 Cooper-Jacob (1946) Recovery 80 0.3 7/11/87

299-49-1 266-286 Middle Ringold 215 Bouwer~-Rice (1976) Slug with- 43 to 65 0.2 to 0.3 10/23/87
drawal

299-W3-1 266-286 Middle Ringold 215 Hvorsley (1951) Slug with- 35 0.26 10/23/87
drawal

299-W10-13 227.5-237.5 Middle Ringold 221 Cooper-dJacob (1946) Recovery 7,000 32 9/14/87

299-W10-14 No screen Middle Ringold 218 Cooper-Jacob (1946) Recovery 3,500 16 9/14/87

(observa- (dritled to

tion well) 240)
299-410-14 437-447 Middle Ringold 218 Cooper-dacob (1946) Recovery 200 & 10/26/87

Base
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A recent water-table map indicates the general direction of ground-water
flow is to the north-northeast (Figure 2.72). Horizontal hydraulic gradients
are on the order of 1.5 to 2 ft/1,000 ft. The present ground-water flow
direction reflects the influence of the ground-water mound associated with
U Pond and the 216-U-14 ditch. Even though U Pond has been decommissioned
since 1984, discharges to the 216-U-14 ditch continue. The mound is expected
to persist for a number of years. Ground-water velocities of 0.001 to
0.6 ft/d were estimated for the unconfined aquifer beneath WMA-3 based on
Darcy’s Taw, using hydraulic conductivities of 0.06 fo 32 fi/d, a conserva-
tive hydraulic gradient of 2.0 ft/1,000 ft, and an effective porosity of 0.1
{Last et al. 1989).

2.3.3.4 Hydrogeology Beneath Waste Management Area 4

The same gechydrologic units that Tie beneath WMA-3 are also present
beneath WMA-4, including the basal, Tower, middle, and upper Ringold units,
the Piio-Pleistocene unit, the early "Palouse" soil, and the Hanford for-
mation. A1l these units, except the upper Ringold unit, are continuous
across WMA-4. The base of the unconfined aquifer 1ies atop the lower Ringold
unit. A semiconfined aquifer exists beiow the Tower Ringold within the basal
Ringold coarse-grained subunit. The confining layer consists of fine-
grained sand, silt, and clay of the basal Ringold fine-grained subunit in
addition to the Tower Ringold unit (see Figure 2.55). The top of the uncon-
fined aquifer lies from 180 to 230 ft below ground surface within the middle
Ringold unit.

More fine-grained deposits probably occur in the vadose zone beneath
WMA-4 and more Tiquid discharges occur near this area compared to any of the
other WMAs. Therefore, more perched-water zones can be expected in this
area. Moisture contents, measured in samples from the upper portion of the
Hanford formation, are generally from 5 to 10 wt%. A few samples from muddy
sand lenses within the Hanford formation contained up to 18 wt% water. No
samples have been analyzed for moisture content below the Hanford formation.

Results of aquifer tests show a wide range of vaiues for hydraulic prop-
erties for the middle Ringold unit beneath WMA-4 (Table 2.12}. Transmissiv-
ities range from 420 to 51,000 ftz/d, and hydraulic conductivities range from
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TABLE 2.12. Summary of Aquifer Test Results for Wells Around Waste Management Area 4
Screened Hydrautic
Interval Stratigraphic Aquifer Anatysis Type Transmiﬁsivity, Conductivity, Date

Well Number Jested, ft Unit Thickness, ft Method of Test te/d ft/d Tested

299-415-15 245-255 Hiddle Ringold 230 Cooper-Jacob (1946} Recovery 10,000 43 8721/87

299-U15-16 227.5-237.5 Middle Ringold 230 Cooper-Jacob (1946} Constant 5,000 22 8720787
discharge

299-U15-16 227.5-237.5 Middie Ringold 230 Cooper-Jacob (1946) Recovery 12,000 52 8/20/87

299-W15-17 No screen Middle Ringold 229 Theis (19353) Constant 12,000 52 8/20/87

(observa- {drilled to discharge

tion well) 2203

299-W15-17 No screen Middle Ringold 229 Theis (1935) Recovery 12,000 52 8/20/87

{observa- (drilled to

tion well) 220}

299-W15-17 422.5-432.5 Middle Ringold 229 -- -- n- - 9/28/87

base

299-415-18 232-242 Middle Ringold 243 Cooper-Jacob (1946) Recovery 14,000 58 7/21/87

299-W18-21 215.5-225.5 Middle Ringold 250 Cooper-Jacob (1946) Constant 1,300 5 7/14/87
discharge

299-W18-21 215.5-225.5 Hiddle Ringold 250 Cooper-Jacob (1946) Recaovery 51,000 200 7/14/87

299-118-22 437.5-447.5 Hiddle Ringold 248 Cooper-dJacob (1946) Recovery 420 1.7 8126487

base

299-418-23 241-251 Middle Ringold 246 Cooper-Jacob (1946) Recovery 23,000 95 6/22/87

299-W18-23 241-251 Middle Ringold 246 Cooper-Jacob (1946) Constant 27,000 110 6/22/87
discharge

299-W18-24 230-240 Middle Ringold 243 Cooper-Jdacob (1946) Recovery 44,000 180 7/17/87

299-W18-2 205-255 Middte Ringold 250 Theis (1935) Recovery 17,000 70 7717787

(observa-

tion well)

0 “A3Y ‘ST0-dY-N3I-AS-JHM
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1.7 to 200 ft/d. The lower value was obtained from greater depth within the
middle Ringold unit, suggesting transmissivity and hydraulic conductivity
decrease with depth. Storativity values of 0.001 and 0.038 were obtained
from aquifer tests conducted near WMA-4 (Last et al. 1989).

A recent water-table map indicates the general direction of ground-water
flow is to the west and northwest (Figure 2.73). Horizontal hydraulic grad-
ients are on the order of 1.0 to 1.5 ft/1,000 ft. The present ground-water
flow direction reflects the influence of the ground-water mound associated
with U Pond. Even though U Pond has been decommissioned since 1984, the
mound is expected to persist for a number of years. Ground-water velocities
of 0.03 to 3 ft/d are estimated for the unconfined aquifer beneath WMA-4
based on Darcy’s law, using hydraulic conductivities of 1.7 to 200 ft/d, a
conservative hydraulic gradient of 1.5 ft/1,000 ft, and an effective porosity
of 0.1 (Last et al. 1989).

2.3.3.5 Hydrogeology Beneath Waste Management Area 5

Because WMA-5 is a new waste management area added since the recent
characterization of the LLBGs (Last et al. 1989), relatively 1ittle informa-
tion is available. Only three welis 1ie within or near WMA-5 from which to
interpret the hydrogeoiogy. Two of these wells (299-W6-2 and 299-W7-6) are
recently instalied monitoring wells, while the third well (299-W6-1) is a
pre-existing well (see Figure 2.64). All of these wells are located within
or along the western margin of WMA-5. Nevertheless, the hydrogeology within
WMA-3 and WMA-5 is probably very similar, except for the following:

o The confining units of the basal and Tower Ringold units are not

present beneath WMA-5; therefore, the base of the unconfined
aquifer beneath WMA-5 is the top of basalt.

o The movement of ground water in the unconfined aquifer appears to
be more toward the northeast.

s Aquifer test results (see Table 2.11) indicate transmissivity and

hydraulic conductivity values measured along the western margin of
WMA-5 are lower than most of those obtained from WMA-3 as a whole.
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3.0 INDICATOR-EVALUATION GROUND-WATER MONITORING PROGRAM

The indicator-evaluation ground-water monitoring program for the LLBGs
has been developed in accordance with the requirements for RCRA interim-
status facilities, as described in 40 CFR 265 Subpart F and WAC 173-303-400.
This ground-water monitoring program was initiated in 1986, with the develop-
ment of the initial ground-water monitoring plan (PNL 1987a). An initial
ground-water monitoring well network (consisting of 35 wells) was installed
around the LLBGs in 1987. Data collected during the installation and sub-
sequent monitoring of these wells have been used to develop a conceptual
model of the hydrogeclogy of the LLBGs (Last et al. 1989), to evaluate the
adequacy of the initial monitoring systems and site characterization efforts,
and to develop a revised indicator-evaluation ground-water monitoring pro-
gram. This revised ground-water monitoring program is described below.

3.1 OBJECTIVES

The objectives of this revised indicator-evaluation ground-water moni-
toring program (which consists of the 16 new wells) for the LLBGs are to:

« improve the spatial coverage of the ground-water monitoring systems
to ensure the immediate detection of any significant amounts of
hazardous waste constituents migrating from the WMAs to the
uppermost aquifer

« conduct a sampiing, analysis, and evaluation program consistent
with 40 CFR 265.92, 265.93, and 265.94

+ improve the hydrogeologic characterization of the LLBGs; specific-
ally, to better define the ground-water flow directions and rates
beneath these facilities,

3.2 APPROACH

The eight LLBGs covered under this ground-water monitoring program have
been grouped into five WMAs that can be treated as single monitored units
with respect to ground-water monitoring. The size and extent of the WMAs
were determined by the size, location, and operational history of the LLBGs.
Between May 20 and November 23, 1987, initial ground-water monitoring systems
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were installed around four of the WMAs. The fifth WMA is designated for
future use, and is currently not being monitored.

Under this revised ground-water monitoring plan, the existing indicator-
evaluation ground-water monitoring systems around the LLBG will be expanded,
to include an additional 2 to 4 existing wells and 16 new wells. Ten of the
16 new wells discussed in this plan will be installed in 1989, and the
remaining 6 will be installed in 1990. Additional wells will be installed in
subsequent years until a final-status ground-water monitoring network is
achieved. The final-status ground-water monitoring network design developed
for the Part B permit application [currently being prepared by Westinghouse
Hanford for issuance in late 1989 (hereafter referred to as Part B of the
Chpermit application)] calls for a total of 79 monitoring wells. The design
!!\and location of the 16 new monitoring wells to be installed as part of this

revised ground-water monitoring program have been developed to be consistent
‘!7with the final-status ground-water monitoring network.

Subsurface soil sampies will be obtained during drilling at each well
OJTocation. These sampies will be described and classified in the field, and
O selected samples will be submitted to the laboratory for analyses to deter-
""*mine various physical and chemical parameters. The borehole will be logged
rtwith a gross-gamma ray probe, after reaching final depth with each casing
_.Size. Ground-water samples will be collected on reaching the water table.
?_These samples will be analyzed for contamination indicator parameters (noted

Tater in this section) before aquifer testing or well development. If con-
Ttamination is not above established guidelines, aquifer tests will be con-
ducted to provide estimates of transmissivity and hydraulic conductivity of

materials beneath the site.

Water samples will be collected and analyzed quarterly for one year and
semiannually thereafter from the 16 new wells, the 35 existing ground-water
monitoring wells, and the 3 old wells at the LLBGs. Statistical evaluation
of the sample analyses will provide an indication whether hazardous waste
constituents from the LLBGs are significantly affecting the ground water.

Procedures to be used during this ground-water investigation appear in
PNL (1989). The most recent versions of the procedures will be followed.
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3.3 GROUND-WATER MONITORING SYSTEM

This section provides a discussion of the revised indicator-evaluation
ground-water monitoring systems for each WMA, including definition of the
uppermost aquifer, general monitoring design approach, use of existing wells,
installation of new wells, and indicator parameters to be monitored.

3.3.1 Uppermost Aquifer

The uppermost aquifer beneath the LLBGs is an unconfined aquifer system
contained primarily within the unconsolidated sands and gravels of the
Hanford formation beneath WMA-1 and WMA-2 and within the partially consoli-
dated conglomerate of the middle Ringold unit beneath WMA-3, WMA-4, and
WMA-5. Hydraulic conductivity of the Hanford formation beneath WMA-1 and
WMA-2 ranges from 1,400 to 6,700 ft/d, while that of the middle Ringold unit
beneath WMA-3 and WMA-4 ranges from 0.06 to 200 ft/d (Last et al. 1989).
Hydraulic conductivity of the middle Ringold unit was found to decrease to
1.7 to 4 ft/d near the base of the aquifer beneath WMA-3 and WMA-4 (Last
et al. 1989). The bottom of the uppermost aquifer beneath WMA-1, WMA-2,
WMA-3 {northern portion), and WMA-5 is the top of the Saddle Mountains
Basalt. While beneath WMA-4 and the southern portion of WMA-3, the clay-rich
Tower Ringoid/fine-grained basal Ringold unit forms the aquifer bottom. The
hydrogeologic character of this aquifer system was discussed in detail in
Section 2.3.

Artificial recharge from waste-water disposal activities has created
significant ground-water mounds that interrupt the regional west to east
ground-water flow direction. The configuration of the water table beneath
the 200 Areas was shown in Figure 2.66. As waste-water discharges are
reduced and eventually stopped, the ground-water mounds are expected to
decay, and the Tocal ground-water flow directions will again reflect the
regional west to east flow patterns.

3.3.2 Monitoring Network Design Approach

Thirty-five monitoring wells, comprising the initial ground-water moni-
toring network, were installed between May 20 and November 23, 1987. A final
status ground-water monitoring network, calling for the installation of
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44 additional monitoring wells, was designed for inclusion in Part B of the
permit app]iéation. The 44 additional welis will be instalied in stages
based on funding and scheduling constraints. This revised ground-water moni-
toring plan addresses the installation of 16 of these wells (10 of which will
be installed in 1989 and 6 in 1990), and the incorporation of 2 to 4 older
existing wells into the revised ground-water monitoring network for the
LLBGs. The initial ground-water monitoring network, the approach used to
design the final status ground-water monitoring network, and the selection of
new well Tocations for revising the initial ground-water monitoring network
are discussed below.

3.3.2.1 Initial Ground-Water Monitoring Network

The initial ground-water monitoring network for the LLBGs consists of
~2four monitoring systems, each consisting of between 8 and 11 ground-water
immonitoring wells. The initial monitoring systems for each WMA were designed
~to comply with the minimum requirements for ground-water monitoring systems
N(40 CFR 265.91), and to support the design of a plausible final status moni-
toring system (Last et al. 1989, p. 4.9). These systems were designed pri-
marily to monitor the top portion of the uppermost aquifer using "shailow
Twells." The higher hydraulic conductivities and the potential for more rapid
tNsolute transport in the upper portion of the aquifer support this design.
-=0nly a few deep wells were completed at the bottom of the uppermost aquifer
~ygbeneath the 200-West Area LLBGs because monitoring of this portion of the
maquifer was considered less important due to its lower hydraulic conductivity
and considerable depth.

Each initial monitoring system was designed to include a minimum of two
shallow upgradient welis and at least three shailow downgradient wells. The
systems around WMA-3 and WMA-4 each include one deep upgradient well and one
deep downgradient well. The locations of the initial 35 wells were selected
based on the available hydrogeologic information, expected changes in the
ground-water flow directions caused by the decay of existing ground-water
mounds, available waste disposal information, and experience at nearby waste
sites. The downgradient wells were located as near to the 1imit of the WMAs
as was reasonably possible.
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The shallow wells around WMA-1, WMA-2, and WMA-3 were completed with
20-Tt screened intervals extending approximately 15 ft below and 5 ft above
the water table. The shallow wells at WMA-4 were completed with 30-ft
screened intervais (25 ft below and 5 ft above the water table) to accommo-
date the Targe water-level decreases expected from the decrease in size of
the U Pond ground-water mound. The deep wells were installed with 10- %o
30-ft screened intervals.

3.3.2.2 Design Approach for the Final Status Ground-Water
Monitoring Network

Trial designs of the final-status monitoring systems presented in Part B
of the permit application were developed by selecting new well Tocations
based on 1) the angle of incidence of ground-water flow crossing the WMA
boundary, 2) the Tocation of existing wells, 3) the potential for changes in
ground-water flow directions, 4) the available hydrogeologic information, and
5) the information on waste disposal practices. These trial designs had well
spacings averaging on the order of 400 to 500 ft. The trial designs were
then refined using the Monitoring Efficiency Model (MEMO) presented in Part B
of the permit application.

The MEMO is a simple analytical transport model used to evaluate the
"efficiency” of a monitoring network to detect plumes. The following
description of the MEMO is taken from Part B of the permit application:

The MEMO model is based upon the simple concept of the generation
and growth of a plume as that plume migrates downgradient from a
continuous source. The mode] provides, as output, a map of the WMA
showing where releases would and would not be likely to be detected
under the known constraints assumed for the analysis. The con-
straints consist of the input parameters used to compute the shapes
and sizes of the plumes, the hydraulic head information used to
determine the direction of groundwater movement, the analytical
detection 1imits for water samples from the monitoring wells, and
the extent to which the tip of a plume will be allowed to migrate
beyond the WMA boundary before it is detected. The principal out-
put of the MEMO model is the "monitoring efficiency," defined as
the ratio of the area within the WMA where a release would be
likely to be detected, to the total area of the WMA. This defi-
nition assumes that development of a release is equally likely at
any location within the WMA.
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The sizes and shapes of the plumes used in the MEMO were generaied using
the two-dimensional aha]yticaT transport medel of Domenico and Robins (1985),
which assumes a continuous line source in a uniform aquifer. In this model,
the shape of the piume of a given Tength is the same regardless of the time
required to attain that length (Part B of the permit application). The input
parameters necessary for generation of the plumes are the 1) source charac-
terization, 2) definition of detectable concentrations, 3) transport param-
eters, and 4) ground-water hydraulic parameters (Part B of the permit appli-
cation). Of these, only the hydraulic conductivities and gradients were
known in sufficient detail to permit site-specific evaluation. The remaining
parameters were characterized generically. The generic parameters/
assumptions (Part B of the permit application) used to generate the plumes

Pywere as follows:

1. detectablie concentrations, and thus the extent of the plume, are
defined by the 0.001 dilution (Cp/Cq) contour

56

e 2. plume source is assumed to be a continuous Tine source 20 ft Tong
™ 3. vretardation was ignored, using a retardation factor of 1.0
4. effective porosity was assumed to be 20% and uniform

5. longitudinal dispersivity was estimated at 70 ft over a scale of
Lt interest from 300 to 1,000 ft

™ &. ratio of longitudinal to transverse dispersivity was estimated to
o~ be 7, resuiting in a transverse dispersivity of 10 fi over the
* given scale of interest.

7

Sensitivity studies performed using MEMO ilTustrated that monitoring
efficiency was quite sensitive to well spacing, but relatively insensitive to
transverse dispersivity or to the buffer zone widith (Part B of the permit
application). The buffer zone width used in MEMO was assumed to be 500 ft at
each WMA.

Detailed discussions on the application of MEMO, the site-specific input
parameters, and the assumptions used in analysis of the monitoring systems
are provided in Part B of the permit application. This model was used as a
deterministic tool to evaluate trial network designs for a given WMA. The
trial designs were then refined until a monitoring efficiency of at least 90%
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was achieved. These final status monitoring systems (discussed in detail in
Part B of the permit application) were designed for the current hydraulic
gradients at each WMA. Significant changes in the direction of the hydraulic
gradients may necessitate the installation of additional monitoring wells to
supplement the final status monitoring systems.

3.3.2.3 Revised Ground-Water Monitoring Network

The revised ground-water monitoring network represents Phase II of moni-
toring well installation around the LLBGs. Additional ground-water monitor-
ing wells will be installed periodically until a final-status ground-water
monitoring network is achieved. The revised network presented here is based
on the design of the final-status monitoring systems presented in Part B of
the permit application and on the location of existing wells. The locations
of the 16 new wells to be installed in 1989 and 1990 were selected from those
planned for the final-status monitoring network using the following criteria,
listed in their order of relative importance.

1. Ensure that the following detection coverage requirements are met
for the waste now Tocated in each WMA (i.e., active portions)

a) At least one monitoring well is Tocated upgradient and
three wells are located immediately downgradient of the
active portions of the WMAs.

b) There is a high level of confidence (i.e., high monitor-
ing efficiency) that hazardous waste or hazardous waste
constituents will be detected in the ground-water moni-
toring wells before the waste plume reaches the outer
boundary of the buffer zone around the WMA.

2. Select locations for new monitoring wells such that they are con-
sistent with those planned for the final-status ground-water moni-
toring system of each WMA (as defined in the ground-water monitor-
ing section of Part B of the permit application)

3. Minimize the number of wells required to monitor each WMA

4. Obtain background ground-water quality data for unused WMAs or
portions of WMAs that will receive waste in the future

5. Obtain hydrogeologic characterization data to improve the current
conceptual model on the hydrogeology of the LLBGs.
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The 10 wells identified as being the highest priority of the 16 selected
wells were identified for installation in 1989. Table 3.1 Tists the existing
and planned 1989/1990 ground-water monitoring wells that will comprise the
revised ground-water monitoring systems for each WMA. The temporary weil
numbers used to identify the planned wells were taken from those identified

w3

W
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2

?

TABLE 3.1. Existing and Planned Ground-Water Monitoring Wells
at Each Waste Management Area

WMA-1 WMA-2 WMA-3 WHA-4 WMA-5

Upgradient Wells

Existing 299-E33-27 299-E26-1¢8)  299-ug-1 299-W15-16 299-U6-2
Shat tow 299-E33-28 299-E27-10 299-W10-13 299-W15-18

Wells 299-E33-29 299-E34-3 299-W18-24

Existing None None 299-W10-14 299-W15-17 None
Deep Wells

Planhed E10-mstP? E12-mi10¢C? None None None
Shal low

Hells

Proposed None None None None None
Deep Wells

Downgradient Wells

Existing 299-E28-2 299-E27-8 299-46-2 299-415-15 290-us-1¢3)
shal Low 299-E32-1® 299-E27-9 299-W7-1 299-W18-21
Vells 299-g32-2 299-E34-2 299-W7-2 299-W18-23
209-£33-3 299-E34-4 299-U7-4
299-E33-4 299-E34-5 269-W7-5
299-E33-30 299-E34-6 299-U7-6
299-W8~1
Existing None None 299-W7-3 299-418-22 None
Deep Wells
Planned E10-mi1<b? g12-mugtc? w3-m2¢c? wh-m1€C? w3-mua<b?
shal Low E10-Mw2¢C) £12-Mu9<C) w3-Mu3¢C2 Wi-w2€C2
Wells E10-Mu7<D? W3-M4 <BY wi-uséPd
w5-mai <o Wa-Mis €Y
Wh-Mu5<C)
Pianned None Nene None None None
Deep Wells

{a) Pre-1987 ground-water well constructed of perforated carbon steel casing.
(b)Y Planned well to be installed during 1990.

{c)} Planned well to be installed during 1989.

WMA = Waste Management Area.
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in the final-status moniforing systems included in Part B of the permit
application. Details of the revised ground-water monitoring systems are

discussed in the following sections.

3.3.3 Revised Monitoring Systenm

for Waste Management Area 1

The revised ground-water monitoring system planned for WMA-1 will
consist of four shallow upgradient monitoring wells and 9 shallow down-

gradient wells (Figure 3.1).
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3.3.3.1 Uparadient Wells

Three of the initial ground-water monitoring wells installied during 1987
(299-E28-27, 299-E33-28, and 299-E33-29) are located hydraulically upgradient -
(along the east side) of the active (southern) portion of WMA-1 (see Fig-
ure 3.1). These wells are located approximately 500 ft apart and are
screened in the top 15 ft of the unconfined aquifer.

One additional upgradient well (E10-MW8) is planned for installation in

1990. This well will be located approximately 700 ft north of well

299-E33-28 to monitor the upgradient ground-water quality (which may have

been impacted by nearby waste disposal facilities) for the northern extension

of WMA-1. Installation of this well prior to waste disposal in the northern
Mportion of the WMA will provide background water quality data for this por-
.~tion of the WMA. This well will be screened in the top 15 ft of the uncon-
.~fined aquifer to facilitate expected changes in the water levels, and to
r;provide consistency with the existing upgradient wells.

3.3.3.2 Downaradient {Detection) Wells

ot
Nal Five of the initial ground-water monitoring wells installed during 1987

~.:(see Table 3.1) are located hydraulically downgradient of the active portion
~0f WMA-1 (see Figure 3.1). These wells are located approximately 300 to

| 1,250 ft apart and are screened in the top 15 ft of the unconfined aquifer.

One older existing well {299-E32-1), constructed of perforated carbon
steel casing, will be added to the monitoring system to provide downgradient
rhbackground water quality data for the northern extension of the WMA prior to

waste disposal there. This well is open to the top 16 ft of the aquifer and
is currently being monitored as part of other ground-water monitoring

™

programs.

Three new downgradient wells will be installied. One of these (E10-MW2)
will be installed during 1989, while E10-MW1l and E10-MW7 will be installed
during 1990. Well E10-MW2 will be located midway between existing wells
299-E32-3 and 299-E32-4 (see Figure 3.1). This will provide a well spacing
of approximately 300 ft directly downgradient of the active portion of the
WMA, increasing the monitoring efficiency of the system and providing a high
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degree of confidence for detecting leachate migration from this portion of .
the WMA. Well E10-MW1 will be 1ocated midway between existing wells

299-E32-4 and 299-E28-26, to reduce the obliquely downgradient well spacing

along the south side of the WMA from approximately 1,250 to 625 ft. Well '

E10-MW7 will be located obliquely downgradient of the northern extension of

the WMA to provide background water quality data prior to waste disposal in

this area. Each of these new wells will be screened in the top 15 ft of the

aqguifer or will be screened in the entire thickness of the aquifer where a

basalt high may reduce the aquifer thickness to less than 15 ft.

3.3.4 Revised Monitoring System for Waste Management Area 2

The revised ground-water monitoring system planned for WMA-2 will con-
sist of four shallow upgradient monitoring wells and 8 shallow downgradient
wells (Figure 3.2).

3.3.4.1 \Upgradient Wells

Two of the initial ground-water monitoring wells installed during 1987
(see Table 3.1) are Tocated hydraulically upgradient of the active portion of
WMA-2 (see Figure 3.2). These wells are located approximately 850 ft apart

and are screened in the top 7 to 14 ft of the unconfined aquifer. One of
these wells (299-E34-3) also 1ies downgradient of active trench 94.

An older existing well {299-E26-1; see Figure 3.2), constructed of per-
forated carbon steel casing, will be added to the monitoring system to pro-
vide additional upgradient water quality and water-level data for the WMA.
This well is open to the top 11 ft of the aquifer and is currently monitored
as part of other ground-water monitoring programs.

One additional upgradient well (E12-MW10) is planned for installation in
1989. This well will be Tocated along the far eastern Timit of WMA-2 (see
Figure 3.2), which is currently not monitored. This well will provide repre-
sentative samples of the ground-water quality conditions upgradient of active
trench 94. This well will be screened in the top 15 ft of the aquifer,
unless the aquifer thickness is Tess than 15 ft.
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3.3.4.2 Downgradient (Detection) Wells .

Six monitoring wells instailed in 1987 (see Table 3.1) are located down-
gradient of the active portion of WMA-2 (see Figure 3.2). Three of these
wells are located at approximately 600-ft intervals along the northern
boundary of the WMA, and two are located approximately 600 ft apart along
the southern boundary. One of the wells along the northern boundary of the
WMA did not encounter the unconfined aquifer before encountering the Elephant
Mountain Member. This well (299-E34-4) was screened immediately above the
basalt surface, but remains dry. The other two wells along this northern
side encountered only 4 to 6 ft of unconfined aquifer above the basalt sur-
face. A sixth downgradient well (299-E34-2) is Tocated within an alcove
extending inte the WMA. Although this well is not considered to lie at the
point of compliance, it will continue to be monitored to potentially provide
an early warning of leachate migration. An older existing well (299-E34-1)
immediately adjacent to well 299-E34-2 will not be monitored. These wells
are screened in the top 15 ft of the aquifer, except where the aquifer thick-
ness is less than 15 ft.

Two additional downgradient wells will be installed in 1989 (see
Table 3.1). Well E12-MW8 will be Tocated approximately 400 ft west of
299-E27-8, and 500 ft south of 299-E34-2, directly downgradient of the oldest
portion of the WMA. This will increase the monitoring efficiency for this
area. Well E12-MW9 will be located downgradient of active trench 94, pro-
viding immediate downgradient coverage for this trench. These new wells will
be screened in the top 15 ft of the aquifer.

3.3.5 Revised Monitoring System for Waste Management Area 3

The revised ground-water monitoring system planned for WMA-3 will con-
sist of two shailow upgradient monitoring wells, 11 shallow downgradient
wells, and 2 deep monitoring wells (one upgradient and one downgradient).
Figure 3.3 shows the planned configuration of the revised ground-water moni-
toring system for WMA-3.
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3.3.5.1 Shallow Uparadient Wells

Two of the shallow ground-water monitoring wells installed during 1987
(see Table 3.1) are Tocated hydraulically upgradient of the active portion
of WMA-3 (see Figure 3.3). These two wells (299-W9-1 and 299-WI0-13) are
located approximately 1,750 ft apart along the western and southern bound-
aries of the inactive portion of burial ground 218-W-5. Each of these wells
is screened in the top 15 ft of the aquifer.

No additional shallow upgradient wells are planned at this time.

3.3.5.2 Shallow Downgradient (Detection) Wells

Seven of the shallow wells installed during 1987 are located hydraulic-
ally downgradient of WMA-3. Five of these wells are located approximately
600 to 1,200 ft apart along the northern boundary of the WMA, which is nearly
90 degrees to the ground-water flow direction. Well 299-W6-2 is located
along the eastern boundary of the WMA, nearly parallel to the ground-water
flow direction. Well 299-W7-4 is Tocated within the WMA, and although it is
not at the point of compliance, it will continue to be monitored to provide
early warning of Teachate migration. These shallow downgradient wells are
all screened in the top 15 ft of the uppermost aquifer.

Four new shallow downgradient wells will be added to this monitoring
system. Two of these wells (W3-MW2 and W3-MW3) will be installed during
1989, and two (W3-MW4 and W5-MW1) will be installed during 1990. These new
wells will be inserted between existing wells to reduce the well spacing to
300 to 450 ft along the northern boundary of the 218-W-5 burial ground and to
approximately 500 ft along the northern and northeastern boundaries of the
218-W-3A-E burial ground. This will provide a high degree of confidence
that hazardous waste or hazardous waste constituents that may migrate from
the WMA will be detected in the ground-water monitoring wells. Each of these
new wells will be screened in the top 15 ft of the unconfined aquifer.

3.3.5.3 Deep Monitoring Wells

A remote possibiTity exists for dense nonagueous-phase liquids to be
generated from the buried wastes in this WMA. Thus, the bottom of the
unconfined aquifer beneath WMA-3 will be monitored by the two deep monitoring
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wells installed during 1987. Well 299-W10-14 is located hydraulically
upgradient of the WMA, and is screened immediately above the Tower Ringon/
fine-grained basal Ringold confining unit that forms the base of the aquifer.
Well 299-W7-3 is located hydraulically downgradient of the WMA and is
screened immediately above the first basalt flow that forms the base of the
unconfined aquifer, where the lower Ringold/fine-grained basal Ringold unit

is missing. Wells 299-W7-3 and 299-W10-14 are screened in the bottom 20 ft
of the unconfined aquifer.

No new deep wells are planned at this time.

3.3.6 Revised Ground-Water Monitoring Sysiem for Waste Management Area 4

The revised ground-water monitoring system for WMA-4 will consist of 3
™Mshallow upgradient wells, 9 shallow downgradient wells, and 2 deep monitoring
Pwells. Figure 3.4 illustrates the configuration of the revised ground-water
~rymonitoring system for WMA-4.

™ 3.3.6.1 Shallow Uparadieni Wells
{\!

Three of the shallow wells installed in 1987 lie upgradient of WMA-4
~“(see Figure 3.4). These wells are located approximately 600 to 800 ft apart
malong the eastern boundary of the active portion of the 218-W-4C burial
wground. A1l of these wells were screened in the top 25 ft of the unconfined
_aquifer to allow for the continued drop in water levels resulting from the
(\Secrease of the ground-water mound beneath the decommissioned U Pond.

o

-~ No additional shallow upgradient wells are planned at this time.
3.3.6.2 Shallow Downaradient (Detection) Wells

Three of the shallow wells instailed during 1987 lie downgradient of
WMA-4 (see Figure 3.4). These wells are located approximately 1,200 to
1,400 ft apart along the western boundary of the active portion of the
218-W-4C burial ground. These wells are also screened in the top 25 ft of
the aquifer to accommodate the decreasing water levels. An older existing
well (299-W18-3) located inside the WMA will not be monitored.

Five additional shaliow wells will be installed downgradient of this
WMA; 4 in 1989 and 1 in 1990 (see Table 3.1). Three of these wells (W4-MW1,
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W4-MW2, and W4-MW3) will be installed to monitor the 218-W-4B burial ground,
recently included in this WMA. These wells will be located approximately
350 ft apart along the western and northern boundaries of this burial ground.
The remaining two wells (W4-MW4 and W4-MW5) will be located along the western
boundary of the WMA between wells 299-W15-15 and 299-W18-23. This boundary
Ties at approximately 90 degrees io the direction of ground-water flow.
Installation of these two new wells will reduce the well spacing along this
active portion of the 218-W-4C burial ground from 1,400 ft to approximately
450 to 500 ft. All of these new wells will be screened in the top 25 ft of
the unconfined aquifer to accommodate the decreasing water levels in this
area and to provide monitoring consistency with the existing wells.

3.3.6.3 Deep Monitoring Wells

. A remote possibility exists for dense nonaqueous-phase Tiquids to be
generated from the buried wastes in this WMA. Thus, the botiom of the uncon-
f1ned aquifer beneath WMA 4 will be monitored by the two deep monitoring
“wells installed during 1987 Well 299-W15-17 is located hydraulically upgra-

Cdient of the northern portion of the WMA and is screened in the bottom 10 ft

~of the aquifer, immediately above the Tower Ringold/fine-grained basal

~--Ringoid confining unit. Well 299-W18-22 is located hydraulically downgra-

~dient of the southern portion of the WMA and is screened in the bottom 30 ft
of the aquifer, immediately above the lower Ringold/fine-grained basal

"Eingo1d confining unit. Note that the continued decrease of the U Pond

Tground-water mound may Tead to a shift in the hydraulic gradient from a

esterly to a northerly direction, causing the upgradient/downgradient roles
of these two wells to reverse.

No new deep wells are planned at this time.

3.3.7 Available Ground-Water Monitoring Wells for Waste Management Area 5

Currently, no ground-water monitoring system is in place around WMA-5
(covering the future site of the 218-W-6 burial ground). However, two wells
are currently present from which background water quality data might be
obtained, and a third well will be installed in 1990. Two of these wells Tie
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hydraulically upgradient of the WMA, and the third Ties near the center of

the WMA (Figure 3.5). No new wells are currently planned for specifically
monitoring this WMA.

3.3.7.1 \Uparadient Wells

Well 299-W6-2 was installed in 1987 as part of the shallow downgradient
monitoring system for WMA-3. This well also will provide upgradient back-
ground water quality data for WMA-5. This well is screened in the top 15 ft
of the unconfined aquifer.

An older existing well (299-W11-18), constructed of perforated carbon
steel casing, may be useful in providing upgradient background water-
quality data and/or water-level data for the WMA.

1 i | ‘N75|000 1 | | W?SE’OOO |
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for Waste Management Area 5
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Planned well W3-MW4 will be instalied in 1990, again, to provide down-
gradient water quality data for WMA-3. This well, too, will be incorporated
into the upgradient monitoring system for WMA-5.

3.3.7.2 Downgradient Wells

Only one older existing well (299-W6-1) is present downgradient of
WMA-5. Although this well is Tocated within the WMA, it could provide some
background downgradient ground-water quality data for WMA-5. This well is
constructed of carbon steel and is perforated in the top 37 ft of the uncon-
fined aquifer.

No additional downgradient wells are planned at this time.

.3.8 Use of Existing Wells

N
~ Numerous older existing wells and boreholes are Tocated within close
;{groximity (1,000 ft) to the WMAs (Last et al. 1989) (see Figures 3.1 through
3.5). Geologic data from these older wells, including natural-gamma Togs,
Egieve data, driller’s logs, and/or other geologic information, have been used
cﬁy Last et al. (1989) to support hydrogeologic characterization of the LLBGs.
“Two to four existing wells are planned to be included in the monitoring sys-
—~tems for ground-water sampling and/or water-level measurements, even though
~they were not constructed to current specifications. Before using these
_ye113, however, they must be closely scrutinized to determine if data from
these wells are representative and valid. This is particularly true of
?ﬁater—leve1 and hydrochemical data, which may be invalidated by improper or
“inconsistent methods of well construction and development. Modifications to
these wells may be necessary prior to their incorporation into the monitoring
systems.

Wells not installed to the current specifications will be evaluated for
their use in three general ways:

« Geologic and drill-log evaluation--These logs will be evaiuated for
construction details. If it is determined that there may be a
problem with the construction (i.e., poor annular seal, severe
problems during drililing or construction), the well will either be
remediated (if possible) or will be removed from consideration.
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» Visual inspection--The well will be inspected at the surface for .
casing and concrete pad integrity. The well will also be inspected
by downhole camera. If problems with encrustation or integrity are
obvious, the well will either be remediated (if possible} or will
be removed from consideration.

e Evaluation of water chemistry data--Water chemistry data collected
from the well will be evaluated on an ongoing basis. If the data
indicate unusual trends or irregularities, the well will be
reevaluated for possible remediation or will be removed from
consideration.

3.3.9 Installation of New Characterization/Monitoring Wells

Sixteen additional monitoring wells, completed in the top 15 to 25 ft of
the unconfined aquifer, are planned for expanding the initial ground-water
monitoring network for the LLBGs. Estimated coordinates and construction
details for these wells are presented in Table 3.2. The addition of these
16 wells to the current network of 35 wells is not necessarily intended to
represent the final ground-water monitoring network. Additional monitoring
wells may be required to achieve full compliance with state and federal regu-
lations. The placement of any additional new wells (not discussed in this
plan) will depend on results of water-level measurements, water-quality
analyses, and hydrogeologic information collected from the existing monitor-
ing wells and those installed under this plan. Information from the first 10
planned wells to be instailed in 1989 will help finalize the Tocations of
the remaining 6 wells planned for 1990.

3.3.9.1 Justification for Planned Well Locations

The designs of the revised ground-water monitoring systems for each WMA
were presented in detail in Sections 3.3.3 through 3.3.7. These sections
present the rationale for the 16 new wells in the context of the overall
monitoring sys