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I :ween these different permeable layers may occur along geologic struc-

tures such as the Umtanum Ridge-Gable Mountain anticline. Some vertical

leakage between high-permeability zones may also take place across the

low-permeability interiors of individual basalt flows, although the quan-

tity of such leakage is considered quite low compared to the volume of
‘oundwater moving laterally.

Modeling of the near-field groundwater flow system around a reposi-
tory indicates that the groundwater flow paths are primarily controlled by
the more permeable flow tops between successive flows. Results of model-
3 also indicate that the minimum groundwater travel times from the
repository site to the accessible environment, a distance defined by the
U.S. Environmental Protection Agency in its draft regulations as 10 kilom-
eters (6.2 miles), would be on the order of 10,000 years or greater. The
very small quantities of radionuclides which do ultimately travel to the
accessible environment appear to remain small and we | below the U.S. Envi-
rc nental Protection Ac icy draft 1 jlatio

Over the past several years, a number of far-field hydrologic model-
ing studies have been conducted by independent organizations. Each study
had 1imiting assumptions and used the most recent data available at the
time of the study. Travel times were estimated for groundwater movement
between the repository and a discharge point at the Columbia River, a dis-
tance of 8 to A0 kilometers (5 to 35 miles) depending upon the assumed
flow path. Travel times estimated ranged from 20,000 to over 1 million
years. Regardless of the different assumptions used, these estimated
pre-waste-emplacement travel times are significantly longer than the

S. Nuclear Regulatory Commission proposed technical criterion of a
1,000-year minimum travel time between the repository and the accessible
environment.

GEOCHEMISTRY

A preliminary assessment of the environmental conditions within the
basalts beneath the reference repository location has been made. The
parameters measured were temperature, pressure, groundwater composition,
basalt mineralogy, Eh, and pH. The results of these studies have estab-
lished the prevailing geochemical conditions for the candidate repository

rizons of the Grande Ronde Basalt. Based on the current knowledge of
these environmental conditions, matrix dissolution and leaching (ion
exchange) represent the major degradation mechanisms for the waste form.
General corrosion is the mechanism that will probably dominate canister
degradation. At the end of the waste containment period, precipitation of
new, less soluble, mineral phases from saturated solutions is the process
that will 1ikely control radionuclide concentrations in the groundwater
flow system for all meaningful time periods relative to release criteria.















Radionuclide release appears to remain well below the U.S. Envi-
ronmental Protection Agency draft regulations for both disrup-
tive and nondisruptive scenarios.

ISSUES AND PLANS

A review of the information obtained during preliminary site charac-
terization resulted in the identification of fifteen issues or technical

questions

that require answers to satisfy the proposed regulatory cri-

teria. The work to be accomplished to answer an issue or technical ques-
tion has also been identified. The four issues related to geology and

hydrology

Four
follows:

or to modeling the groundwater flow system are as follows:

What is the total amount (activity) of radionuclides potentially
releasable to the accessible environment in a 10,000-year period,
and is this amount in compliance with appropriate U.S. Environ-
mental Protection Agency regulations?

What are the geologic, mineralogic, and petrographic charac-
teristics of the candidate repository horizons and surrounding
strata within the reference repository location?

What are the nature and rates of past, present, and projected
structural and tectonic processes within the geologic setting
and reference repository location?

Are the pre-waste-emplacement groundwater travel times near the
repository sufficient to assure compliance with U.S. Nuclear
Regulatory Commission proposed technical criteria?

issues related to geoengineering and repository design are as

Can stability and isolation capability of the repository be
maintained in the presence of coupled in situ, excavation-
induced, and thermal-induced stresses?

Can repository shafts, tunnels, and exploratory boreholes be
constructed and sealed without causing preferential pathways
for groundwater or increasing the potential for radionuclide
migration from a nuclear waste repository such that compliance
with appropriate U.S. Environmental Protection Agency regula-
tions is not possible?

Can satisfactory representative measurements or estimates of
rock-mass strength be obtained?

Are current methods of in situ stress measurement used at

depth reliable enough to provide satisfactory data for design
requirements?
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The methods to be used for obtaining the needed data include the
drilling of boreholes, construction of an exploratory shaft, and in situ
testing of the selected candidate repository horizon, geophysical surveys,
T "y and field { ting, and numerical moc ling.

Logic diagrams and schedules contained in this Site Characterization
Report identify the or :r in which the major work element activities will
| onducted, the interface between activities, and the timing for comple-
1 of the activities for the detailed site characterization leading to
the eventual construction and operation of a repository.
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1. IN" )DUCTION

1.1 REGIONAL SETTING

The U.S. Department of Energy's (DOE's) Hanford Site is located in
the southeastern part of the state of Washington, just north of the con-
fluence of the Columbia, Snake, Walla Walla, and Yakima Rivers. The
southeastern part of Washington and adjacent parts of the states of Idaho
and Oregon are unique, in that the region is covered by a thick mantle of
lava flows called the Columbia River Basalt Group. Successive prehistoric
flows of basalt have led to the formation of a broad relatively flat pla-
i w. Near the center of the plateau is a gentle downwarped area called
the Pasco Basin. The Hanford Site is centrally located within the Pasco
Basin, just north of tI city of Richland (Fig. 1-1).
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FIGURE 1-1. Location (in perspective) of the Pasco Basin and
Hanford Sit . Washington State.
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1.2 BACKGROUND

At the request of the U.S. Atomic Energy Commission in 1955, the
National Academy of Sciences-National Research Council initiated a feasi-
bility study for disposal of high-level radioactive wastes on land within
the continental limits of the United States. Among the proposed disposal
methods were disposal of solidified wastes in salt, injection of liquid
wastes in permeable formations deep underground, and incorporation of all
radioactive materials into virtually insoluble silicate blocks and storing
them on the ground surface in arid areas or in dry mines.

In the early 1960s a program of studies was undertaken to obtain
data on bedded salt, hydraulic fracturing in shale, and bedrock storage
in granite rock. By the mid-1960s concern was expressed (1) about the
ability to store liquid wastes in underground chambers mined out of the
crvetalline hedrnrk and (2) ahnait the long-term capacity of the hydraulic

7O | rtl
Acaaemy OT dciences-National Kesearch Louncii Lommittee on Geologic
Aspects of Radioactive Waste Disposal that a program be implemented to
drill and test geologically acceptable basin provinces in the United
States and, specifically, to reenter the 3,248-meter (10,655-foot) bore-
hole in the Rattlesnake Hills, located at the southwestern boundary of
the Hanford Site. The committee also recommended that detailed geologic
investigations of the Rattlesnake Hills be conducted to determine the
feasibility of constructing underground storage tunnels in basalt for
the disposal of solid nuclear wastes.

As a result of the information obtained from the deep borehole in
the Rattlesnake Hills, funding was provided to drill several deep
boreholes in the Hanford Site to further characterize the underlying
basalt rock. As part of this study, four deep boreholes greater than
1,067 meters (3,500 feet) deep were drilled, and limited hydrologic tests
were conducted within the Hanford Site in the late 1960s. Results of the
borehole studies were summarized in ARHCO (1976).

Emphasis was placed in the mid-1970s on waste solidification and
interim storage in engineered surface storage facilities. The major
effort in waste-form technology was devoted to glass.

In 1976, the U.S. Energy Research and Development Administration
expanded its commercial radioactive waste management programs and estab-
lished the National Waste Terminal Storage Program. The U.S. Energy
Research and Development Administration's successor, the DOE, has aggres-
sively continued this technical program to meet appl :able regulatory
requiremen’ and to ensure that nuclear waste management problems will
not be deferred to future generations.

1.2-1
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The Office of Nuclear Waste Isolation was also involved in the develop-
ment of the technology common to the design, construction, operation, and
decommissioning of geologic repositories. The U.S. Geological Survey is
assisting the DOE by providing technical expertise in all of these program
er 1ts and by screening geohydrologic provinces on a prototypical basis.

Rockwell Hanford Operations (Rockwell) is presently responsible for
the investigations of the basalts beneath the Hanford Site for the DOE.
The BWIP, operated by Rockwell, has been chartered by the DOE, as part of
the National Waste Terminal Storage Program, to conduct this work. The
BWIP mission is to identify potential geologic repository sites in basalt
within the Hanford Site, to design the facilities associated with such a
repository, and to develop technology required for the permanent isolation
of radioactive wastes in basalt formations. If feasibility is shown, the
DOE may proceed with the detailed design, construction, and operation of
such a facility. The BWIP has emphasized the systems approach to integrate
diverse program elements including geologic and hydrogeologic studies,
development of nuclear waste packages, and repository-engineering studies.

1.2-4
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The reference repository location is situated in the relatively flat-
lying Cold Cr¢ : syncline, which is bounded on the rth by the Gable
Butte-Gable Mountain a1 _icline 1d on the south by the Y :ima Ridge 1ti-
cline (Fig. 1-5). .ue mbined thickness of tI Hanford and Ringola sedi-
ments overlying the basaits at the reference repository location is about
180 meters (600 feet). The Umtanum and the middle Sentinel Bluffs flows
are the candidate horizons (Fig. 1-4). The middle Sentinel Bluffs is
three flows higher than the Umtanum flow in the section shown. Eighteen

basalt flows encompassing about 700 meters (2,300 feet) overlie the middle
Sentinel Bluffs flow.
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The results of the first step of the methodology were development of
two sets of guidelines: one for identifying candidate sites in a screen-
ing process and another for ranking these sites. The approach used to
accomp ish this step of the methodology consists of the following:

Defining the overall goal of the study and developing a formal
statement of objectives for the proposed repository (e.g., to
minimize adverse conditions affecting public health and safety)

o Defining and establishing the considerations that described the
concerns of each objective; e.g., fault rupture and groundwater
contamination were established as considerations that describe
the objective of public health and safety

e Defining specific measures for each consideration and establish-
ing the appropriate numerical guidelines for each measure; e.g.,
o d i to faults wi :ablist as an n  defined for
the consideration of fault rupture; a numerical guideline was to
include areas for further study that occur greater than 8 kilom-
eters (5 miles) from active faults

e Reviewing the guidelines with respect to completeness, rele-
vancy, practicability, applicability, and sensitivity to
changes in basic information used to develop the guidelines

e Identifying guidelines for use in the siting study.

A flow diagram summarizing the guideline development approach is
shown in Figure 2-4.

In the development of the guidelines, a set of terms unique to the
siting methodology was established. These terms are: overall anal,
objectives, consideratinn<, measures, and midelinac  As ui3cus>ed below,
each term represents a mure detailed and >peu ific arviculation in response
to the overall goal of the siting study.

2.1.1.1 Development of Siting Objectivee ransiderations, and Measures.
The first step in developing guidelines was .2 establishment of sound
objectives for the siting decision. Existing and anticipated regulations,
national and state environmental legislation, and principles of sound
engineering practice provided basic guidance for the articulation of the
siting objectives:

o Maximize public health and safety
Minimize adverse environmental and socioeconomic impacts

o Minimize costs necessary to attain the requisite level of
safety, as well as costs of mitigation.

2.1-3
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USED IN SCREENING

.Q' TTTTT 7777 A FORMAL STATEMENT OF THE AIMS OF THE SITING PROCESS; THAT IS, IDENTIFYING ACCEPTABLE SITES FOR A
NL___ ... ...._TE REPOSITORY (WCC, 1981).

POBJECTIVE: A CONDITION THAT IS TO BE ADDRESSED IN ORDER TO MEET THE OVERALL GOAL OF THE SITING PROCESS (e.g., MAXIMIZING
PUBLIC HEALTH AND SAFETY) (WCC, 1981).

CCONSIDERATION: A CONDITION OR STATEMENT OF THE SPECIFIC ASPECT OF OBJECTIVES DESCRIBED TO MEET THE OVERALL GOAL OF
THE SITING PROCESS (e.g., FAULT RUPTURE IS A CONSIDERATION OF THE SAFETY OBJECTIVE) (WCC, 1981).
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IS A MEASURE OF THE FAULT RUPTURE CONSIDERATION (WCC, 1981).

®GUIDELINE: A QUANTITATIVE OR QUALITATIVE STATEMENT THAT DEFINES A REQUIRED LEVEL OF ACHIEVEMENT IN THE SITING PROCESS.

GUIDELINES MAY CHANGE WITH TIME, SINCE THEY DEPEND ON SOCIAL, POLITICAL, TECHNOLOGICAL. AND FINANCIAL CONDITIONS (WCC, 1981).
FOR DEFINITION OF SPECIFIC TYPES OF GUIDELINES, SEE GLOSSARY.

RCP8201-65

FIGURE 2-4. Relationships of Terms Used in Screening and Ranking
(wWcc, 1981).
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For each objective described above, a set of considerations and the
means to measure them were developed. The selection of considerations was
based on assumed repository design and performance estimates, the perti-
nent regulatory guidance, and assessment of the natural and man-made char-
acteristics of the study area. The considerations were further limited to
those that might be expected to differ from one location to another.

The choice of measures for these considerations was based on past NRC
licensing experience and relevant regulatory decisions, on the availabil-
ity of data, and on the need to portray as many measures as possible on
maps.

2.1.1.2 Development of Siting Guidelines. The approach to the develop-
ment of siting guidelines consisted of the following steps, which are
illustrated in Figure 2-5:

Identify d evaluate the baseline conditions
Develop screening guidelines using the baseline information

o Review and revise the guidelines for use in the siting process.

- ! e
BASELINE CONDITIONS GUIDELINES GUIDELINES

1

IDENTIFY AND EVALUATE DEVELOP SCREENING REVIEW AND REVISE_\

r~ -
DEFINE IDENTIFY DEVELOP

»| CONSIDERATIONS | PRELIMINARY
OBJECTIVES AND MEASURES GUIDELINES

RCP8201-67

FIGURE 2-5. Approach to Guideline Development (WCC, 1981).

2.1.1.2.1 Baseline Conditions Used in Guideline Devel~nmant  Ap
essential part of the development of siting guide:ines was voe iuentifica-
tion and selection of basic information or data that established baseline
conditions describing a reference nuclear waste repository (WCC, 1981,
Table III-1). This information provided qualitative and gquantitative
information, in addition to descriptive and facility performance informa-
tion which provided a basis for estab11sh1ng numerical guidelines in the
siting process.
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2.1.1.2.2 Develnnmant ~f Runidalines, The development of the guide-
lines began with tic aicicuraviun 0 wie siting objectives (see Sec-
tion 2.1.1) and proceeded systematically to refine these objectives and
identify a means of measuring the achi nt of the objectives. The
resuli « this process were the guidelines. Sites identified by the
guidelines can be shown to meet minimum levels of achievement for the
siting objectives used.

Two types of sc1 :ning guidelines were established: inclusionary
and classifying. An inclusionary quideline was defi d as one for which
a finite level of achievement must be reached to meet siting objectives.
This level of achievement was required or implied by statute, regulation,
technological limitations, or gross economic considerations. In such a
case, a limit was established for the appropriate measure. A classifying
quideline was defined as one for which a finite level of achievement was
not required or could not be established, but that could provide a basis

- for differentiating between areas. In such a case, the measure itself was

established as the guideline. A classifying quideline was used to ident-
ify groups of areas or localities with similar characteristics. (For
examples of guidelines, see Section 2.2.)

2.1.1.2.3 PRoview 3nd Revision of Guidelines. The final step in
guideline develupmen. wds to review the established guidelines. At the
o :set of the siting study, the emphasis on guideline review was (1) con-
sistency within the set of guidelines, (2) compatibility with emerging
repository design concepts and repository systems development, (3) compli-
ance with regulations, (4) completeness and reasonableness in comparison
to previous or concurrent repository siting guide ine development efforts,
and (5) the ability to portray guidelines on maps. Review was accom-
plished through an examination of pertinent literature, comparison with
successfully applied gquidelines that had been used to site similar large
facilities, meetings with experts in engineering and geosciences, and test
applications of selected 1Iidelines on a portion of the study area.

2.1.2 Screening Process

The screening process was used to systematically and rapidly focus
on portions of the study area where the 1ikelihood of finding conditions
favorable to a given purpose (e.g., siting a repository) was high, rela-
tive to other parts of the study area. The process was designed to ulti-
mately identify a set of candidate sites from which a reference repository
Tocation could be identified.

Basically, the screening process involved the compilation, analysis,
and transfer of data to maps reflecting the applicable guidelines through
a series of repeatable steps. Each step of the scree ng process con-
sisted of two substeps: selection of the guidelines to apply in that step
and anual application of the guidelines on overlay m 's.

2.1-6
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..1.e se’ :tion of guidelines used in a particular step of :reening
was governed primarily by the map scale, completeness of data base, and
ease of application of the individual guidelines. The screening guide-
lines were applied through an overlay process, shown schematically in
Figure 2-6. The superimposing of overlays (each showing a different set
of mapped guidelines) enables areas failing to meet the inclusionary
guidelines to be identified and removed from further consideration. The
distinct and successively smaller areas defined using the four-step
screening process are shown in Figures 2-7 and 2-8. Definitions of the
area designations are given in Table 2-1.

In site identification studies for the BWIP, a distinction was drawn
between screening guidelines that applied only to surface facilities dur-
ing the operation phase and those that applied to subsurface facilities
during the operation and/or isolation phase.

This distinction led to identificat”® 1 of relatively small land areas
(localitie¢ 1 having a variety of surfacessubsurface siting options. The
surface/subsurface distinction recognizes that portions of the subsurface
facility (e.g., horizontal galleries) may be located logically and safely
beneath a portion of the surface that may not of itself be suitable for
siting a nuclear materials handling facility. For the purpose of siting,
subsurface guidelines take precedence over surface guidelines. That is,

a portion of an area screened from consideration on the basis of surface
guidelines was considered usable if subsurface conditions were deemed
favorable.

2.1.3 Rerking Prncess

The ranking process was used to differentiate among the candidate
sites in terms of the siting objectives developed for the study. Ranking
of the candidate sites was based on a decision analysis approach. The
decision analysis approach separates a problem into parts that are easier
to analyze than the whole, then puts the parts back together using a logi-
cal and systematic procedure.

The decision analysis approach used in the identification of the
reference repository location and alternate repository location is termed
dominance analysis. The dominance analysis was conducted by a Siting
Committee formed of technical representatives from Woodward-Clyde Consul-
tants and Rockwell Hanford Operations. The steps followed in the ranking
process are summarized in Table 2-2.

2.1-7



















2.1.4 [ relopment of a Data Ba:

A necessary part of siting methodology that had a significant impact
on each step followed in the ranking process was the collection, review,
and cataloging of available published and unpublished data. This proce-
dure was tailored to be applicable to each specific aspect of siting
(guideline development, screening, ranking). Published and unpublished
reports describing the geology, tectonics, hydrology, land use, etc. of
the study area provided the necessary information to complete the steps
of the siting process. Of particular use were reports summarizing geo-
logic (Myers/Price et al., 1979) and hydrologic (Gephart et al., 1979)
data gathered through surface mapping, drilling and testing, and geophysi-
cal surveys. Data collection and review were based on the following
assumptions:

Data 'wiewed were readily available

e [ :@a 2'_ i | evaluation wer . for use in a siting process with
applications of present-day technology

e Data coverage and detail varied depending on the area in ques-
tion and the step in the siting process.
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Surmmary Description of Technical Factors Considered
1n the Siting Process (WCC, 1981).2

(S et 6 of 7)

Factor

Conditions evaluated

Facilities or areas
interpreted to be
possible defense or
security risks.

Boreholes penetrating
basalt and boreholes
within 2.4 km (1.5 mi)
of the subsurface lim-
its of the candidate
site.

Potentially hazardous
facilities or areas.

Disruption to integrity
of host flow and/or rock
volume.

Description

Location with respect to
site or percent of site
ea.

mber, location on-
site, number outside
site, depth, (for
boreholes >300 m
(>1,000 ft)).

SI.. CONDITIONS POTENTIALLY AFI__TING SYSTEM (_3TS

Tt :kness of unconsoli-
dated material.

Depth to the unconfined
aquifer.

Depth to the proposed
repository (shaft
length).

Candidate site topo-
graphic characteristics.

Candidate site prepara-
tion and construction
costs.

Depth of sediments to be
excavated for repository
construction.

Saturated and unsaturat-
ed sediment thickness.

Rock volume.

Site surface relief.

Regolith and rock vol-
ume, surface relief,
saturated soil volume,
groundwater dispersion,
construction personnel
protective measures.

2.2-7

Ringold Formation;

laciofluvial sediments
?Hanford formation),
top-of-basalt eleva-
tion, ground surface
elevation.

Elevation of top of
saturated zone, ground
surface elevation.

Depth to repository
host flow.

Description, minimum,
maximum, and average
elevation.

Surface topography,
thickness of unconsoli-
ited material, depth to
uifer and to reposi-
tory flow.
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TABLE 2-4.

Summary of Screening Guidelines (WCC, 19L_). (Sheet 1 of 5)

Consideration

Measure

deline*

Natural hazards

1. Fault rupture

2. Generation of
new faults

3. Ground motion

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY

a. Horizontal and vertical
distance from known faults
interpreted to be capable

b. Horizontal and vertical
distance from known faults
interpreted to be not
capable and zones of frac-
turing and jointing

c. Location with respect to
lineaments and postulated
faults

Location with respect to future
potentially capable tectonic
structures

Location with respect to
potential earthquake sources
and estimated levels of ground
motion

a. Include areas >8 &
from known faults

b. Include areas >8 k
from known faults
low potential for

a. Include areas >0.€
preted to be not ¢
and jointing

b. [Include areas >0.8
capability is unkn
a capability evalu

Evaluate areas on basis
(lineaments), as interp
physical data, and posti

Include areas >8 km (>5
capable of forming new

a. Include areas that n
acceleration from kn
sources

b. Include areas >19.3
>MM V and >9.7 km (>
magnitude >4.0 that
clusters as interpre
epicenter plot maps

c. Evaluate areas and
lated earthquakes ot
magnitude >4.0, bas
and geologic and te«

mi), horizontally and vertically,
reted to be capable

m horizontally and vertically,
¢ bility is unknown, which have
b ty evaluation

0.5 mi) from known faults inter-
+ and from zones of fracturing

.5 mi) from known faults whose
which have a high potential for

timity to linear features
‘om remote sensing and geo-
‘aults

wm folds interpreted to be

e subject to <40% g peak surface
and interpreted earthquake

2 mi) from fault epicenters
from instrumental epicenters
in concentrations or

‘om historical-earthquake-

locations with respect to iso-
enter intensities >MM V and
estimated location errors
setting

d. Evaluate areas and t--~*- locations with respect to

shallow (<56.3 km («
on location error, ¢
local and regional ¢

1) depth) microearthquakes based
jic and tectonic setting, and
i regime
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TABLE 2-4.

Summary of Screening Guidelines (WCC, 19¢ . (Sheet 3 of 5)

Conslderatlon

Measure

11. Stratigraphic
characteristics

Man-made hazards

1. Aircraft impact

2. Hazardous
facilities

a. Bedrock dip

b. Presence of suitable stra-
tigraphic characteristics

c. Thickness of underlying
basalt

a. Distance from airports

b. Locations with respect to
comnercial jet routes and
military routes

c. lLocation with respect to
restricted airspace

Location with respect to
hazardous facilities, pos-
sible missile generators,
and possihle vapor sources

Guideline*

Evaluate areas on basis of bedrock dip:
A = 0 to 5 degrees

5 to 10 degrees

>10 degrees

8
€

LTI

Include areas where basalt flows with desirable internal-
flow structure, density, porosity, extent, continuity, etc.,
are >30 m (>100 ft) ick within the proposed repository
depth zone

Include areas where thickness of underlying repository
host-rock-type material at the repository depth is >152.4 m
(>500 ft)

a. Include areas >8 km {>5 mi) from airports shown on
state airport plans, accommodating aircraft >5,670 kg
(>12,500 1b) gross weight or any military airport

b. For airports with >12, ) yearly operations, but with
50,000, include areas >d kilometers from airport:
distance (d) = /0 005‘ v total o ~?_ggglgg§ [d miles

from airport: = X tot

operations].

c. For airports with 50,000 to 100,000 operations per
year, include 16 km (10 miles) from airport. For
airports with 100,000 operations per year, include
areas >d kilometers from aerort distance

,(d) v0.0026 x total operations {d miles from airport:

= /0.001 x total operatlons]
Evaluate areas with respect to proximity to high-frequency
routes
Include areas away from limits of restricted airspace
defining military airspace usage

a. Include areas away fi facilities occupying 7,284 ha
(18,000 acres) or more

b. Include areas »0.97 (>0.6 mi) from potential explo-
sion, fire, missile nacards

c. Include areas >0.97 (>0.6 mi) from potential sources
of noxious or flamma vapors

d. Evaluate areas on ba of proximity to hazardous

facilities
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TABLE 2-4. Summary of Screening Guidelines (WCC, 19¢ ). (Sheet 5 of 5)
Consideration Measure tideline*
2. Culturally impor- a. Location with respect to Include areas greater t a calculated distance based on
tant areas: Indian designated scenic areas height of surface repos 'y
reservations,
parks, monuments, b. Location with respect to Include areas outside of ‘:signated culturally important
wilderness, primi- all designated areas areas of:
tive areas, road- 27,284 ha (218,000 ‘es)
less area of 2,023 to 7,284 ha 000 to 18,000 acres)
national forest, <2,023 ha (<5,000 's)
Bureau of Land
Management road-
less recreation
area, archae-
ological sites
3. Protected and Location with respect to pro- Include areas outside of known locations of protected and
endangered species tected and endangered species endangered species
4. Biologically Location with respect to bio- Evaluate areas based on ximity to biologically important
important areas logically important areas areas
5. Existing signifi- Location with respect to sig- Include areas outside of pped extent of specialty agri-
cant, specialty, or| nificant, specialty, or incom- culture, irrigated agric ure, incompatible facilities,
incompatible land patible land uses other land uses that are cally limited and regionally
uses significant
6. Potential sig- Location with respect to poten- Evaluate areas with respert to potential future uses. The
nificant or tial future significant or evaluation will focus on  -iculture:
incompatible incompatible land uses A. Potentially irr >le lands
land uses B. Arable soils
C. Marginal soils
C. Submarginal soi
OBJECTIVE: MINIMIZE SYSTEM COSTS
1. Site prepara- a. _rrain ruggedness Subjective evaluation for terrain characteristics (i.e.,
tion (surface) slope >15%, relief and d :e of dissection)

b. Usable land area Evaluate available land area for dominant site-preparation
costs, slope, local relief degree of dissection, size of
area, location and juxta; ition of relatively level areas,
water supply, access, anu amount of excavation and fill
nacessary to fit 971 ha (2,400 acres) of surface facilities

2. Site . Mining and excavation costs Evaluate areas on basis of thickness of overburden, depth of
preparation shafts, host-rock characteristics, configuration and length
(subsurface) of tunnels (spoil, etc.), icavated volume, water handling,

ventilation, etc.

*Rationale for “setback distances® given in WCC (1980; 1981).






-y

2.3 ENVIRONMENTAL FACTORS

The environmental factors considered in the identification of a ref-
erence repository location and an alternate repository location within the
Hanford Site were also obtained from both existing and pending criteria
and regulations (i.e., NWTS-33(2), NWTS, 1981; 10 CFR 60, NRC, 1981b).
Major categories of factors derived from this review are listed as follows:

e Radiological

e Ecological

e Air quality

e Water quality

"

e / .thetics

e Historic, archaeological, and cultural resources

e Socioeconomic impacts.
Summarized in Table 2-5 is information regarding these categories as it
pertains to site identification. Environmental factors within this sum-
mary table are compared to NWTS-33(2) (NWTS, 1981) criteria in BWIP
(19¢ ). Detailed descriptions of the data base for each of these envi-
ronmental factor categories are contained in Chapters 7, 8, and 9 of this
report and are not repeated here.

A review of the environmental factors listed in Table 2-5 and the
overall siting objectives (Section 2.1.1) served as the basis for the
formulation of considerations, measures, and guidelines. The relation-
ship between these elements is summarized in Table 2-4. The specific

application of the guidelines contained in this table to each step of
the site identification process is presented in Section 2.6.
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from the audience. Public information m

eetings involving siting discus-

sions were also held in Richland, and Seattle, Washington and Portland,

Oregon on August 6, 8, and 9, 1979, res :ctively.

In addition, press

releases have | n | ‘ed at frequent intervals and project personnel

have described the progress of siting studies at a variet
tional meetings held throughout the Pacific Northwest.

Involvement of the technical communit

presentations at professional meetings.

y of organiza-

y has been accomplished through
Such presentations have provided

a direct contact for peer review. In addition, BWIP technical publica-
tions pertinent to the site identification effort have been distributed

through the Technical Information Center, Oak Ridge, Tennessee.
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.6 .CriaON € F.INCIPAL BL....IOLE/
EXPLORATORY SHAFT SITE

With the identification of the A-H site as the reference repository
location, the BWIP undertook an investigation to select the recommended
area within the reference repository location for construction of an
exploratory shaft. To support this decision, six boreholes were drilled
to cate the top of basalt to determine the dip of bedrock throughout
the site. The dip was determined to be less than 1 degree across the
46.7-square-kilometer (18-square-mile) reference repository location.
Composite overlays were also utilized based on selection criteria to
locate the suitable exploratory shaft area. These criteria included
avoidance of previously contaminated areas, distance from A-H peripheral
geologic anomalies, and Hanford Site planned utilization. Following
location of a suitable area, optimization features were utilized to pick
the specific recommended location for a principal borehole and exploratory
shaft. These included proximity to ads, ¢ ‘'vices, and utilities, and
ease of placement of surface facilities. The location selected for a
principal borehole and exploratory shaft is shown in Figure 2-16. The
principal borehole (RRL-2), at the location designated in this figure,
has been cored to a ¢ 1th ~ 1,211 meters (3,973 f. ).
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2.7 IDENTIFICi...ON OF CANDIDATE REPOSITORY HORIZONS

During the feasibility phase of the BWIP, geotechnical and engineer-
ing studies focused on the Umtanum flow as the most promising repository
horizon (Myers/Price et al., 1979; Gephart et al., 1979; Smith et al.,
1979; Myers and Price, 1981). This focus was based on a progressive
accumulation and analysis of technical data starting as early as 1968.

Preliminary investigations into the possibility of using the Hanford
Site as a nuclear waste repository site started in 1968 with reentry of
an abandoned 3,250-meter (10,660-foot) deep exploration well, Rattlesnake
Hills Well No. 1, located near the southwest corner of the Hanford Site.
As a result of this investigation, Raymond and Tillson (1968) identified
four potential repository horizons, which were interpreted on the basis of
geophysical logs to be 1 latively thick, unfractured basalt flows. One of
1 zor v : depth of anmnroxim y 830 s (2,7¢ 4 fo
was later ter the Umtanum flow (/..1CO, 1...,. Another of the zones,
located at a depth of approximately 650 meters (2,132 feet), was later
termed the middle Sentinel Bluffs flow.

In 1969, waste isolation studies continued with - e drilling of
borehole DC-1 within the central Hanford Site. Evaluation of geophysical
data from this borehole resulted in the identification of 10 horizons that
might serve as repository host flows (Isaacson, 1969). One of these hori-
zons was considered to have the most promising characteristics; i.e., high
density, low porosity and permeability, adequate thickness and surface
(Isaacson and Tomlinson, 1969a; 1969b). The name "Umtanum" was given
to this "most promising" borehole DC-1 interval. Ano er promising flow
identified in this evaluation, with similar characteristics to the
Umtanum, was the middle Sentinel Bluffs flow. Studies beginning in 1976
continued to show that the Umtanum flow exhibited promising repository
host rock characteristics--thick, dense interior, lateral continuity, low
porosity and hydraulic conductivity, low structural d , and favorable
waste-rock interaction potential (Myers/Price et al., 1979; Gephart
et al., 1979; Smith et al., 1980).

With the continued recognition that the Umtanum flow appeared to
optimize both thickness and depth (i.e., provide the greatest degree of
radionuclide isolation at an achievable mining depth), the site identifi-
cation study described in Sections 2.1 through 2.5 utilized the Umtanum
flow as the reference horizon. Because of the heavy weighting of the
"lineament" and "thickness" criteria (Table 2-12), the substitution of
a thick Grande Ronde Basalt flow other than the Umtanum as the reference
horizon (e.g., the middle Sentinel Bluffs flow) would not be expected to
alter the results of the previously discussed site identification study.

Over the past year as the BWIP has moved toward construction of an
exploratory shaft, it has become increasingly apparent that the actual
identification of the horizon or flow in which shaft breakout (or repos-
itory construction) would occur should be subject to more rigorous analy-
sis similar to the decision analysis technique utilized to identify the
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flc 5 in bc  10les, particularly where no core is available (e.g., RSH-1,
DC-3; Fig. . .8). Core has been sampled for major element analysis

(Long et al., 1980), trace element analysis (Long et al., 1981), and

pa 2omagnetic analysis (Coe et al., 1978; Beck et al., 1978; Packer and
Petty, 1979; Van Alstine and Gillett, 1981). The positions of contacts
between individual flows, coupled with the data obtained from core anal-
yses, are the basis of correlations of the Grande Ronde Basalt (Long and
Landon, 1981). A more detailed description of analytical methods used in
stratigraphic interpretations is given in Long and Landon (1981) and Long
and Davidson (1981).

3.5.4.1.1 Stratirraphy. Within the Pasco Basin, the Grande Ronde
Basalt consists of morc .han 50 flows extending to a depth of at least
3.2 kilometers (Reidel et al., 1981). The general stratigraphic sub-
divisions and nomenclature of Grande Ronde Basalt are illustrated in
Figure 3-17. Core holes and surface exposures in the vicinity of the
Pasco Basin include the normal (N2) and uppermost reversed (Rp) paleo-
magnetic units (Fig. 3-10). The I -R~ horizon thus provides an impor-
tant stratigraphic horizon within cwne fasco Basin.

In addition to the broad subdivisions based on paleomagnetic polarity,
two major sequences of flows based on bulk chemistry have been recognized
within the Grande Ronde Basalt in the Pasco Basin: ( ) the Schwana
sequence, consisting almost entirely of flows with relatively low-
magnesium content (low-magnesium chemical type) and (2) the Sentinel
Bluffs sequence, consisting entirely of flows with higher magnesium con-
tent (high-magnesium chemical type) (Fig. 3-19). The Schwana sequence
lies stratigraphically below the Sentinel Bluffs flows and contains the
Umtanum flow (Fig. 3-20). The contact between these two sequences is
known as the magnesium horizon (Fig. 3-20). Details of the stratigraphy
of the Schwana and Sentinel Bluffs sequences are given in Long and
Landon (1981).

From borehole data, the Umtanum flow at the reference repository
location is known to lie directly below the magnesium horizon. The
Umtanum flow is recognized on the basis of unusual thickness, major- and
trace-element chemistry, and paleomagnetic inclination. It has distinctly
higher Ti02 content (Long and Landon, 1981, Fig. 4-4) than other low-
magnesium flows in the upper portion of the Schwana sequence; hence, it is
considered a chemical subtype of the low-magnesium chemical tyre.

Thickness variations for the Sentinel Bluffs sequence and for flows
which lie stratigraphically close to the Umtanum flow are discussed in
Long and Landon (1981, Fig. 4-10, 4-11, 4-15, and 4-16). The middle
Sentinel Bluffs flow is found throughout the Pasco Basin. It is thickest
in the central portion and thins slightly to the northeast and more so to
the south (Fig. 3-19). The Umtanum flow is found throughout the Pasco
Basin, but thins to the northeast and is not present in surface sections
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_.1e great majority of fractures in drill core have nar . "apertu "
(1ess than 0.5 millimeter) fil" | with multiple generations of secondary
minerals (see Section 6.1). Information from fracture logging of drill
cores was used to calculate the volume percent of fracture openings
(filled or unfilled) in the core. The total volume percent of all frac-
tures is less than 0.4 volume percent. The volume of unfilled fractures
ranges from 0.025 to 0.059 volume percent. These results suggest that the
volume of unfilled fractures, particularly in the dense interior of Grande
Ronde flows, is small, and thus the total fracture porosity of these rocks
is comparably small. Hydrologic testing of such zones is required to
assess their hydraulic conductivity.

3.5.4.1.5 Lithology at the Reference Repository Locatinnr  Mineralogy,
fracture abundance, degree of fracture filling, characteristic fracture
patterns, and character of flow-top breccias in the reference repository
location are all expected to be similar to those features in Grande Ronde
Basalt (Long and Davidson, 1981), except for a predicted lack of asso-
ciated pillow zones and associated palagonite. Additional exploratory
drilling will be required to confirm this prediction.

For the middle Sentinel Bluffs flow, isopachs of the flow top
(Fig. 3-30) and total flow (Fig. 3-19) indicate that, within the reference
repository location, the flow top is less than 6 meters in thickness and
that the total flow is greater than 76 meters in thickness. Surface expo-
sures and boreholes show that the flow top of the middle Sentinel Bluffs
f w is relatively constant throughout the Pasco Basin and does not exceed
12 meters.

The interior of the middle Sentinel Bluffs fiow is expected to con-
sist of repeated tiers of entablature and colonnade. Entablature sections
will be relatively fine-grained basalt with abundant mesostasis, whereas
the colonnade sections will be medium-grained basalt with relatively Tow
mesostasis (Long and Davidson, 1981, Fig. 5-26). These tiers are not
anticipated to impact long-term repository performance, except that slight
differences in sorption may occur between entablature and colonnade.
Slight differences in the rock machanics characteristics of entablat ire
and colonnade may also exist (see Chapter 4).

A vesicular zone occurs in the upper third of the middle Sentine!
Bluffs flow. This zone consists of abundant vesicles in otherwise intact
basalt and is traceable from one borehole to another (see Fig. 3-22, 3-23,
and 3-24). Cooling joints pass through this zone uninterrupted and ves-
icles do not appear to be interconnected. Within the reference repository
location, there is adequate thickness below the vesicular zone for repos-
itory construction. Indeed, the vesicular zone may serve as a guide for
positioning of the repository tunnels; short boreholes could be drilled
upward to intersect the vesicular zone as a marker horizon. This would
avoid penetration of the flow top or bottom.
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Fri “ires in the middle Sentinel Bluffs flow are expected to be
filled v 1 sc n iry minerals. As with any basalt f1 v, ther is the
possibility of encountering areas of vesiculation and/or brecciation
associated with the intersection of two emplacement )bes. Available
data on the middle Sentinel Bluffs flow suggests that the probability of
such occurrences is very low.

For the Umtanum flow itself, isopachs of the flow top (Fig. 3-31) and
total flow suggest that the flow top in the reference repository location
ranges from 17 meters thick to at least 45 meters th :k. Recently
obtained borehole data (RRL-2) indicate that localized increase or
decrease in the flow-top thickness and related fanning joints occurs in
the Umtanum flow in the reference repository location.

Examination of the Umtanum flow top indicates that it is a quench
breccia that probably formed when the Umtanum flow was emplaced into
relatively deep water. Evidence for such an origin includes rinds of
quenched basaltic alass on breccia clasts and the very fine grain size of
the ' m ‘ow. .1 11 shock and convection resulting from interaction
of the magma with the water apparently brecciated and mixed the outer
carapace of the flow to form the flow top. The implication of this mode
of origin of the Umtanum flow top is that significant differences in flow
top thickness can be expected to occur within the reference repository
location. This is because the exact thickness of breccia is probably
controlled by a combination of variable conditions s :h as eruption rate
of the flow, density of the initially formed breccia, and water depth.

The dense interior portion of the Umtanum flow in the reference
repository location is expected to be dominantly a fine-grained basalt
with abundant mesostasis (Long and Davidson, 1981). Locally, colonnade-
type textures will also occur in the flow interior, possibly in associ-
ation with fanning columns. Fractures are expected to be filled with
secondary minerals. Vesicular zones could locally occur in the flow
interior due to overlapping emplacement lobes. Borehole data and obser-
vations of surface exposures of the Umtanum flow suggest that the prob-
ability of such occurrence is low (less than 15 percent). The flow top of
the Umtanum flow is expected to be similar in character to that described
in Section 3.5.4.1.3.

3.5.4.2 Wanapum Rasalt. The Wanapum Basalt consists of three members in
the Pasco Basin: rrenchman Springs, Roza, and Priest Rapids. The Vantage
interbed, or where absent, a minor saprolite zone, separates this forma-
tion from the underlying Grande Ronde Basalt; the Mabton interbed separates
the Wanapum Basalt from the overlying Saddle Mountains Basalt (Fig. 3-17).
Wanapum Basalt is thickest (about 350 meters) in the central area of the
Cold Creek syncline. It thins from west to east and over the Rattlesnake
Mountain and Umtanum Ridge-Gable Mountain structures. A detailed dis-
cussion of Wanapum Basalt members within the Pasco Basin and Cold Creek
syncline is given in Myers/Price et al. (1979) and Reidel and Fecht (1981).
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A tion processes for both sediments and basalts at the reference
re, Jsi " :ation thus app:¢ ‘'ntly tend to decrease the permeabil r of
the rocks involved. Local increases in permeability due to dissolution of
fracture fillings or cements cannot be entirely ruled out, but the inher-
ent instability of phases undergoing alteration relative to the phase
being formed suggest that dissolution of alteration and cementation pro-
ducts will not be volumetrically significant.

3.5.6 Status

The general stratigraphic setting of the Pasco Basin and Cold Creek
syncline is well understood, and there are no currently known strati-
graphic or lithologic factors that would preclude the siting of a repos-
itory in one of two candidate horizons within the reference repository
location. Additional detailed stratigraphic and lithologic investigations
are required to adequately assess the candidate repository horizons and
surt Inding strata within the reference repository location and to refine
the strat' _-aphy of the Ringold and Hanford Formations to determine more
precise s the late-Miocene to Holocene deformation rate. These studies
are further detailed in Chapter 13.
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Se’ 1iic-reflection anomalies identified in preliminary interpre-
tatic ; made by Seismograph Services Corporation are shown in Fig-
ure 3-33. Seismograph Services Corporation established several criteria
for anomaly detection, such as severe and radical character changes,
rei action-time offsets, rapid changes in reflector dip, reflection
discontinuities, and apparent diffraction patterns. A1l Seismograph
Services Corporation anomalies were considered in delineating potential
repository sites during the site-identification process (see Chapter 2).

Using additional geophysical and geologic information, the BWIP
qualitatively classified the anomalies identified by Seismograph Services
Corporation into general categories (Fig. 3-33) ranging from a "real"
bedrock or geologic structure to a data-processing phenomenon (Holmes and
Mitchell, 1981). Many anomalies identified appear to be related to near-
surface phenomena. A more detailed quantitative assessment of the seismic
reflection data is planned for future work (Chapter 13). Interpretations
of seismic-reflection-survey data were used to prepare the top-of-basalt
map contained in Section 3.7.2.3.2.

3.6.2 Magnetics

Aeromagnetic and ground-magnetic surveys have been used on the
Columbia Plateau to support structural studies. Due to the relative
ease of data collection for the aeromagnetic survey, this exploration
technique has received wider use than the ground method. Aeromagnetic
surveys in the plateau were primarily designed to explore structures
within the youngest units of the basalt sequence and, thus, are pre-
dominantly low-level surveys. Ground-magnetic studies have been used
to provide ‘:tailed studies of small-scale geologic structures that are
not easily detected by aerial surveys and to further define aeromagnetic
anomalies. Interpreted sources of aeromagnetic anomalies include
(1) structurally controlled topography (e.g., anticlines), (2) basalt
dikes, (3) faults, and (4) valley-filling basalt flows.

3.6.2.1 Aeromagnetic Surveys. Ten aeromagnetic surveys have been per-
formed over parts of the Columbia Plateau (Fig. 3-34). Parameters for
these surveys are tabulated in Table 3-2. Three of these surveys (H, E,
and C, Fig. 3-26) are regional, while the remaining surveys were designed
to investigate localized areas of the plateau. In addition, the compi-
lation survey map of Idaho (USGS, 1978) covers parts of the eastern
Columbia Plateau.

Regional survey H (Fig. 3-34 and Table 3-2) was designed to inves-
tigate very large regional sturctures. Along the western margin of the
plateau, mapped structures in the basalt correspond, in places, with
magnetic trends; these trends continue eastward beyond recognized defor-
mation in the basalts. Swanson (in Zietz et al., 197 ) suggested this may
be evidence of locally reactivated basement structures which deformed the
western margin of the plateau.
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Based on data that was used to compile the top-of-basalt map, Myers
(1981) divided the western Cold Creek syncline (i.e., the area of t ref-
erence repository location), into five (I through V) large, relatively
intact volumes of bedrock whose boundar ; are defined by the known or
potential s ictures identified in . igure 3-52.

The reference repository location lies within intact bedrock volume I
(Fig. 3-52), in which six aeromagnetic anomalies have been identified by
Werner deconvolution solutions (Holmes and Mitchell, 1981, Fig. B-11 and
B-12). Becau : these solutions might correspond to bedrock structures,
they were conservatively interpreted as such and used to further subdivide
intact bedrock volume I into smaller volumes designated Ia through Ig.

The reference repository location is almost entirely within la, Ib, and
Id; the Cold Creek Valley depression is almost entirely within Ia and Ib.
Overall, the central and eastern parts of the Cold Creek Valley depression
appear to be free of bedrock structures compared with other parts of the
Cold Cr : syncline and the Hanford Site. G logic structure of the
basalt within 1is area is interpreted as be j nearly flat lying with
very gentle dips toward the trough of the Coid Creek syncline and with

a slight st ird component of dip toward the deepest point of the Cold
Creek Valley depression.

Structural analysis of the Yakima fold structures (Price, 1982) shows
that any dipping basalt might be expected to contain small breccia zones
or faults. Within the Cold Creek syncline, discrete shear zones or faults
a few centimeters to 1 meter wide may be present (Fig. 3-53). Brecciation
is a dilational process that would locally increase the permeability and
porosity until the breccia is sealed with a precipitated cement. Although
most individual fault breccias noted in boreholes within the Pasco Basin
have not been tested hydrologically, some hydrologic test intervals have
included some small faults as part of a large composite test (Moak, 198la).
Recently, a tectonic breccia in the Frenchman Springs Member in RRL-6 was
tested. The results of these tests are discussed in Section 5.1.3.3.

Futui studies will include the determination of the properties of breccia
zones for input to hydrological models (Chapter 13).

3.7.2.4 Join*tinn Histewv, Major joints in the Columbia Plateau have been
analyzed usinyg uv-c high-aititude photographs (Sandness et al., 1981; Sec-
tion 3.6.6). Linear features in basalt are identified only as "probable"
joints, as image analysis could not be used to distinguish between tec-
tonic and primary joints. Northwest- and northeast-trending joints were
observed to occur principally in the eastern portion of the plateau in
areas where loess has been stripped by catastrophic floods. The loess-
covered parts of the Columbia Plateau have few lineaments classified as
joints, but this was attributed more to the result of cover than to their
absence (Sandness et al., 1981). The age and major characteristics other
than orientation are not generally known for the areally identified joints.
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TABLE 3-10. Fe]ta and Recordedb Earthquakes 1ithin the Columbia Plateau
and Surrounding Area Through 1980. (! eet 2 of 3)

Date Year Time ;g;ﬁ?::gz‘ Coordinates ng;;:gg/
26 Sep. | 1934 | 21:15 v 47.0° N. 120.54 Ellensburg, Washington
19 Oct. | 1934 | 23:311.t. v 47.0° N. 120.54 Ellensburg, Washington
01 Nov. | 1934 | 07:28 v 47.0° N. 120.54 Ellensburg, Washington
02 Nov. | 1934 | 15:171.t. | v 47.0° N. | 120.54 Ellensburg, Washington
09 Jul. | 1935 | 22:45 v 47.7° N. | 120.0° Chelan Falls, Washington
12 Oct. | 1935 | 01:03 v 47.66° N. | 120.22 Entiat, Washington
16 Jul. | 1936 | 07:07:49:0{ VII 6.1ML 46.21° N. | 118.23 Milton-Freewater, Oregon

(WCC Relocated)

18 Jul. | 1936 | 16:30 v 45.93% N. | 118.38 Milton-Freewater, Oregon
04 Aug. | 1936 | 09:19 v 44.8° N 118.6° Helix, Oregon
28 Aug. | 1936 | 04:39 v 45.93% N, | 118.38 Milton-Freewater, Oregon
29 Nov. | 1939 | 09:15 v 47.7° N. | 120.0° Chelan Falls, Washington
07 Apr. | 1941 | 09:25 VI 4.5ML 48.3° N. 119.6° Mazama, Washington (Okanogan)
23 Feb. | 1942 | 14:03 v 47.6° N. | 120.2° Wenatchee-Chelan Falls, Washington
12 Jun. | 1942 | 09:30 ] 44.9° N, | 117.1° Halfway and Pine, Oregon
24 Apr. 1943 | 00:10:46.0{ VI 47.3° N. 120.6° Leavenworth, Washington
31 Oct.| 1944 | 11.34:28.7| V 47.8° N, 120.6° Entiat, Washington
04 Jan.| 1945 ] 02:34:48.7| V 47.7° n. 120.2° W Entiat, Washingston
13 Jan. | 1948 | 06:55:00.0| V 47.9° N. ! 120.3° W Lucerne, Waterville, Washington
28 Aug. | 1948 | 22:25 VI-v 47.8° N. 117.25° W. | Deer Park, Denison, Washington
15 Mar. | 1949 | 20:53:11.0 a.8M | 45.5° N. | 117.0° Joseph, Oregon
04 Jan.| 1951 | 13:45.00.0{ V 47.7° N. | 120.0° Chelan-Waterville, Washington
07 Jan. | 1951 | 22:45:00.0| Vv 45.9° . 119.2° McNary, Oregon
04 Mar. | 1952 | 19:42:00.0] V 47.67° N,  117.40 Spokane, Washington
23 May 1954  13:41:42.0| vV 48.34° N. | 120.14 Twisp, Winthrop, Washington
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strain in tI Miocene, penecontemporaneously with extrusion of basalt from
essentially north-south linear vent systems in the eastern plateau. Once
established, deformation at a low rate of strain appears to have continued
under nearly north-south, nearly horizontal compression along folds and
faults developed early in the deformation process. The rate and chronol-
ogy of deformation remain to be confirmed, but preliminary interpretations
indicate that the site meets the criteria for tectonic stability.

His® *ic data indicate that the reference repository location is
an ar 1| of relatively low seismicity. Microearthquake activity is largely
shallow, confined to a crust of 30-kilometer thickness, and is charac-
terized by swarms of low-magnitude earthquakes that occur in and below
basalt. Focal mechanisms of individual and composite shallow and deep
events indicate reverse faulting along nearly east-west planes under
nearly horizontal, nearly north-south compression.

Tt " itial for renewal of basaltic volcanism similar to the
Columbia Kiver basalt fissure eruptions is extremely low. Effects of
volcanism fi sources in the Cascac ; and the Northern Basin a ' Range
are minimal 1 of very low probability.
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¢. the behavior must be defined. The most useful parameters are the peak
and residual angles of joint friction, which describe the shear strength
of the joint as a function of applied stresses, the cohesion, and the
"stiffness" of the joint, or its stress-displacement characteristics.
These parameters are obtained from direct shear or triaxial shear tests on
jointed specimens. Some triaxial testing has been conducted on jointed
samples of Umtanum basalt as a means of assessing the effect of jointing
on a laboratory scale. Samples tested in this series often contained more
than one joint or fracture. Results showed a substantially reduced coef-
ficient of internal friction for the jointed samples, but the joints were
randomly oriented and no clear inference can be made about characteristics
of the joints themselves.

In another series of tests, Umtanum samples containing only one
obvious joint were tested in triaxial compression to measure the fric-

tional cl aristics of the joints as a function of stress levels
to 34.5 1 scals (5,000 pounds | ' squar inch), tempe itures to
I00C, ar._ ._.sture conditions. Samples selected were those with

critically oriented joints, such that failure would occur through the
joint. One group of samples was tested at room temperature (200C).

The samples were initially subjected to a constant confining stress of
6.9 megapascals (1,000 pounds per square inch), then to an increasing
axial Toad until the peak stress level was observed. The confining
pressure was then increased to the next increment and the axial load
resumed until a peak stress was again observed. This process was then
repeated for the same sample at the remaining confining stress incre-
ments. At each value of peak stress, the actual shear and normal stress
on the joint were calculated and used to obtain the coefficient of fric-
tion (i.e., shear stress divided by normal stress). The results of this
test series are shown in Table 4-6.

A second group of single-jointed samples was tested at temperatures
up to 5000C. Each sample was subjected to a low confining stress of
0.7 megapascal 100 pounds per square inch), then to an increasing axial
loa wuntil the peak stress level was observed. The sample was then heated
to progressively higher temperatures, with axial loa again applied at the
same confining stress for each temperature increment. The joint coeffi-
cient of friction was calculated, as indicated previ :sly, and the results
are presented in Table 4-7.

Results indicate that the friction angle for the joints is in the
same range as the angle of internal friction determined from triaxial
tests on intact samples (see Table 4-2). This trend seemed to be affected
only slightly by higher temperatures and moisture conditions. However,
the use of a single sample for multiple tests resulted in a polishing
effect, and in many cases a corresponding reduction in friction coeffi-
cient with additional loading cycles. Distinction between the effects of
polishing and those of stress level and temperature was therefore not
entirely straightforward.
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Time effects (creep) on the behavior of joints could be extremely
important, especially in the presence of high temperatures and significant
infilling material. Creep tests on joints are currently being conducted
to preview any tendency of jointed Pomona and Umtanum samples to undergo
significant time-dependent deformation. Similar efforts to determine
creep characteristics of a heated basalt rock mass m .t be made in situ
(see Chapter 14).

Limited information on jointing in the Umtanum d middle Sentinel
Bluffs flows has been obtained from studies of outcroppings and borehole
samples. Additional information is needed on the nature of vertical
joints within these candidate repository horizons.

A full complement of mechanical behavior tests st be undertaken in
the laboratory and the field to provide joint strength and deformability
parameters. :

4.3.4 Summary

o of tI inf 7 " in th” R T TR
ical . __._. . es of the rock discontinuities leads to the foliowing
conclusions:

(1) Core logging and visual examination of outcrops have provided
information on the nature of jointing in Grande Ronde Basalts
in general. Site-specific information on the horizontal char-
acter of vertical joint systems and on the characteristics of
the joints themselves (aperture, roughness, etc.) is required.
Access to the candidate horizons from the exploratory shaft can
provide this information.

(2) Results from a limited number of joint shear tests conducted on
Umtanum samples from all flow zones under triaxial stress condi-
tions indicate that joint peak friction angles are in the same
range as friction angles obtained for intact samples. Prelimi-
nary indications are that the joint friction coefficients at low
stress levels are not substantially affected by temperatures up
to 5000C. These conclusions must be considered tentative in
view of the small sample population and limitations of the test
technique.

(3) A thorough knowledge of joint strength parameters (peak and
residual friction angles, cohesion) and joint stiffness values
as a function of temperature and moisture conditions must be
obtained through laboratory and field testing. This information
will be used in n ierical models to examine the stability of
repository tunnels.

(4) Time-dependent effects on joint strength and deformability must

be determined, especially at elevated temperatures. Initial
work in this area is now in progress.
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TABLE 4-9.

N
a o
e
o
3 Y

i

The al Properties of

. ord Site Basalts.

Grande Ronde Basalt

Pomona Member of the
Saddle Mountains Bas

Property Umtanum flow Middle Sentin B s flow
Range Mean Range qan Range Mean

Thermal
diffusivity
(me/s) E-07 4.0 - 9.0 5.22 7.18 8 500C 4.5 - 8.0 6.1
Thermal
conductivity (W/moK) 1.25 - 2.50 2.16+(0.78 E-03)T* 1.34 - 1.86 1.60+0.21 @ 60°C 1.10 - 2.4 1.91+(1.56 E- *
Specific heat |
(kJ/kgOK) 0.820 - 1.160 0.930+(234 £-03 0.791 - 0.937 | 0.762 .81 E-03)T* 0.750 - 1.250 0.838+(0.513 E-03)T*
Thermal expansion
coefficient
(cm/cmOK) E-06 6.21 - 10.77 l 8.81+1.78 5.78 - 6.56 6.17¢0 5 5.0 - 8.5 5.52+0.56

*T = Temperature (°C): 20° to 350°C




iermomechanical properties are those parameters that describe the
mechanical response produced by increasing temperature and are discussed
in this section only. The coefficient of thermal expansion is a true
thermomechanical | perty.

A11 the data presented in this section are from laboratory tests on
core from the entablature portion of the respective flow or formation.
As indicated in Table 4-10, these tests have been performed according to
either American Society for Testing and Materials techniques or those gen-
erally accepted or referenced.

TABLE 4-10. Thermal Property Tests.

Test Procedure
Tl mal insi | [ (1' lb)
Thermal conductivity ASTM-C-518 (ASTM, 1976b)
Specific heat ASTM-C-351 (ASTM, 1973)
Thermal diffusivity Danielson and Sidles (1969)

A comparison of data in Tables 4-8 and 4-9 indicates that the current
mean thermal property values are generally within the ranges established
for the repository conceptual design. Thermal diffusivity and the coef-
ficient of thermal expansion were found to be constant over the investi-
gated temperature range of 209 to 3000C. The variability found in the
range of values for thermal diffusivity is partially related to the method
by which the value was derived. This value may be directly measured
experimentally or it may be calculated using other measured parameters.
Thus, any variability in the other measured parameters, such as thermal
conductivity or specific heat, will lead to an even larger range of
calculated values for thermal diffusivity. The statistical variations
seen in both experimental and calculated values are weighted to arrive at
the mean value listed in Table 4-9.

A conservative value for the coefficient of thermal expansion of
19 E-06 centimeters per centimeter degree kelvin was recommended for use by
Schmidt et al. (1980). Comparison of the means of all the basalts tested
indicates that probable textural or compositional differences between
basalt samples do yield slightly differing results.

Thermal conductivity and specific heat were found to increase linearly
with increasing temperature in the range of 200 to 3000C. Other workers
have found that for many materials these thermal properties are related
nonlinearly to temperature (Goldsmith et al., 1961). In the present work,
however, measurements were made at only three or four temperatures, so use
of a nonlinear curve fit was unjustified. Large-scale in situ heater
tests have shown that the thermal conductivity of a basalt rock mass
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4.5.2 Fn11-C~21a Uaster Tests

Two full-scale electric hei :r tests are i intly under way in the

Pomona basalt (Hocking et al., ..30) at the Ne irface it . acility.

ater Test No. 1 consists of a central full-size canister of electric
heaters surrounded by eight peripheral electric heaters (not in canis-
ters). Heater Test No. 2 consists of a single full-size canister of elec-
tric I 1ters. 7 e tests have been operated at varic s power levels
representing the range of expected and extreme (not e. ected) repository
conditions. Plan views of Heater Tests No. 1 and 2, including heater
and instrumentation locations, are shown in Figures 4-8 and 4-9, respec-
tively. The canister-heating schedules are presented in Figures 4-10
and 4-11.

These full-scale heater tests were designed to provide a data base of
temperature, displacement, and stress information for basalt under ther-
mally loaded conditions. They also provide the opportunity to model the
rock response and compare actual and predictive results. Evaluation of
the tests, which were started in July 1980, is currently under way and
final analysis is not yet available.

A preliminary analysis, based on 270 days of operating data,
allows some conclusions to be drawn as to the homogeneity, variability
with direction, and relative magnitudes of the thermal properties of the
basalt. An evaluation of temperatures, taken in horizontal planes through
the test area, shows that the thermal properties are isotropic in a hori-
zontal plane. Temperatures are similar at instruments located at approxi-
mately the same radius. A typical radial distribution of both predicted
and measured temperatures is shown in Figure 4-12.

It is more difficult to determine from the test data whether the
thermal properties for heat conduction in a vertical direction are the
same as those in a horizontal direction, because the shape of the heater
and the boundary conditions destroy the symmetry required for a simple
comparison. Predic ive modeling was done, assuming that thermal prop-
erties were isotropic. The actual test data followed the general shape
of the predicted thermal contours, which indicates that the thermal
properties of basalt are not greatly different in the vertical and
horizontal directions. More specific information about this question
will be acquired during the jointed block test.

The predicted temperatures, as originally modeled, consistently
overestimated by 20 percent the :tual rock temperature at the various
instrument locations. Upc :ed laboratory tests have shown that a value
for thermal conductivity of 1.9 watts per meter degree kelvin may be more
appropriate than the original value of 1.4 watts per meter degree centi-
grade. Additionally, heat energy was lost from the rock, since some water
in the test area escaped as vapor and steam. When these two factors were
consider | in an upgraded model (Fig. 4-13 and 4-14), agreement between
actual and predicted thermal response was within approximately 10 percent.
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Thermocouples and extensometers have functioned well at all
temperatures in full-scale tests conducted to date. Borehole
deformation gauges (U.S. Bureau of Mines type) and vibrating-
wire ‘e« 1el ‘s generally perforr-1 111 at room temperat
but became erratic or failed completely at high temperatures.

Efforts to improve the reliability of instrumentation must
continue.

.
’y
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As a result of the stress measurement in borehole DC-12, the func-
tional design criteria (BWIP and KE/PB, 1982) were changed from a 1:1 to
a 2:1 stress ratio. Additionally, consideration was given to chang g the
shape of the tunnel to that of a horizontally elongated horseshoe.

Sco ng calculations based on empirical methods and two- and three-
dimensional numerical modeling studies indicate that 1e in situ stress and
the rock mass strength at the candidate repository horizons will not pose a
major problem to repository contribution.

The Basalt Waste Isolation Project is continuing its efforts to
esta 'ish a mov extensive and reliable data base for repository design.
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permeability in the vicinity of the excavation. There is no existing
experience with which to evaluate the performance of the room-scale rock
mass and rock supports under expected repository thermal loads. Test

I Is int s a 1 will 1 1ire further assessment.

4.8.4 Summary

A review of the excavation characteristics of basalt presented in
this section leads to the conclusion that there is limited excavation
experience in basalt of characteristics similar to the candidate horizons
at the potential repository depths. An assessment of various excavation
techniques will be completed prior to final design.
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4.9 SUMMARY OF UNRESOLVED ISSUES

A comprehensive evaluation of the current geoen neering test program
an results has identified issues related to site characterization, repos-
itory design and construction, and performance assessment, which need
resolution in order to complete the development of a nuclear waste reposi-

tory in basalt. These issues are identified in Chapter 14 together with
the plans for their resolution.
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organizations that have been or are involved in the hydrologic testing

effort are listed in Table 5-1 along with a brief identification of work

acc lished and the boreholes and strata tested. In examining this

tat it is seen that hydrologic characterization at the Hanford Site

has intensified significantly since 1978. The locations and basalt

horizons wher this testing has taken place are shown in Figure 5-2

(a, b, c). Descriptions for most of these boreholes may be found within
rers/Price et al. (1979). Hydrologic tests are now (September 1982)

being con icted in two new boreholes (RRL-6 and -14) sited in the refer-

ence repository location. Borehole RRL-14 is not located on Figure 5-2

because hydrologic data are yet unavailable for inclusion in this

report. However, for general reference, borehole RRL-14 is located

3 kilameters northwest of borehole RRL-2.

5.1.2 Rock 'Mmits

Roc 1 its that occur \ :hin the Columbia Plateau include the for-
mations of the Columbia River Basalt Group and surficial sedimentary
deposits. Within the Pasco Basin, the surficial dep :its include sedi-
ments of the Hanford and Ringold Formations. Formations of the Columbia
River Basalt Group that crop out in the Pasco Basin include the Saddle
Mountains, Wanapum, and Grande Ronde Basalts. General information con-
cerning the areal extent and thickness of these formations is presented
in Table 5-2. The stratigraphy and lithology of these formation are dis-
cussed in Chapter 3. The following hydrogeologic descriptions of these
units pertain primarily to the Pasco Basin.

5.1.2.1 Hanford and Ringold Formations. The Hanford and Ringold Forma-

tions are found extensively within the low-lying areas of the Pasco Basin.

Groundwater within the Hanford and Ringold Formations exists under uncon-
fined aquifer conditions, except where locally semiconfined in the lower

portion of the Ringold Formation. The thickness of the unconfined aquifer

at the Hanford Site ranges from O to over 60 meters. The base of this
aquifer is defined by either the silt and clay sediment characteristic of
the lower portion of the Ringold Formation or the upper surface of the
underlying Columbia River basalt.

Hydrogeologically, the unconfined aquifer is strongly influenced by
the presence of the middle portion of the Ringold Formation, which is
composed of well-sorted sands and gravels under varying degrees of cemen-
tation (Gephart et al., 1979a). The degree of induration and thickness
has a direct bearing on the hydraulic characteristics of this aquifer.

The transmissivity and equ1va1ent hgdrau11c conductivity of the uncon-
fined aquifer range from 10-3 to 10

10-2 meters per second, respectively. Storativity values of 10-2 to 10-
fall within the range commonly cited for unconfined systems (Heath and
Trainer, 1968).
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‘1. Prir Tpal

‘oups Involved in ~

(1t Hyd: logic Testing.

Date Group Borehole* Work accomplished Bas. . formation
1968 Raymond and Tillson (1968}, RSH-1 7 drill stem tests, Grande Ronde
Battelle, Pacific Northwest 7 head measurements
Laboratories
1969 LaSala and Doty (1971), 0C-1 4 pumping tests, Saddle Mountains,
U.S. Geological Survey 11 fluid injection and Wanapum, and
withdrawal tests, Grande Ronde
22 head measurements,
water samples
1977 Gephart et al. (1979b), RSH-1 7 withdrawal and Grande Ronde
Rockwe 11 Hanford Operations injection tests,
water. samples
1978 SAI (1978), DC-2 6 injection tests, Grande Ronde
Science Applications, Inc. 2 head measurements
1978 Apps et al. (1979), Dc-2 6 head measurements, Grande Ronde
Lawrence Berkeley Laboratory 1 water sample
DC-6 head me rements, Gra Ronde
12 flow tests,
1 water sample
DC-8 4 head measurements Wanapum
1978 W. K. Summers and Associates 8 springs 8 water samples Saddle Mountains
and Wanapum
1978-79 Rockwell Hanford Operations pB-1, -2, -4, 20 head measurements, Saddle Mountains
-5, =7, =9, 12 pump tests, and Wanapum
-10, -11, -12, 10 water samples
-13, -14;
DH-8; and
WPPSS-3
4 irrigation 4 head measurements, Wanapum
wells in 1 pump test,
Cold Creek 4 water samples
Valley area
1980-82 Rockwe 11 Hanford Operations pB-1, -2, -4, Approximately 145 sep- Saddle Mountains,

-5, -7, -9,
-10, -11, -12,
-13, -14, -15;
oc-3, -6, -7,
-8, -12, -14,
-15, -16A;
DH-8; 699-S11-
E12A; BH-16;
RRL-2, -6;
47-50, 50-45,
50-48, 51-46,
52-46, 52-48,
53-50; 4 irri-
gation wells;
and 15 springs

arate intervals in

the noted boreholes
have had constant
discharge, constant
drawdown, displace-
ment, constant head
injection tests, water
samples, and/or head
measurements made.

Wanapum, and
Grande Ronde

*Boreholes in which hydrologic tests have been conducted.
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vertically along these zones to a larger extent than in geologically non-
disturbed areas. Synclines are broad, open features having undergone
little struc’ iral disturbance. Thus, they should contain less secondary
fracturir and less vertical groundwa’ ' * ~"ar- ( pared to anticlines.
Overall, groundwater moves from areas of recharge to discharge.
Recharge areas are usually basalt outcrops surroundin the Pasco Basin
or in other basins of the Columbia Plateau where basalts lie at or near
ground surface. Groundwater then moves down a hydraulic gradient to dis-
charge into either an overlying aquifer or into a surface water body.

Along this flow path, confined groundwaters are ider artesian heads.
This means that water from a specific stratigraphic horizon will rise in
a well to some given elevation above that horizon. If this water level
is above the ground surface, the well is said to be under flowing artesian
conditions. Artesian conditions exist in most of the confined aquifers
beneath the Pasco Basin. Areas of artesian flowing wells are known to
exist in the Cold Creek Valley (e.g., Ford, 0'Brian, Enyeart, and McGee
wells) and along the Columbia River (e.g., in borehole DC-6 and portions
of DC-14 and -15).

5.1.3 Hydrologic Characteristics

Data available for the characterization of hydraulic properties for
individual geologic fc 1itions are primarily limited to tests conducted
within the Hanford Site. Most data available outside the Hanford Site are
generally for specific capacity tests of short duration and for shallow
irrigation wells (i.e., less than 300 meters deep) completed in multiple
contributing zones (Gephart et al., 1979a; Tanaka et al., 1979).

Many of the values of hydrologic properties presented in this section
are given to the nearest order of magnitude. More specific numbers will
be written into the literature once peer review and full documentation of
all test results are completed.

5.1.3.1 Hydrologic Test Methnds. Several types of standard hydrologic
tests are used for the in >iwu characterization of hydraulic properties

on the Hanford Site. These include constant discharge, constant drawdown,
displacement, constant-head injection, water potential, and tracer tests.
Generally, these tests employ single- or straddle-packer systems and are
used to obtain field estimates of transmissivity, equivalent hydraulic
conductivity, storativity, effective porosity, and dispersivity.

The majority of the hydrologic property and hydrochemical data con-
tained within this chapter has been collected since 1978 by the staff of
the BWIP. A brief description is given below of the collection methodol-
ogy and testing approach used.
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The objective of the hydrologic field-testing program is to provide
data for characterization of those groundwater systems within the Hanford
Site and surrounding area significant to understanding waste isolation.
This effort is directed toward characterizing the areal and vertical dis-
tributions of hydrauic head, hydraulic properties, and hydrochemistry. A
preliminary understanding of these data is contained within this chapter.
Data obtained from these studies provide input for numerical modeling of
groundwater flow and solute transport as discussed in Chapter 12.

The program of data collection and analysis necessary to complete
site characterization is specified in Chapter 13.

To date, hydrologic testing has concentrated on characterizing
the n ‘e permeable interbeds and basalt flow tops to depths of about
1,500 meters. The diameter of test boreholes range from 8 to 10 centi-

meters for cored holes ar? — *- " - © * rotary holes. Sin-
and 1T } 1 it m . The
Ne=y . SL_ . _ 1. mme= v wws wnvies Where testing is done

on a progre551ve drill-and-test basis. This packer arrangement consists
of a pneumatic or mechanical packer attached to steel tubing of sufficient
di eter to install a small-diameter submersible pump or air line.

The surface recording equipment used to monitor fluid responses in
the isolated interval as well as in the annulus includes surface quartz
pressure transducers and surface data recording equipment capable of
recording temperature and pressure measurements at intervals of more than
one reading per second.

Other water-level-monitoring equipment that is used in conjunction
with the electronic recording equipment includes electronic water-level
indicators, chalked steel tape, and continuous float recorders.

A straddle-packer system has frequently been used to test antici-
pated high- and low-permeability zones across open intervals after com-
pletion of a borehole. This system consists of downhole probes capable
of measuring temperatures and pressures above, in between, and below the
straddled interval. These data are transmitted via a single-conductor
cable to surface electronic equipment for printing and recording. The
surface equipment is capable of monitoring downhole pressure responses
every 0.5 second and at sample rates of 0.5 second to 1 hour. Major com-
ponents of the downhole equipment are:

e Packers--The packers are water inflatable and about 1 meter long.

e Sensor carrier--The carrier is located above the top packer. It
houses three quartz pressure transducers and thermistors. These
probes are capable of measuring pressures and temperatures
above, below, and within the straddled interval. Steel tape and
electric water-level measurements are used to obtain hydrologic
heads and to calibrate downhole pressure readings.
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Equivalent Hydraulic Conductivity Values for Test

Intervals Across Interbeds and Flow Tops in Borehole DB-13.
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TABLE 5-11. Rant in Concentration and
Mean Composition of Major Chemical
Constituents Within Groundwater of

the Columbia River Basalt Group.

. Range Mean
ConSt1tuent (mg/l—)* (mg/L)*
Anions
lkalinity,
as HCOj3 72 - 297 50
c1” 0.5 - 56 12
5052 0.2 - 95 21
NO3 0.01 - 18 2.3
| ' =1 - 3.9 0.°"
Cations
Na* 7.8 - 80 34
K* 0.1 - 38 6.5
Ca*t2 2.1 - 64 21
Mg+2 0.2 - 24 10
Si07 30 - 83 55
Total dissolved
solids 154 - 510 325

*Based on 83 hydrochemical analyses.

- 5.1.5.1 Unconfined Aquifer. Although numerous partial chemical analyses
are available for groundwater within the unconfined aquifer, complete
major inorganic determinations are limited to samples collected by the
U.S. Geological Survey and the Pacific Northwest Laboratory at Hanford.
Complete chemical analyses are available for 102 individual well samples
collected at Hanford between the years 1974 and 1980. The analytical
results are reported in annual documents by Pacific Northwest Laboratory:
Raymond et al. (1976), Myers et al. (1976; 1977), Myers (1978), Eddy
(1979), and Eddy and Wilbur (1980; 1981). Hydrochemical data presented in
this section include only those chemical analyses which have an acceptable
ionic balance (i.e., (X anions - T cations)/C cations <+5 percent).
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TABLE 5-12. Range and Median Concen-
trations of Trace Elements for
Groundwater Within Columbia
River Basalt.

Trace Range Median
element (mg/L) (mg/L)
Al <0.010 - 0.010 <0.010
B 0.010 - 0.780 0.070
Cr <0.030 <0.030
Cu <0.001 - 0.050 <0.050
0.0_ - 0.0~

Mn 0.010 - 0.130 0.050
Pb <0.100 <0.100
Sr <0.050 - 0.330 0.060
In <0.010 - 0.080 <0.010

5.1.5.1.1 Major Inorganic Composition. The range in concentration

and mean composition for major chemical constituents within the unconfined
aquifer at the Hanford Site are listed in Table 5-13. Examination of this
table indicates that groundwaters of the unconfined aquifer generally pos-
sess a low total-dissolved-solids content (i.e., less than 350 milligrams
ner liter). Principal chemical constituents are present in the following

minance relationship (by weight): bicarbonate>sulfatezcalcium>silica
>nitrate>sodium>chloride>magnesium>potassium>fluoride.

Although the average chemical composition of unconfined groundwater
is of a calcium bicarbonate chemical type, considerable variability in
chemical composition is evident for individual analyses. The wide range
in concentration and variability evident for major ionic constituents
shown in Table 5-13 is attributable primarily to waste-water disposal at
the Hanford Site (Gephart et al., 1979a).

Of particular interest is the presence of elevated nitrate concentra-
tions within the unconfined aquifer. As discussed previously, nitrate in
the unconfined aquifer is the by-product of past water-disposal practices
at the Hanford Site. Because of its mobility within aquifer systems,
nitrate has been used previously to delineate the migration of waste
plumes (Myers, 1978). The concentration of nitrate and the area within
the unconfined aquifer affected by synthetic ‘:charge at the Hanford Site
is shown in Figure 5-48.
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100, 200, and 300 Areas of the Hanford Site (ERDA, 1975). In localized
areas, unconfined groundwater temperatures as high as 390C have been
easured. In these situations a direct association with synthetic
recharge sources can be established.

pH. The pH within the unconfined aquifer ranges between 7.5 and
10.7, with a mean value of 7.9. Elevated pH values may be attributable
to waste-water-disposal recharge to the unconfined aquifer near the 200
and 300 Areas. The pH in surface waters and shallow groundwater is often
buffered by dissolved carbonate species (Stumm and Morgan, 1981). This
appears to be the controlling factor in the unconfined aquifer at the
Hanford Site.

Fh  The Eh is not currently measured on groundwater samples from
the uncunfined aquifer. A summary of numerous measurements compiled by
aas-Becking et al. (1960) indicates that the Eh values of Hanford uncon-
fined groundwaters (for the pH range reported) are expected to be neutral
slightly r« © Tng.

5.1.5.1.4 Dissolved-Gas Content. No dissolved-gas analyses are
available for unconfined-aquifer groundwater at the Hanford Site. Based
n results for the uppermost confined-aquifer system, dissolved gas
within the unconfined aquifer is expected to be in extremely low concen-
trations and to be predominantly nitrogen.

.1.5.2 Saddle Mountains Basalt. Available hydrochemical analyses for
confined aquifers in the Saddle Mountains Basalt in the Pasco Basin were
summarized by Gephart et al. (1979a). Hydrochemical data reported were

rimarily for groundwater samples collected from the Mabton interbed.
Additional hydrochemical information has since been collected at a number
of borehole sites including multiple sampling zones within the Saddle
Mountains Basalt at four new boreholes (i.e., boreholes DB-15, DC-14,
-15, and -16A.) (Refer to Fig. 5-49 for borehole locations). Ground-
water samples from boreholes DC-16A and RRL-2, located adjacent to and
within the reference repository location, are now being analyzed. All
of these data will be documented in future reports.

Representative hydrochemical data from the Saddle Mountains Basalt
are available for 21 boreholes on the Hanford Site (Table 5-15). To date
45 groundwater samples have been collected from these sites. Locations
that have hydrochemical data for Saddle Mountains Basalt zones are shown

1 Figure 5-49. Boreholes for which data are available for multiple
zones in the Saddle Mountains Basalt include DB-12, -13, -14, -15,
DC-14, -15, and -16A. Boreholes DB-1, -2, -4, -5, -7, and -9 are com-
pleted solely in the Mabton interbed. In addition, seven boreholes are
completed solely in the Rattlesnake Ridge interbed, within the upper
Saddle Mountains Basalt in the vicinity of Gable Mountain Pond.
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T/ [E 5-17. Range and Median Cont¢ itrations of Trace Elen ts for
Groundwater Within Saddle Mountains Basalt at the Hanford Site.

Saddle Mountains Basalt Mabton interbed
Trace (mg/L) (mg/L)
element
Range Median Range Median

Al <0.02 - 2.17 0.14 <0.02 - 2.17 0.31
B <0.005 - 0.539 0.04 <0.005 - 0.539 0.04
Ba <0.005 - 0.265 0.03 <0.005 - 0.065 0.02
Cd <0.005 - 0.007 <0.005 <0.005 - 0.007 <0.005
Co <0.005 - 0.05 <0.005 <0.005 - 0.05 <0.005
Cr <0.005 - 0.08 <0.005 <0.005 - 0.009 <0.005
Cu <0.005 - 0.06 <0.005 <0.005 <0.005
Fe <0.005 - 4.70 0.20 <0.005 - 4.70 0.27
Mn <0.01 - 0.39 0.04 <0.01 - 0.39 <0.01
Mo <0.01 - 0.31 <0.01 <0.01 - 0.11 <0.01
Ni <0.005 - 0.04 <0.005 <0.005 <0.005
Pb <0.005 - 0.34 <0.005 <0.005 <0.005
Sr <0.005 - 0.115 0.06 <0.005 - 0.049 0.02
In <0.005 - 0.11 0.02 <0.005 - 0.09 0.01

As was indicated previously for major inorganic compositions, no sig-
nificant difference in median trace-element concentrations are evident
between Mabton and other Saddie Mountains Basalt groundwater.

5.1.5.2.3 Nonconservative Hydrochemical Parameters.

Fluid Temperature Fluid temperatures for Saddle Mountains Basalt
¢ oundwater measured a. ground surface and downhole are listed in
Table 5-18. Except at extremely shallow depths, surface-determined fluid
temperatures are lower than their downhole counterparts. Downhole mea-
surements are considered to be more representative of formation tempera-
tures. Downhole measurements also allow groundwater pH measured at the
ground surface to be corrected to formation conditions. Fluid temperature
generally increases with depth and is reflective of the local geothermal
gradient, which is about 3.80C per 100 meters depth as based upon tem-
| atur n surements in several di ) boreholes.
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FIGURE 5-56. Major Inorganic Hydrochemistry for Groundwater Zones in
Boreholes DC-14 and DB-15 Within the Wanapum Basalt.
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TABLE 5-28.

Range of Concentration and Mean
Composition of Major Inorganic Consti-
tuents and Hydrochemical Parameters
Within the Groundwater of the
Grande Ronde Basalt.

. Range Mean
Constituent (mg/L) (mg/L)
Anions

HCO3 16 - 102 57

-2
Co3 3.8 - 55 21
c1- 96 - 297 169
5057 4.2 - 199 125 |
NCS <0.5 0.5 |
-, 13 - 42 30
H3Si03 9.1 - 140 74
OH- 0.12 - 7.4 0.98

Cations

Na* 161 - 360 257
Kt 0.34 - 24 6.5
cat2 0.80 - 7.8 2.4
Mg*+4 <0.005 - 0.2 0.04
HgSi042 39 - 132 101
Total dissolved
solids 626 - 1,210 843
Eh (V) (field) +0.21 to -0.22 -0.10b
pH (field) 8.8 - 10.6 9.7

aTotal dissolved silica is shown in

speciated forms due to elevated pH conditions in
some zones. Total Si0p concentrations may be
calculated by the relationship:

510, = 60 [?15102 + "45i°%]
¥ T -

bMedian value.
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FIGURE 5-60. Chemical Composition of Groundwater Within the Grande Ronde
Basalt Beneath the Hanford Site.
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TABLE

5-29. Range and Median Concen-
trations of Trace Elements for
Groundwater Within the

Grande Ronde Basalt.

Trace Range Median
element (mg/L) (mg/L)
Al <0.02 - 0.180 0.090
B <0.005 - 1.450 0.980
Ba <0.005 - 0.080 0.005
Cd <0.005 <0.005
Co <0.005 <0.005
- <0 775 -7 770 bt
Cu <0.005 - 0.009 <0.005
Fe <0.005 - 2.0* 0.060
Mn <0.010 - 0.470 <0.010
Mo <0.010 - 0.99 0.440
Ni <0.005 <0.005
In <0.005 - 0.200 <0.005

*Maximum value is possible associ-
ated with nonrepresentative sample.

Examination of Table 5-29 indicates that the principal trace elements

are uminum, boron, iron, and molybdenum.
m ‘or components of Grande Ronde Basalt flows (Myers/Price et al., 1979;
Boron is most likely an accessory component in
basalt glass horizons and is believed to enter the groundwater through

Myers and Price, 1981).

groundwater/rock reactions that occur primarily within fractures and along

f w contacts.

Aluminum and iron exist as

The presence of molybdenum in groundwater samples is probably attri-
butable to minor contamination by molybdenum-based pipe-joint lubricant.
Samples om the more productive flow-contact zones generally do not con-
tain molybdenum in quantities above the detection limit.

pipe-joint lubricant indicates it is not a source for other trace elements

found in Grande Ronde Basalt groundwater.
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FIGURE 5-72. Deuterium and Oxygen-18 Relationship
for Groundwater Within the Saddle Mountains and
Wanapum Basalts at Borehole DB-15.

Variations in oxygen-18 and deuterium content between shallow
versus deep basalt formations may also be explained by differences in
recharge areas. As previously addressed, the regional outcrop areas of
the major basalt formations widely differ in areal extent. This is
particularly evident for the Saddle Mountains and Grande Ronde Basalts
(see Section 5.1.2).

The Saddle Mountains Basalts are recharged locally from precipita-
tion falling on the basalt ridges surrounding the Pasco Basin. The
Wanapum Basalt also receives local recharge from precipitation falling
on basalt ridges surrounding the Pasco Basin and from interbasin recharge.
The Grande Ronde Basalt is thought to receive the majority of its recharge
from outside the Pasco Basin. The differences in source areas for recharge,
especially between the Saddle Mountains and Grande Ronde Basalts, should
be reflected in the oxygen-18 and deuterium content of the groundwater.
The fact that isotopic differences are, in fact, maintained along the flow
system for long distances away from their recharge areas suggests thi
little groundwater mixing is occurring between hasalt formations.
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FIGURE 5-73. Deuterium and Oxygen-18 Relationship for Groundwaters
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Besides isotopic differences in the groundwater between basalt for-
mations, differences are evident between areas within 1e Pasco Basin.
Figures 5-70 and 5-71 are histograms showing the distribution of oxygen-18
and deuterium for the various basalt formations. The hachured areas in
these figures denote data from outside the Cold Creek syncline. Ran' 3
and mean values for oxygen-18 and deuterium for groundwater inside and
outside this syncline are shown in Table 5-36. The differences between
the two data sets can also be seen in Figure 5-69.

Examination of these figures and table indicates discernible dii er-
ences for Saddle Mountains and Wanapum Basalt groundwater for areas * side
and outside the Cold Creek syncline. In contrast with this pattern, mini-
mal differences are evident for Grande Ronde groundwater inside and out-
side the Cold Creek syncline. T is suggests that isotopic differences may
be attributable to either:

e Different sources of local recharge for Saddle Mountains and
Wanapum Basalt groundwater within the Pasco Basin as compared
to the Grande Ronde Basalt, or

e Possibility of mixing with deeper, isotopically heavier ground-
water due to vertical hydraulic communication along the Umtanum
Ridge-Gable Mountain anticline (see Section 5.1.7).

The deuterium and oxygen-18 data can also be used to reconstruct
paleoclimatic conditions. Dansgaard (1964) derived equations that can
estimate mean ground-surface temperatures from oxygen-18 and deuterium
data. These equations were developed for work in glaciology and have some
1imiting assumptions. They do, however, provide an estimate of palec 2m-
peratures at the time of recharge. The two equations developed are:

6180

(0.69 tz - 13.6) 9/00 (5-4)

62H = (5.6 tz - 100) 9/00 (5-5)

where

ta = average annual ground surface temperature in degrees
Celsius.

Using these equations and the average values in Table 5-35, the average
annual surface temperature at the time of recharge for the basalt forma-
tions can be estimated. These results are listed in Table 5-37.
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TABLE 5-45. Distribution of Wells Within the Columbia Plateau
and Pasco Basin According to Use.

Columbia Plateau wells Pasco ‘Basin wells
Use
Total % : Total %
Air conditioning 2 0.0 0 0
Bottling 1 0.0 0 0
Commercial i 19 0.2 2 ; 0.2
Dewatering ! 19 ! o2 | o | 0
Fire 24 0.2 ! 0 | 0
Tt 6,6 ~ 53.3 493 | 49.4
Irrigation 2,804 22.4 167 E 16.7
= Medicinal 3 0.0 0 0
e Industrial 267 2.1 33 3.3
Public supply 645 5.2 76 : 7.6
o~ Recreation 5 0.0 1 ’ 0.1
Stock 354 2.8 23 2.3
Institutional 42 0.3 | 2 0.2
B Unused 1,582 12.7 | 189 & 18.9
- Other 64 ' 0.5 : 12 : 1.2
| . :
'*‘~1 Total 12,495 998 |
f i
- Data base total? 14,56 1,820 |
Percentage . gs5.8b ! 54.8D

ay.S. Geological Survey Groundwater Site Inventory Data Base.

bPercentage of the data base total for which water-use infor-
mation is available.
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Investigatar{s}, purpose
of study, and wark
accomplished

SA1 (1978),
Suiencs Applications, I

1n situ hydrologic tests in barehale
0C-2. Completed six injection tests and
two head measurements. Study sponsnred
by the Basalt Waste lIsnlation Project,
Rockwe !l Hanfurd Operations.

Sumers at a\ (1073)

W. K. Summers and Assnciates

Compiled hydrologic data availablte trom
wells in Pasco Basin and summarized a
conceptua) mudel that might be inferred
from these data. Study sponsored by the
Basalt Waste Isolation Project, Rockwell
Hanford Operations.

Gephart el al l\979al
Rockwe 1l Hanford ODEI'B(H!ns

Seven drill-stem tests in the Grande
Ronde Basalt of borehole RSH-1. Cali-
per, 3-dimensional velocity, and
seisviewer geophysical logs were run
in selected zones. Study conducted by
the Basalt Waste lsolation Project,
Rockwe}! Hanford Operations.

Tanaks et al. (1979},
Adashington State DNepartiment of £cology

Compiled existing hydrologic data for
basalt in the Washington State portion
of the folumbia Plateau. Study was
sponsored by the Basalt Waste Isolation
Prove:l Rockwell Hanrurﬂ Operations.
Apps et al (1979},

Lawrence Berkeley Laboratory

Six nead measurements and one qround-
water sample from Grande Ronde Basalt

in borehule NC-2. Fifteen head measure-
ments, 12 flow tests, and 1 water sample
from Grande Ronde Basalt in borehole
DC-6. Four head measurements from
Wanapum Basalt in borehole BC-8. Study
was sponsored oy the U.S. Department of
Energy and Basalt Waste Isolation
Project, Rockwell Hanford Operations,
This study was part of the feasibility
study on the waste-isolation potential
of hasalt.
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TABLE 5-47. Primary References for
Hydrotogic properties
”'“"““;m)zﬂ“““”"' Starativity Porusity
Flua tops 10-3 1o 10-6 Not addressed
to 10-9

rnlumar mn s
to 10

flow (opi and m er-
vals 10~

From composite of spec
tests in irrigation we

tops
10 to 10-11

Flow tops and ml;r-
beds *to 107

From composite of specifi

Flo tops

g to 1079, mostly
frm comasite flow
testing

This last reference

14 core analyses.

Not addressed Not addressed

addressed
10-% 1o 10-4

c-capacity tests.

Referenred earlier reports.

Hydrologic Testing Data and Conceptu

Referenced total pnrosity

10-3 to 1072 values given in Raymond
and Tillson {1968), LaSala
ific-capacity and Doty (1971), and
Ws. Agapito et al. (1977).

reports total porosities
of 0.6 to 12.9% from

Twn head
tops in
Insuffic
reliahle

References existing data.
compnsite water levels in irri-
qation wells (available from

Washington State Department nf
Fcotogy).
toward the Columbia and Snake

Rivers.

water flow 1s toward the maijor

rivers,

Not attempted.
measurements were not possihle,
since the borehole had heen

open for

Hyds autic hewds

values across flow
Gramie Ronde Basalt.
ient data to develap
qradieat .

from

The head decreases

This implies ground-

Reliable head

20 yr prior to study.

Models.

\dwater-recharqe area

Not addressed

Re: e occurs in the sur-
roL.....g hills and mountains,
plus irrigation,

Hot addressed

(Sheet 2 of 3)

r.mundnater-ais(harge' area

Not addressed

Local and intermediate flow
systems discharqed to the
nearby rivers. Regional flow
system discharges west of the
Pascu Basin.

Authors ~-“-* “hat hydrologic data

within 0 Basin were very
limited within the Hanford
Site. of this, the con-
ceptual hey developed,

depicting local, intermediate,
and regional flow systems, did
not represent data in real space.
Therefore, the model developed
was, rather, that which might
enist b upon hydrologic prin-
ciples the geologic setting.

Not addressed

Work conducted #n 1977.

Composite potentiometric maps
suggest overall groundwater
flow in Washington State por-

tion of

Colymbia Plateau is

toward the Pasco Basin.

Variable

Wanspum Basalt at DC-8 and
irande Ronde Basalt at Df-6.
Slight head decrease with depth
in Grande Ronde at 0C-2.
Available evidence suggests

qroundwd

lel to the Cold Creek syncline.

head pattern in

ter movement is paral-

Recharge is from precipita-
tion on basalt outcrops,
plus irrigation.

Lo echarge is from sur-
rot..-..1q hiltls. Regional
recharge is from areas out-
side the Pasco Basin,

Discharge is to the Columbia
River and its tributaries,
where basalt and river are In
direct contact. Water is also
removed by irrigation pumping.

Intrabasin groundwater movement
considered important.

Discharge is to the Columbia
River at or south of the
Tri-Cities.

Areas of extensive faulting and/or
folding can form flow barriers to
horizontal groundwater movement

and maximum vertical permeability.

Conceptual model consisted of two
layers: an upper sedimentary
layer (unconfined aquifer) and a
lower layer consisting totally of
basalt.

Several groundwater-flow systems
may exist in the basalts, each
with its own geometry, recharqe/
discharge areas, etc. Deeper,
regional systems could encompass
much larger areas than shallower
systems.
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TABLE . -54. Historic Major Inorganic and

Hydrochemical Parameter Analyses for
Groundwater Within the Upper
Wanapum Basalt in the
Cold Creek Valley.

Concentration for
date collectedd
Constituent (mg/L)
12/51b 4/77¢
Anions

Alkalinity,

as HCO3 181 170

cl-

5072 1.6 1.4
4 . .
NO3 0.1 0.0
F- 0.6 0.8

Cations
Nat 30 29
K* 9.9 7.8
ca*2 17 17
Mg*+2 9.4 9.2
Si07 62 55
Total dissolved
solids 316.4 294.7
p (field) 7.8 8.0
Collec ion
temperature (9C) 26.9 26.8

dGroundwater samples collected

from the McGee well.
bHart (1958).
CMyers (1978).
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TABLE 5-55. Principal Dissolved-Gas
Components Anticipated in Columbia
River Basalt Groundwater Within
the Reference Repository

Location.

Columbia River P"gggggﬁlng“
basalt formation (mole %)
Saddle Mountains Nitrogen

>80
Wanapum Methane*

>90
Grande Ronde Methane*

>90

*Based on gas analyses from bore-
holes DC-16A and RRL-2.

5.2.3.2.4 Isotope Content. As with other hydrochemical information,
no isotopic data are available for Columbia River basalt groundwater
within the reference repository location. Data addressed in this section
for anticipated conditions are based primarily on isotopic data presented
in Section 5.1.6. Only those data that are considered to be representa-
tive of the reference repository location are included in this section.
(For example, data for borehole DC-14, which occurs outside the Cold Creek
syncline, are not discussed.)

Stable Isotopes. The expected range and mean values for stable iso-
topes within the reference repository location are listed in Table 5-56.
As shown, distinct differences in isotopic content are evident, particu-
larly between the Saddle Mountains and Wanapum Basalts. The significance

id possible cause for the isotopic shifts were previously discussed.

Saddle Mountains Basalt groundwater tends to be significantly lighter
isotopically, with respect to deuterium and oxygen-18 than the deeper
groundwater within the Wanapum and Grande Ronde Basalts. The lighter iso-
topic character is attributable, in part, to the dominance and close prox-
imity of local recharge areas for Saddle Mountains Basalt groundwater.

~ With respect to carbon-13 content, Grande Ronde Basalt groundwater is
considerably lighter isotopically (i.e., for carbonate species) than the
overlying basalt formations. This is primarily attributable to heavier
carbon-13 values, which are exhibited in the lower Saddle Mountains and
upper Wanapum Basalts. The presence of positive carbon-13 values in the
lower Saddle iuntains and upper Wanapum Basalts appears associated with
thanogenic processes that exist in these formations.
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Available sulfur-34 data exhibit considerable variability and lack of
distinct isotopic patterns within basalt groundwater. In addition, the
.tremely small amount of dissolved sulfate and sulfide concentrations
have hindered measurement of sulfur-34 values for Sa Ile Mountains and
upper Grande Ronde Basalt groundwaters. Because of these problems, the
reliability of anticipated sulfur-34 values listed in Table 5-56 for the
1 Ference repository location is questionable.

Radinnuclides. The expected range and mean values for radioisotopes
within various Columbia River basalt groundwaters in the reference repos-
itory location are listed in Table 5-57. The radioisotopic contents shown
do not exhibit the distinct differences between the various basalt
formations that were evident for stable isotope distributions. Discern-
ible differences in carbon-14 mean values are expected, however, for
individual basalt-formation groundwaters.

As discu: pt 'iously in Section 5.1.6.2.2, tritium primary
application in hydrologic studies of basalt groundwater at the Hanford
Site is as a trace indicator of drilling-fluid contamination within
groundwater samples. Due to its relatively short half-life, tritium
concentrations within uncontaminated Columbia River basalt groundwater are
expected to be near analytical detection limits (i.e., 0.2 tritium unit).

As shown in Table 5-57, a considerable range in carbon-14 content is
expected in basalt groundwater within the reference repository location.
At a given location, however, the relative carbon-14 age would be antici-
pated to increase with depth. Carbon-14 activities for deep groundwater
within the Grande Ronde Basalt is expected to be below standard analytical
detection limits for this isotopic parameter (i.e., 1.9 percent modern
carbon). Inherent problems and corrective measures for using carbon-14
in age-dating applications of deep basalt groundwater are discussed in

iction 5.1.6.2.2.

Considerable variability is also expected for uranium isotopic con-
tent within basalt groundwater in the reference repository location. As
indicated in Table 5-57, uranium-234 to uranium-238 ratios are antici-
pated to vary over approximately the same range (i.e., 0.7 to 3.4) for all
basalt formations. Total uranium content, however, is expected to
be greater within the Saddle Mountains Basalt. The ‘eater total uranium
content within Saddle Mountains Basalt groundwater is attributable pri-
marily to slightly more oxidizing conditions.

Insufficient data are currently available withi the Cold Creek syn-

cline to predict the chlorine-36 content of basalt formations within the
reference repository location.
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5.3 SUMMARY OF UNRESOLVED ISSUES

A number of technical issues regarding hydrologic-data collection and
conceptual-model development remain to be resolved as part of the site
characterization process. These issues and the plans for their resolution
are discussed in Chapter 13.

Hydrologic modeling to assess repository performance regarding trans-
port potential of radionuclides is discussed in Chapter 12. Issues
regarding hydrologic modeling and plans for addressing these issues are
covered in C pter 16.
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