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Ms. Susan K. Whatley, Manager

Engineering Analysis and Planning Egg;gazgn& r/f
Chemical Technology Division PDR

Oak Ridge National Laboratory LPDR (B,N,S)
P.0. Box X, Building 4500N, MS 211 >
Oak Ridge, TN 37830

Dear Ms. Whatley:

SUBJECT: CONTRACT NO. NRC-50-19-03-01, FIN B-0287, ORNL NO. 41-37-54-92-4,
"TECHNICAL ASSISTANCE IN GEOCHEMISTRY," AUGUST (1985) MONTHLY

~ PROGRESS REPORT
I have reviewed the August monthly progress report dated September 9, 1985,
Based on my review, I have the following comments:
Task 1 - BWIP Technical Assistance
° Progress to date is satisfactory.
° Attachment 1 is for your information. This paper was given at the
"International Symposium of Coupled Processes..." held at LBL during the
week of September 16.
° Attachment 2 is a draft report concerning numerical modeling of the
ground-water flow system at BWIP. It is for your information and may be
~ of some use conceptualizing release pathways at Hanford.
° The agenda for the contract review in October is being finalized. Please
consider substituting a summary and discussion of the topical report on
BWIP geochemical conditions in the place of BWIP solubility. BWIP expects
geochemical conditions to play & major role in the release and migration
of radionuclides, thus it is 1ikely that geochemical conditions will be
the topic of our next workshop. Solubility, which is influenced by
geochemical conditions, can be discussed at another time.
Task 2 - NNWSI Geochemical Technical Assistance
° ORNL Letter Report (LR-287-10), reviewing "Verification and
Characterization of Continuum Behavior of Fractured Rock at AECL
Underground Research Laboratory-BMI/OCRD-17" has been received. This
OFC  :WMGT - 8510240027 g50925
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report has been given to Linda Kovach. She will contact you if she has
any questions.

° ORNL Letter Report (LR-287-11) reviewing "Petrologic and Geochemical
Characterization of the Topopah Spring Member of the Paintbrush Tuff..."
has been received. This report has been given to Linda Kovach for review.
She will contact you if she has any questions.

° Attachment 3, "Geochemical Sensitivity Analysis for Performance Assessment
of HLW Repositories...," is for your information.

Task 3 - Salt Geochemical Technical Assistance

° Progress to date is satisfactory.

° Gary Jacobs' trip report concerning his participation in the DOE/NRC
review of drill core from the Polo Duro Basin was received and given to
Walt Kelly. Dr. Jacobs' participation was useful and appreciated.

Task 4 - Short-term Geochemical Technical Assistance

° Progress to date is satisfactory.

° The outline for short-term T.A. request number 6 (Letter Report on the
Chemistry of Plutonium - See attachment 4) was received. I have
distributed it for comment and will discuss it with you during the first
week in October.

° The work being done under short-term T.A. request number 10 (catalog of
HLW analogs - See attachment 4) appears to be progressing as expected.
However, it is my understanding that the types of information to be
cataloged include a section describing the application of each analog to
problems of radioactive disposal in geomedia (See attachment 5). This
section is critical to the catalog. Please discuss with me the progress
?ging)made in developing this section prior to our program review (October

-17).

Task 5 - Project Management

° Progress to date is satisfactory.

° Attachment 6, Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes (Final
Rule EPA 40 CFR Part 19), is for your information.

DATE :85/09/
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° The program review for B0287 is scheduled for October 16-17. Attachment
7 is a draft agenda. Please provide comments to me by October 4, 1985,

The action taken by this letter is considered to be within the scope of the
current contract NRC-50-19-03-01/FIN B-0287. No changes to cost or delivery of
contracted products is authorized. Please notify me immediately if you believe
that this letter would result in changes to cost or delivery of contracted
products.

Sincerely,

Origingl S{gned By

David J. Brooks

Geochemistry Section

Geotechnical Branch

Division of Waste Management

Office of Nuclear Material Safety
and Safeguards

Enclosures:
As Stated
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BASALT WASTE ISQLATION PROJECT OVERVIEW

David K. Dahiem
Basalt Waste Isclation Division
U. S. Department of Energy
P, 0. 8Box 550
Richland, WA 99352

INTRODUCTION

The proposed candidate basalt site for 2
high level nuclear waste repository is located
beneath the Hanford Nuclear Reservation in
southeastern Washington State (Figure 1), At
this point, the Hanford Reservation has been
selected as one of three preferred candidates in
the draft Envivonmental Assessment, Project
activities have concentrated on (1) understand-
ing the site location with respect to the
10CFRE0, AOCFR19Y, and JOCFR960, (2) identifying
critical parameters for design of waste package
and repository seals, and (3) identifying para-
meters for repository design, This paper de-
scribes the program to evaluate the site and
jdent{fy the natural processes that would effect
isolation,

The viability of the reference repository
location (RRL) depends on findings in several
important areas; (1) the groundwater cfrculation
system, (2) the nature and complexity of the
basalt horizons and inhomogeneities, and (3) the
structural stability of the repository environ-
ment relating to vulcanism and seismicity.
Other fssues are subordinate.

The Repository Site program has two major
testing and data collecting phases: (1) an
eariy reconnaissance activity to locate a site
and to assess site suitability, and (2} site
characterization to evaluate performance uncer-
tainties: The emphasis {n all studies is on
fdentifying system baseline conditions and pro-
cesses of change. Data collection originally
started with surface-based exploration and will
continue 1n in situ measurements in subsurface
facilities such as the exploratory shaft facili-
ty and in special boreholes to confim surface
work and to collect unique data!

Geologic Program Status

The following sectfons present the current
understanding of the geologic and geophysical
properties of the basalt site. Areas that sig-
nificantly {nfluence the testing program {de-
scribed in a later section) are highlighted.

Geomorpnology
The Hanford site is located within the

Columbfa Plateau geologic prevince between the
Yakima Fold Belt to the west, the Blue Mountains

to the south, and the Palouse: It is at the
point where ridges of the Yakima Fold Belt dip
east beneath the west dipping Palouse Slope.

The principal geomorphic processes affecting
the area during Quatermary time were degradation
of bedrock ridges and scouring assocfated with
YTate Pleistocene cataclysmic floods, and sedi-
mentation assocfated with wind and water redis~
tribution of glacial outwash of the abave
materials, The most recent flood was about
13,000 yrs 8.P., associated with the last ice
advance,

On the basis of paleociimatic infomation,
only two {ce advances are expected in the next
100,000 years; beginning at 15,000 and 35,000
years,

Stratigraphy and Litholegy

The Reference Repository area is underlain
by three rock sequences (Figure 2)}: the basalt
group is pre-Tertiary epiclastic sedimentary
rocks from 6,00C to 18,000 feet thick. This, fn
turn, is overlain by the Columbia Basalt Group,
from 10,000 to 16,000 feet, and by about 500
feet of post basalt sediments.

In the RRL area, the Yakima Subgreup of the
Columbia Basalt group is divided into the Grande
Ronde, overiain by the Wanapum, and in turn by
the Saddle Mountain flow sequences., Within the
Grande Ronde sequence, the Cohassett flow is the
current reference horizon.

The Cohassett flow is mid-way in the Sen-
tinel Bluffs sequence; From systematic studies
of the Cohassett flow, intermal or intraflow
structural features have been defined allowing a
modicum of prediction of mechanical characteris-
tics. Intraflow structural domains differ in
strength and mechanical properties, and there-
fore are of interest in assessment., Fracture
{or joint) density has been evaluated for the
candidate flows with the Cohassett the most
intact, least fractured flow of those studied.

The Grande Ronde, Wanapum, and Saddle
Mountains sequences are each separated by sedi-
mentary interbeds of the Ellensburg Formation.
The lowest of the interbeds is the Yantage,
separating the Grande Ronde and Wanapum ba-
salts. From this point upward in the basalt



section, volcaniclastic sedimentary interbeds
become an important part of the gechydrologic
control. The Mabton interbed is the thickest
unit separating the Wanapum from overlying
Saddle Mountains basalts, but each flow in the
latter two sequences is overlain by an interbed.

The principal uncertainties in the strati-
graphy and megascopic 1ithology are focused on
the need to {dentify and characterize individual
flows and to predict variations: Elements in
this area consist of flow thickness, intraflow
structures, fractures, and textural discontinu-
ities such as zones of vesiculation and breccia-
tion,

Structural Geology and Tectonics

The structural geology of the RRL area is
characterized by compressional features com-
prised of sharp east-west trending anticlines
and shallow intarvening synclinal valleys. In
general the anticlines are asymmetrical and
overturned on the north 1imbs. Second and
third-order folds are common on first-order
anticlines,

Thrust and high-angle reverse faults are
common along the steeper 1imb of anticlines.
Estimated displacements range from several
meters to 2.5 km such as along the Saddle
Mountains fault at Sentinel Gap. Fault dips
vary from 459 to vertfcal. Northeast- to
Northwest-trending cross faults with up to
several tens of meters dip-siip and postulated
strike-slip displacement transect the anticlined
folds. In.addition, fold trends commonly dis-
play abrupt bends along strike,

Several large-scale features provide the
regional structural framework. The Olympic-
Wallowa lineament (OWL) and Hog Ranch-Naneum
Ridge anticlfne trend into the Columbia Plateau
and transect the Yakima Fold belt., The OWL is
400 km long topographic lineament extending from
the Olympic Mountains 1n northwestern Washington
to the Wallowa Mountains of northeastern
Oregon, The Cle Elum-Wallula Vineament (CLEW)
is the central third of the OWL. feature, in
which area occur nortiwest-trending faults. In
the Pasco Basin, the CLEW is the series of
features including Rattlesnake Mountain, and
several doublaey-plunging anticlines to the
southeast. This local feature is referred to as

— T

the Rattlesnake-Wallula lineament (RAW), East
of Wallula Gap the CLEW is defined by west
northwest trending faults of the Wallula fault
system.

Evidence for possible Quaternary faulting
within the Yakima Fold Belt occurs 75 km west of
the site at Toppenish Ridge: Five hundred year
old sag ponds at that location are similar to
features on Gable Mountain.

The Pasco Basin, in which the site is
locatad, is one of four structural and topo-
graphic basins in the Yakima Fold Belt: It {s
defined on the north by the Saddle Mountains and
on the south by the RAW structure. The Hog
Ranch structure and Palouse Slope are the west-
ern and eastern boundaries. The main trends
within the basin are easterly to southeasterly
from northwest to southeast. Structural and
topographic relief lessens to the southeast,
with several of the Yakima folds receding into
the subsurface:

Four anticlinal structures define the im-
mediate structural environment of the site: the
Saddle Mountains, Umtanum-Gable Mountain, Yakima
Ridge and Rattlesnake Mountain, and anticlines
along the RAW to the southeast, The intervening
synclines are the Pasco Basin on the east,
Wahluke syncline, Cold Creek syncline, and
Benson Ranch syncline from north to south,

The Cold Creek syncline is a broad south-
easterly plunging fold with a relatively steep
southern 19mb toward Yakima Ridge: The struc-
ture is intarpreted to have been a thick basalt
i{ection controlled north and south by anticlinal

dges.

Structural analysis indicates that tectonic
forces have been accomodated by folding and
closely parallel faulting above the northermn
1imbs of anticlines: These features consist of
steep reverse faults and pronounced brecciation
parallel to fold axes. Rate of deformatfon has
been assessed from the thinning of flows over
ridges and current leveling and trilateration
surveys. i

The earuption of tholeiitic flood basalts
from 7 to 8.5 m yrs B.P, is the most significant
volcanic event to effect the Pasco Basin,

Feeder dikes for these eruptions have been {den-



tified on the eastern basin margin, The oniy
volcanic events subsequent to these are from the
Cascade Range, west of the site!

The principal uncertainties in the area of
structural geology center around the nature,
mechanism, and timing of tectonic deformation
effecting 1ong term stability of the site and
eff:ct on groundwater circulation in the Pasco
gasin,

Sefsmology

The Columbia Plateau {s an area of moderate
seismicity based on the historical record: The
seismicity of the RRL 1s low as compared with
that of the Columbia Plateau. The seismicity
can be grouped into two types of events: deep
events and shallow swarms,

The earthquake swam is the predominant
activity of the site area. Swarms typically
occur over periods of a few days to several
months, are constrained to a rock volume typi-
cally 2 km X 5 km X 3-5 km deep, and may contain
severgl hundred earthquakes from magnitude 1.0
to 3.5.

Centers of swarm activity have been recorded
near the site at Wooded Island, Coyote Rapids,
and northeast of the site between the Saddle
Mountain and Frenchman Hills anticlines: The
evolution of these events indicates no specific
probable structural relation,

The principal uncertainties on the site
seismicity include the nature of the mechanism
and potential ground motion related to swam
events and the nature of surface wave trans-
mission within the area to the repository rock
volume.

Engineering Geology

The engineering properties of concern are
those that bear directly on the excavation
characteristics of the basalt, The data now
available have come from the analysis of out-
crops, borehole cores, and in situ measurements
from the Near Surface Test Facility {NSTF) con-
structed in Gable Mountain, northeast of the
RRL. A central concern in the data collection
effort has been understanding and predicting the
in situ response of the rock mass to changes

{mposed by excavation and from thermal simula-
tions of waste loading, o

Intact basalt from the flow interiors is
hard, brittle rock that is insensitive to tem-
perature change at 150-2000C and has 1ittle
definable mechanical change up to 5000C, The
intact basalt shows a significant {ncrease in
strength with confining stress. Uniaxfal com-
prehensive strength differs between Grande Ronde
flows, with typical values for the Cohassett
interior and flow top breccias of 250 MPa
{42,000 psi) and 1,000 MPa (15,000 pst),
respectively.

Jointing is common in the flows and is typi-
cally characterized as tight with pervasive
fi1l1ing by secondary minerals. Testing of
jointed samples under triaxial loading and
dfrect shear indicates the secondary minerals do
not dominate the joint properties. Joint fric-
tion angles measured in the NSTF were 350 for
the Pomona flow. A value of 42° was obtained
for Grande Ronde basalt. Normal and shear
stiffness tests on core from the NSTF indicate
relatively high stiffness reflecting the compe-
tent nature of the joint surfaces and thin joint
fillings.

Under low stress conditions, the joint fre-
querncy is sufficiently high to significantly
influence the rock mass modulus and rock mass
strength. Under high stress conditions at the
repository depth, joints are expected to be
tighter and have less effect on rock mass
modulus,

No reljable data on deformation moduli are
available at this time.

Thermal properties at the repository horizon
probably can be estimated with sufficient accu-
racy from laboratory tests, This {s based on
the agreement between 1ab and NSTF measure-
ments, Themal properties are expected to be
influenced by rock porosity and moisture condi-
tions. Jointing does not appear to have a pro-
nounced effect on thermal or themomechanical
properties and no thermal anfisotropy was ob-
served in current testing.

Stress measurements by hydraulic fracturing
in three holes within the reference repository
Yocation in all four potential repository hori-



zons have produced a consistent pattern of in
situ stresses that are oriented with the maximum
stress essentially north-south and the minimum
stress vertical, The maximum horizonta! stress
does not show any signiffcant increase with
depth within the flows or between the four flows
tested. The maximum horizontal stress is estf-
mated to be 61.5 MPa (8,900 psi) in the
Cohassett flow. In the Cohassett flow, the
intermediate _horizontal stress is 32.4 MPa
(4,700 15/1n2) with a minimum (»Z,emcan
stress of 24;1 MPa (3,500 1b/in<). These
stress Tevels are high and are compatible with
the observed borehote spalting, core disking,
and sefismic activity in the areal

Rock spalling and small rock bursts can be
anticipated given the stress field and brittle
nature of basalt, however, the jointed nature of
basalt may mitigate the spalling potential by
relieving the high stress concentrations around
openings.

Geohydrology

Since 1977, reconnaissance hydrologic
studies have been conducted in and around the
Cold Creek syncline to identify stratigraphic
intervals of high and Yow hydraulic conductiv-
ity, areal and stratigraphic hydraulic head dfs-
tributions, geochemical trends and the influence
of geologic structures on circulatfon patterns.
In this program, testing has become progressive-
1y sophisticated as new facilities have been
constructed: To date, the emphasis has centared
on understanding the circulation systems, which
in turn requires hydraulic stress testing of
discrete horizons. A reference piezometric
baseline for this testing is an {ntegral part of
the program;

Preliminary studies indicate that basalt
flow-brecciated tops and intarflow sedimentary
units have higher hydraulic conductivity than
flow intariors., For flow toqi and 1mferbeds.
conductivity ranges from 10 10-! m/s
with a geometric mean of 7 X 10- “’f' For
the flow interiors, the range is 10- 5 to
10-3 with a geometric mean of 1 X 10-12
m/s. The hydraulic conductivity of interflow
zones differs between basalt sequences and
generally decreases with depth., Hydraulic
gradient fgx the Grande Ronde has been estimated
to be 2X10* m/m with direction of flow within

the RRL toward the south-southwest: The
direction of regional flow appears to be
southeast! The local influence of synclinatl
structural dip is presumed to be the reason for
the discrepancy! VYertical hydraulic gradient in
the Giande Ronde appears to be wpward at

1X10=% m/m,

Hydrochemical data have been used to inter-
pret the circulation systems., These data sug-
gest that two flow systems exist beneath the
Hanford site; one in the Grande Ronde ard one in
the Saddle Mountain and near-surface sediments.
Within the Wanapum basalts, 1imited mixing
occurs, Chemical signature data suggests watars.
of the Grande Ronde are probably part of region-
al circylation systems 1n contrast to the more
Tocally circuiating waters of the Saddle
Mountafn basailts.

Possible boundary conditions which may
influence geohydrologic conditions at the site
are listed balow,

o The postulated "Cold Creek Barrier®
Tocated just west of the RRL! Hydro-
Togic evidence suggests that this geo-
ph{sical ancmaly may act as an imperme-
able boundary to groundwater flow.

o The anticlinal ridges to the north and
south of the RRL., However, {t {s nat
known at this time whether these struc-
tures may act as impermeable boundaries,
constant head boundaries, or what the
extent of such boundaries may be.

o The Columbfa Rfver may act as eifther a
source or sink to groundwater {n the
deep basalts: Hydrologic data collected
to date do not confim either sugges-
tion. The Columbia River is a sink
(discharge area) for the unconfined
aquifer,

Geochemistry

An understanding of the rock-flufd system
envi ronment of the reposftory is essential to
predict repository isolation-containment charac-
teristics; To date, {nformation includes phase
definitfon and distribution of components from
petrologic and geologic studies. Reconnaissance
geochemical samplfng in these studies provides



gross system characterization, Limited experi-
mental work 1dentifies the behavior of radio-
nuclides in this system and provides detail on
phase stability and reactions,

The major mineral composition of the dense
interiors of Grande Ronde basalts ranges from 0
to 35% pyroxene, 25 to 48% plagioclase, O to 6%
Fe-T{ oxides, 0 to 3% ol{ivine, and 20 to 65%
mesostasis. Less abundant phases fnclude apa-
tite, orthopyroxene, pigeonite, and sulfides.
The mesostasis is primarily glass.

The concentrations of most major element
oxides and trace elements are relatively
consistent throughout the Grande Ronde section.
The ratio of FeO/({Fe0+Fep03) varies from
about 0.76 to 0.79 in the dense interiors of
candidate basalt flows. Therefore, the rock
mass is highly reduce he flow interiors,
Hematite blebs are disseminated in t
groundmass. Secondary phases in fractures,
vesicles, and vugs include smectitic clays,
2zeolites, and silica. Other secondary minerals
have been {dentified but are present in much
Tower amounts. The presence of secondary pyrite
in these basalts provides strong evidence for
reducing conditions in the site system,

The sedimentary interbeds consist of
tuffaceous siltstone with lesser amounts of
quartz sandstone, conglomerate, and well-sorted
vitric tuff, Most of these sediments are fri-
able but some are cemented with calcite, clay,
opal, and zeolite.

The primary phases of the basalts are not in
equilibrium with the present physiochemical
environment. They are metastably persistent,
however, because the kinetics of alteration are
slow at the ambient low temperatures of the
basalts. The lack of reliable themmodynamic
data on secondary minerals prevents 2 rigorous
evaluation of their stability.

Major inorganic components of deep basalt
groundwatars are sodium ( 50 to 450 mg/L),
potassfum ( 4 to 36 mg/L), calcfum ( 2 to 18
mg/L), magnesfum ( 2 to 12 mg/L), silicon ( 25
to 175 mg/L), chioride, ( 50 to 550 mg/L),
fluoride ( 5 to 55 mg/L), and sulfate ( 25 to
250 mg/L). Measured pH values range from 7,2 to
10.8 (most are in the range of 9.2 to 9.8),
Alkalinity (as CaC03) ranges from 75 to 225

mg/L. Both vertical and lateral major element
compositional variations are observed.

Methane {s the major dissclved gas found 1in
groundwaters, Minor amounts of nitrogen, argon,
and carbon dioxide are also present. Estimates
of methane concentrations range from 350 to 700
mg/L for groundwaters in Grande Ronde basalts.

RADIONUCLIDES

Sorption of key radionuclides occurs by
chemisorption and ion exchange reacticns with
minerals in the groundwater flow path,

Actinides are strongly sorbed by each of the
geologic solids studied (basalt, secondary min-
erals, and interbed materials), as are radfo-
nuclides that exist in solution as hydrated
metal fons. Non-metallic radfonuclides such as
1odine-129, carbon-14, and selenfum-79 exist
only as anfjons in solutfon and are weakly sorbed,

Most radionuclide sorption reactions are at.
Teast partially irreversible under conditions
expected {n basalt groundwaters. Sorption and
desorption isotherms for a given radicelement
are non-single-valued and show a significant
degree of sorption hysteresis. This hysteretic
effect is important to radionuclide transport
calculations since it can lower peak radio-
nuclide concentrations in groundwater and delay
transport. Migration of radionuclides as
particulates suspended in groundwater must also
be considered as a possible transport mechanism,

The chemical species of radfonuclides in the
site system will influence their retardation
behavior, Speciation, in tum, depends on the
oxidation state of the radionuclide and on the
presence of complexing 1igands. The prepon-
derance of evidence {ndicates that conditions in
the site system are reducing. It is expected,
therefore, that radionuclides will be present in
lower oxidation states.

A large quantity of radionuclide sorption
and desorption data have been obtained: A wide
range of experimental conditions have been
examined in these measurements in an attempt to
duplicate the variety of possible conditions
expected in the sfte system. Because of uncer-
tainties in groundwater composition, oxidation
states of some radionuclides, and composition of
geologic solids in groundwater flow paths,



attempts have been made to determine the sensi-
tivity of radionuclide sorption to these para-
meters. As a result of these efforts, most
existing sorption information was obtained at
the extremes of expected conditions {oxidation
states, groundwater composftions, etc,).
Although this may be adequate for certain radio-
nuclides, additional data is needed for radio-
nuclides that are highly sensitive to these
sorption parameters,

ENGINEERED BARRIERS

The development of engineered barriers,
(ile., the waste package and repository seals)
has been proceeding in parallel with site
exploration., The BWIP waste package concept
incorporates the waste {nto a low-carbon steel,
thick-walled cylindrical container which 1s
designed for at least 1,000 years containment in
accordance with the NRC containment requfre-
ment. A six-inch layer of crushed basalt-
bentonfte clay packing material is placed
between the container and host rock to retard
groundwater flow and to buffer groundwater
oxygen concentrations to extremely low levels,
thereby promoting conditions favorable to con-
tafner 1ife, and lower solubilities and higher
sorptivities for many radionuclides. Thus the
packing material is expected to play an essen-
tial role in meating the NRC requirement for
controlled release and the EPA cumulative mass
flux requirement during the isolation period
The current waste package program addresses
characterfzation of the waste package environ-
ment, tasting of waste package components under
reposi tory-relevant conditfons, waste package
design, and performance analyses. In the envi-
ronmental area, studies include alpha/gamma
radiolysis, natural analogs, redox sensitivity,
and ?eochemicﬂ modeling. In the testing area,
studies include degradation of iron-base and
copper-base container materfals, static and
flow-through release testing of spent fuel and
glass waste forms, and a variety of packing
material physical and chemfcal tests., In the
design and performance analysis areas, the ad-
vanced conceptual design of the waste package
and 2 relfability anmalysis are nearly complete,

Repository seal development activities in-
volve testing to understand sfite conditions and
material behavior, testing to demonstrate em-
placement techniques and component perfommance,

modeling and analysis to assess seal system per-
formance and predict repository condf tions which
affect performance, and design. All these
activities support the selection of materfals
and evolution of sealing concepts to assure that
excavated openings do not become pathways to
compromise the ability of the site to isolate
wastes,

The principal activities through the fnftfal
part of site charactarization {nvolve labaratory
testing of candidate backfill materials, model-
ing and performance analysis of alternative
shaft and borehole sealing concepts to provide a
basis for design cptimization relative to per-
formance criteria, and perfoming conceptual and
adv?nced conceptual design of shaft and borehole
seals,

TESTING PROGRAM

The objectives of the testing program
include (1) providing a data base for license
application, (2) providing assurance on perfor-
mance fssues, and (3) providing data for
engineering and design of the repository and
dependent operations. At Hanford, the testing
effort is oriented tcward answering questions on
the groundwater system, rock complexities, and
stability with respect to demonstrating contain-
ment and isolation. (Table 1)

In the event Hanford is selected for site
charactarization, the testing program will be
outlined in the S{te Characterization Plan.
Central to activities during characterization is
providing an understanding of site geologic
hetarogenefties: As a result, this data collec-
tion and testing effort is strongly flavored by
classical exploratfon and engineering geologic
studies, Major elements of this program are
described balow,

Geology

Uncertainties in the current knowledge of
the site stratigraphy and Yithology are
based on the paucity of subsurface data, and
show up in Tower confidence level estimates
of basalt flow thickness, variation in
intraflow structure, fracture characteris-
tics, and petrology, both of the flows and
intarbeds! The work to be conducted on sur-
face outcrop and from boreholes will include



field mapping, surface and subsurface geo-
physics, laboratory analysis of chemistry
and petrology.

In the area of structural geology, current
information concentrates on the geometric
characteristics of folds and faults. The
data are incomplete and uncertainties exist
on the nature, mechanisms, and timing of
tectonic deformation, Significant work
remains in characterizing the large-scale
regional structures 1ike the RAW, and evalu-
ating the possible influence of regional
tectonic forces on repository stability,

Groundwater Hydrology

The principal activities in groundwater
hydrology include characterizing the region-
21 groundwater flow system, providing 2
baseline for flow system interpretation, and
detemmining the value of hydraulic proper-
ties for the repository rock volume; System
uncertainties will be identified through
numerical modeling which will require evalu-
ating boundary conditions for the Cold Creek
syncline!

Key to the evaluation of the hydrologic
system are data obtained from a monitoring
system of over 35 monitoring wells at and
surrounding the RRL, From these facilities,
water level and pressure data are being
monitored; first, to establish a baseline
and second, fn response to formatfonal
responses during nearby drilling and pumping
activities. A specific phase of testing
(Targe hydraulic stress testing or LHS) will
consist of pumping selectively from wells in
this system and observing responses in
neighboring nested piezometers up to kilo-
metars from the test point.

' Pump tests are planned for both local and
remote testing, fnvolving scales of hours
and days up tc a month or more of pumping.

Three types of tests will be conducted from
the Exploratory Shaft facility (Table 2):

borehole, chamber, and tracer breakthrough
between borehocles. Borehole testing proce-
dures will include constant head injection,
pulse, and cross hole techniques.

8oth surface and subsurface boreholes will
be used as monitoring points during all sub-
sequent testing and construction activities.

Rock Mechanics Testing

A key arez in demonstrating a viable rock
envi ronment s demonstrating stability of
underground openings at depth and facility
of construction and operations methods. The .
available data on rock properties provide a
basis for evaluating these items but in situ
observation, mining, and underground testing
are needed, Specific underground tests will
be based on the first in situ observations
during shaft sinking and Tacility breakout.
Table 2 shows elements in the testing pro-
gram: Figure 3 shows the exploratory shaft
test facility layout with the location of
indf vidual tests in the geomechanical
testing program. Integrated themo-
mechanical and hydrological testing may be
required to establish that mechanical per-
formance will not impact waste isolation.
The nature of such tests can only be
proposed at this point: In situ test data
will provide guidelines for such tests.
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Simnulation of Coupled THM Interactions in
Fluid Injection into Fracture Rocks

J. Noorished and C. F. Tsang

Earth Sciences Division
Lawrence Berkeley Laboratory
University of California
Berkeley, Californic 94720

Introduction

Deformation of fractured rocks in response to fluid
pressurization (by fluid injection, for instance) is known
phenomena. Re-pressurization of hydraulically induced
{ractures in hydrofrac experiments, is a common practice
to obtain better estimates of insitu stresses. In this pro-
cess the compressive stress in the fracture is peutralized
by the injected fluid pressure leading to complete separa-
tion of fracture surfaces. The deformation process in the
rock as 8 whole and in the fracture specifically, is a cou-
pled phenomena. Thus far, lack of data and complexity
of analysis has not allowed realistic simulations of fluid
injections to be performed. This complexity and the lim-
itations are even greater if one considers nonisothermal
injections such as those that arise in hot dry rock experi-
ment or cold water flooding of oil reservoirs. The latter
phenomena entails a triply coupled process among the
heat Sow, fluid flow and the host medium deformability.
Theoretical consideration (|Nowacki, 1862) and some
observations (Stephens, et al., 1982) kave pointed to the
important role of the thermal stresses in the deformation
processes of fractures. As mentioned above, scarcity of
data and complexity of the processes make a realistic
-simulation of the THM phenomena for the cases men-
tioned almost unattainable. However, availability of
aumerical procedures (Noorishad et al., 1084) allows
scoping analysis of some observations to be made. In the
following, such an attempt is made to explain the obser-
vations made in a2 case of cold water flooding of an oil
reservoir.

Theoretical Considerations

Field equations of the THM phenomena and the
general set up of THM initial boundary value problem
along with a numerical solution approach are given in
Noorishad, et al. 41984). This work also provides a basis
for an understanding of the role of the thermal stresses
in the THM phenomena through the inspection of the
stress-strain relationships. In these formulations, tem-
peralure appears in a way similar to pressure, with
Biot's coupling coeflicient (Biot, 1041) replaced by
E~/(1-v), where E and v are elastic moduli and ~ is the
linear thermal expansion coeflicient. Solutions of uncou-
pled thermoelasticity, such as that of thermal stresses in
an elastic thick-walled cylinder (Nowacki, 1962) provide
2 good insight. The variation in the tangential stresses
at the inper cylinder boundary, caused by a change in
temperature AT is given as
~EAT

T (1)
where a is the inner cylinder radius and tension is

assumed positive. A change in temperature of about
10°C can create stress variations from 1-10 MPa

ABM!:—:“

depending on the magnitude of the elastic moduii used
in the calculation. It is obvious that such stresses could
exceed the tensile stress of rocks in certain cases. To
investigate the role of thermal stresses in circumstances
where transport of energy is helped by fluid flow, and
also in conjunction with the mechanical aspect of the
flow of fluids, numerical techniques such as the code
“ROCMAS" (Noorishad, et al 1884) must be used.

Application

The numerical simulation in this work is motivated
by some qualitative information on cold water flooding
experiments performed in oil felds. In these experi-
ments, it was noticed that hydrofacing and/or re-opening
of existing fractures, in the warm reservoir, consistant!
took place at pressure gradients that were 1.5 x 1
MPa/m less than the expected values. For & reservoir at
a depth of about 3000 meters, the above reduction in
gradient implies a shot-in pressure reduction of about §
MPa. Equation (1) shows that this corresponds to a
10° C average cooling of the rocks near the well for a
hard host rock. Using the code ROCMAS (Noorishad et
al., 1984), a hypothetical 2D {xy) model of the. reservoir
was constructed to study this problem. Figure (1) shows
sketch of the geometry and the initial and boundary
data. As shown, the model contains a fracture that
spans the geometry. In the field experiments, the wells
are pumped at constant rates until well pressure stabil-
izes and then the rate is increased by a constant amount
and the procedure continues for a period of a day or
more, during which one or two hydrofracing episodes are
observed. A realistic simulation of the experiment is not
possible and the purpose of the work is to perform a
crude scoping investigation. [n our attempt coupled
steady state hydromechanical (HM) snapshots of of the
system response, at each hour, to constant injection pres-
sures of P = (27+1.6t,)MPa, is coupled to the transient
thermal apalysis at cumulative time t, The approxima-
tion is justified because of the large difference between
the fluid flow and heat flow time comstants. This
simplification and the overall modeling simplificaions
make the analysis s scoping one suited mainly for
phenomenological investigations. The fracture in the
model was assumed to be closed initially by assuming
that it has a very small aperture (10~'m). Pressurization
of the reservoir opens up the fracture elastically while it
still sustains compressive stresses. This increase in the
aperture allows further penetration of the pressure front
until the fracture goes into a tension state and hydrofrac
takes place. In the simulations, the ocecurrence of
hydrofrac is marked by instability of the system in the
solution. Presence of thermal stresses accelerates this
phenomenon. Figure (2) exhibits such bebavior which
are the resuitz of an isothermal HM calculstion and a
THM calculation of the model. As can be observed in



the figure, the system becomes unstable at an injection ;
pressure close to one order of magnitude less than that 24
of isothermal injection calculations. Figure (3) depicts
the advancement of the thermal front in the fracture and
Figure (4) displays the calculated TH and THM pressure

distributions in the fracture as they separates from each 1ar i}
other with the advancement of time.
Conclusion ST y

A hypothetical THM modeling of a cold water Scod-
. ing experiment of an oil reservoir is attempted. Prelim-
inary calculations with this model shows that hydrofrac
with thermal effect occurs an order of magnitude earlier
in time than the case where thermal effects are ignored.
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Table 1.
Data Used for Nonisothermal
Fluid Injection into Fractured Rocka
Material Property Value
Rock mass density, ps 25 x 103Kg/ m3
porosity, ¢ 20x 107!
Young’s modulus, E, 500 GPs
Poisson ratio, ¥, 0.25
solid thermal expansion 80x10%C"-!
coeflicient,
specific heat, C,, 21x 1071 KI/Kg C*
thermal conductivity, Ky, 7.65x 104
KJ/ms C*
permeability, k 25 x 10713 m?
Biots storativity constant, —Ll;I— 50GPa
Biots coupling coeflicient, & 10
Fracture initial aperture, 2b 10'm
Biot storativity constant, -;T 10 GPa
initia! pormal stiffness, k, 100 GPs
initial  stifiness, k, 10 GPa
friction angle, ¥ 30°
cohesicn, C 0.0
porosity, ¢ 10

Fig. 2. Variation of fracture aperture in respomse to

pressurization.
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NUMERICAL MODELING OF THE GROUND-WATER FLOW SYSTEM AT THE
LOCATION, HANFORD SITE. WASHINGTON

1.0 INTRODUCTION

The U.S. Department of Energy (DOE) has identified the Reference
Repository Location (RRL) at the Hanford Site, Washington, as one of
nine potentially acceptable sitesi for a mined geologic repository
for spent nuclear fuel and high-level radicactive waste. This
report will provide the NRC staff with assessments of groundwater
modeling studies that have been performed to date of the area in and
around the RRL. 1In this report the geologic and hydrologic setting
are characterized as a framework for evaluating hydrogeologic
conceptual models of the flow system(s) at the Hanford Site.

2.0 REGICNAL GEOLOGY

2.1 LOCATION

The RRL is in DOE's Hanford Reservation near Richland, Washiagtorn.

The RRL is in the central portion of the Cold Creek Syncline within
the Pasco Basin, a structural and topographic basin located within

the Columbia Plateau (Figure 1).

Ma jor surface features of significance in the area include:

The Columbia River, Umtanum Ridge, Gable Butte, and Gable
Mountain to the north:

Yazkima Ridge to the west;
Rattlesnake Mountains to the south:

The Columbia River to the east and Yakima River to the
south-east (Figure 2).

2.2 GENERAL GEOLOGY

The Columbia Plateau coincides with the distribution of Miocene
flood basalts of the Columbia River Basalt Group. The Plateau is a
large structural and topographic depression, with its low point near
the location of the RRL. The maximum thickness of the Columbia
River Basalt Group, including its interbedded sediments, is
approximately 5,000 meters (Mitchell and Bergstrom, 1983). The
flood basalts, underlain by metamorphosed sedimentary and volcanic
units, were erupted from a series of north-northwest-trending linear
vents (e.g., Waters, 196l1). Individual flows range in thickness
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from 2 few centimeters to approximately 100 meters, with most
-flowsbetween 20 and 40 meters thick. The basic disposal concept for
the Hanford Site is that the HLW would be placed in a repository
that would be excavated within the dense interior of one of the
"Columbia River Basalt flows.

The Columbia River Basalt Group has been divided inot 5 formations
and 19 members (Swanson and others, 1979; Camp, 1981) (Figure 3).
The areal distribution of the Columbia River Basalt Group is shown
on Figure 4. Because the Imnaha and Picture Gorge Basalts do not
crop out in the area of interest and because they are well below the
repository level, they will not be discussed further.

The Grande Ronde Basalt, extruded 17 to 15.6 mybp, is the most
areally extensive and volminous of the Columbia River Basalt Group.
The known thickness rages from tens of meters along the Plateau
margins to over 1,000 meters in the Pasco Basin. The obly regional
(i.e., at the scale of the Plateau) subdivisions are four
magnetostartigraphic units, indicated on Figure 3. However, at a
subregional scale, there are a number of "through-running" flows
that extend over areas of at least 250 square kilometers (Long and
Landon, 1981). Four of these through-running flows within the Pasco
Basin are currently being considered as candidate horizons for the
geologic repository (see Section 3.2.1, below).

The Grande Ronde Basalt is overlain by the Wamapum Basalt, extruded
14 to 13.5 mybp. The Wanapum Basalt has been subdivided into four
recognized members regionally (Figure 3).

The youngest formation of the Columbia River Basalt Group is the
Saddle Mountains Basalt, which has been divided into at least 10
members (Figure 3). The extrusion period, 13.5 to 6 mybp., was
characterized by declining volcanism, the deposition of interbedded
sediments (Ellensburg Formation), folding and canyon cutting.

The stratigraphy of the suprabasalt sedimentary formations is shown
in Figure S. The Ellensburg Formation is primarily weakly lithified
clastic and volcanoclastic sediments derived from the Cascades.
Units of the Ellensburg Formation are interbedded with and overlie
Wanapum and Saddle Mountains Basalts. Fluvial deposits of the

. :Mio-Pliocene ‘Ringold Formation overlie the Columbia River Basalt
Group. Pleistocene and Holocene deposits of alluvium, colluvium,
eolian loess overlie Ringold sediments.

The Cold Creek Snycline is one of a series of eastward-trending

folds that comprise the Yakima Fold Belt. The anticlines in the

fold belt are typically narrow, linear and somewhat assymetrical;

the synclines are typically broader than the anticlines. The

ridges, buttes and mountains listed in Section 2.1 are the surface
expression of the anticlines adjacent to the Cold Creek Syuncline.
Major faults are generally associated with the anticlines. Fault
plane solutions for shallow swarm earthquakes suggest that the faults



are reverse faultg parallel to the axial planes of the anticlines.
A generalized structure cross-section is presented in Figure 6.

Internal structures that formed during the emplacement and
subsequent cooling of the lava are termed "intraflow structures"
(DOE, 1984). Particularly important are the cooling joints that
produce polygonal columns are hackly blocks. 1In general, three

ma jor intraflow structures are regognized: Vesicular or brecciated
flow tops: irreqular and discontinuously jointed entablature near
the middle of a flow; and more reqularly jointed colonnade near the
bottom of the flow (Figure 7). The bottom of a flow is typically a
thin (approxlmately 0.5 meter) zone of fractured, glassy basalt. The
three major intraflow structures may vary in thickness, be absent
from a given flow, or occur repeatedly within a single flow. The
orientation of joints and fractures is typically nearly vertical,
but occasionally approach horizontal. Radiating Columnar joints
have been observed in surface exposures of basalt flows. Limited
core data indicates that there is secondary mineralization in
fractures.

3.1 PHYSIOGRAPHY AND GEOMORPHOLOGY

The RRL is located in the west-central portion of the Pasco Basin,
near the boundary between the Yakima Folds and the Central Plains
morphologic sections of the Columbia Intermontaine province. Shown
in Figure 8 are the major landform systems of the Pasco Basin. The
basin-and-valley terrain in which the RRL is located consists of
low-relief, sediment-filled portions of the Central Plains and
synclinal valleys of the Yakima Folds.

Four geomorphic units are defined within the RRL (Figure 9). The
Umtanum Ridge Bar and the 200 Areas Bar are gravel bars formed
during catastrophic Pleistocene flooding. The Central Hanford Sand
Plain was formed by the deposition of finer grained sediments on the
lee of the Umtanum Ridge Bar. The predominant materials are
granules of fine grained sand and silt. A Holocene alluvium along
Cold Creek is superimposed on the western portion of the Central
Hanford Sand Plain. '

3.2 STRATIGRAFHY

The stratigraphic units present in the Pasco Basin are illustrated
in Figure 10. The Columbia River Basalt Group is represented by the
Grande Ronde, Wanapum and Saddle Mountains Basalts. Interbedded
Miocene sediments are referred to the Ellensburg Formation. The
basalt sequence is overlain by semiconsolidated to unconsolidated
sediments of the Ringold and Hanford Formations and by
unconsolidated surficial deposits.



3.2.1 Grande Ronde Basalt

In the Pasco Basin the Grande Ronde basalt comprises at least 56
flows. The basalt is typically fine grained a aphyric or sparsely
microphyric with few consistent textural differences. Flows are
correlated on the basis of magnetostratigraphy and chemical
composition. Two informal "through-runner" units identified in the
basin are termed the Schwana and Sentinel Bluffs sequences. Four
flows in the Grande Ronde have been identified as potential
candidate horizons: the Umtanum Flow of the Schwana Sequence and
the McCoy Canyon, Cohassett and Rocky Coulee Flows of the Sentinel
Bluffs Sequence. Figure 1l is a generalized geologic section
through the RRL illustrating the subsurface distribution of the

ma jor stratigraphic units of interest.

3.2.1.1 Umtanum flow

The Umtanum flow is the lowermost candidate horizon; the top of the
flow lies at approximately 1059 to 1135 meters below ground surface
in the RRL. The Umtanum appears to be thicker to the northwest and
southeast of the RRL than it is in the center of the Cold Creek
syncline area. In the RRL, the Umtanum varies in thickness, ranging
from about 60 to about 70 meters (figure 12). The dense interior of
the flow also varies in thickness (Figure 13), but appears to be
everywhere greater than about 24 meters thick, based on current
borehole informaton. Within the RRL the brecciated flow top appear
to be quite thick and highly variable, apparently similar to the
exposed section at Emerson Nipple, based particularly on the results
from Borehole RRL-2.

3.2.1.2 McCoy Canyon flow

The McCoy Canyon flow is the lowermost of the Sentinelle Bluffs
flows: .top of the flow lies from approximately 1025 to 1090 meters
below ground surface. The flow generally thins from northwest to
southeast, ranging from about 45 meters to about 34 meters thick
across the RRL (Figqure 14). Multitiered intraflow entablature and
colonnade structures give a total dense interior of about 30 meters
across the RRL, but the dense interior has sporadic vesicular zones
that reduce the potentially available dense interior volume for a
tepository.

3.2.1.3 Cohassett flow

The Cohassett flow is stratigraphically near the middle of the
Sentinel Bluffs sequence; top of the flow lies 896 to 943 meters
below the ground surface. The flow is thickest in the central Pasco
Basin, is relatively constant near 80 meters in thickness across the
RRL, and thins to the southeast (Figure 15). Although the Cohassett
flow is the thickest candidate flow within the RRL, the multitiered
entablature/colonnade structures cannot be correlated from borehole
to borehole, and there is a laterally continuous vesicular zone of
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3 to 8.5 meters thicknese about 30 meters from the top of the flow
- that divides the dense interior into an upper and a lower zone
(Figure 16 and 17). The dense interior below the vesicular 2zone
ranges from 36 to 46 meters in thickness.

3.2.1.4 Rocky Coulee flow

The Rocky Coulee flow is the uppermost candidate horizon, occuring
in the upper third of the Sentinel Bluffs Sequence. The Rocky
Coulee flow thins from about 55 meters thick to about 43 meters
thick from west to east across the RRL (Figure 18). The dense
interior of the flow ranges in thickness from about 27 to about 47
meters, thinning significantly to the northwest across the RRL as a
result of vesiculation beneath the flow top (Figure 19).

3.2.2 Wanapum Basalt

Within the Pasco Basin the Wanapum Basalt consists of three members:
Frenchmen Springs, Roza and Priest Rapids. The Vantage interbed
separates the formation from the undelying Grande Ronde; the Mabton
interbed separates the formation from the overlying Saddle Mountains
Basalt. The total thickness of the Wanapum Basalt in the RR1l is
about 335 meters.

3.2.2.1 Frenchman Springs Member

The Frenchman Springs is the oldest Wanapum member and consist of 7
to 9 flows or lobes within the Cold Creek syncline. The flows or
flow lobes cannot be consistently correlated from hole to hole. In
the RRL it is about 215 meters thick, but thins abruptly onto the
Rattlesnake Mountain structure south of the Cold Creek Syncline.

3.2.2.2 Roza Member

The Roza Member is comprised of one to two flows or flow lobes in
the RRL, where it is about 53 meters thick. The Roza thins across
Rattlesnake Mountain and the Umtanum Ridge-Gable Mountain structure.

3.2.2.3 Priest Rapids Member

‘The Priest Rapids Member 'comprises the distinct Rosalia and Lola
flows, which appear to be present throughout the Cold Creek
snycline. The Priest Rapids is about 46 meters thick in the RRL,
thinning across the Rattlesnake Mountain and Umtanum Ridge‘Gable
Mountain structures.

3.2.3 Saddle Mountains Basalt

In the RRL the Saddle Mountains Basalt is represented by four
members: Umatilla, Esquatzel, Pomona, and Elephant Mountain Members.



3.2.3.1 Umatilla Member

The Umatilla Member comprises the Sillusi and Umatilla flows, which
together total about 70 meters thickness in the RRL. The member has
a wedge-shaped geometry, thinning to the north and pinching out ‘
north of the Umtanum Ridge-Gable Mountain structure and east of the
Cold Creek syncline.

3.2.3.2 Esquatzel Member

The Esquatzel Member consists of one to two flows or flow lobes,
locally separated by a vitric tuff; total thickness in the RRL is
about 70 meters. The member is confined to the southern and eastern
parts of the Pasco Basin, pinching out on the Rattlesnake Mountain
and Umtanum Ridge-Gable Mountain Structures.

3.2.3.3 Pomona Member

Although one to two flows are present in the Pasco Basin, within the
RRL the Pomona member is represented by only one flow, approximately
80 meters thick. As with the other members of the Saddle Mountains
Basalt, the Pomona thins over the anticlinal structures that bound
the Cold Creek syncline.

3.2.3.4 Elephant Mountain Member

Within the Pasco Basin the Flephant Mountain Member consists of two
flows, but in the RRL only the Elephant Mountain flow is preseant.
The flow is about 25 meters thick in the RRL. The member is
thickest in the eastern part of the Cold Creek syncline, thinning
both toward the Rattlesnake Mountain anticline and to the northwest
within the syncline, The Elephant Mountain defines the
top-of-basalt over most of the Cold Creek syncline on the Hanford
reservation.

3.2.4 Ellensburg Formation

The Ellensburg Formation is a Miocene fluvial sequence with
volcanoclastic sediments, interbedded primarily with the Wanapum and
Saddle Mountains Basalts. There are two distinct lithologies,
‘representing distinct provenance: volcanoclastic sediments
deposited as ashfalls and as fluvial sediments derived from the
Cascade Range and clastic plutonic and metamorphic sediments
deposited by westward flowing fluvial systems draining the Rocky
Mountains. Nomenclature of the Ellensburg Formation is given in
Figure 20.



. 3.2.%5 Suprabasalt Stratigraphy

The Columbia River Basalt Group (including the interbedded
Ellensburg Formation) is overlain across the Pasco Basin by Miocene
. the Holocene sediments. The suprabasalt stratigraphy is summarized
in Figqure 21

3.2.5.1 Ringold Formation

The Columbia River Basalt Group (and interbedded Ellensburg
Formation) are overlain over most of the Pasco Basin by the Ringold
Formation, dominantly fluvial sediments with some lacustrine and
fanglomerate facies (Figure 22). Within the RRL the Ringold
Formation is 105 to 215 meters thick.

Within the RRL the Ringold unconformably overlies the Elephant
Mountain Member of the Saddle Mountains Basalt. The basal Ringold
represents a fining-upward fluvial cycle, capped by a paleosol
formed on the fine grained uppermost materials of the cycle.
Laminated silt and clay of the lower Ringold disconformably overlie
the basal Ringold paleosol. Up to several meters of local erosional
telief separate the sandy gravels (with some intercalated sand and
mud) of the middle Ringold from the lower Ringold. The upper
Ringold, bedded and laminated sand and mud, conformably overlies the
middle Ringold. Shown in Figure 23 is an incised paleochannel in
the Ringold across the RRL, illustrating that the variation in
thickness of the formation is probably due primarily to erosion.

3.2.5.2 Plio-Pleistocene Unit

The Ringold Formation is unconformably overlain across the RRL by a
Plio-Pleistocene unit that consists of a fanglomerate and a
paleosol. The fanglomerate probably represents mass wastage of
material from the surrounding ridges. The fanglomerate is thickest
(up to 24 meters) beneath the Cold Creek Valley and thins and fines
to the northeast, where it grades into a paleosol formed after the
incision of the Ringolad.

3.2.5.3 Hanford Formation

Catastrophic late Pleistocene floods deposited coarse-grained (Pasco
Gravels) and fine-grained (Touchet Beds) facies sediments across
much of the Pasco Basin. The gravels are present at the Umtanum
Ridge Bar and itrs extension, the 200 Areas Bar (see Section 3.1).
The slackwater flood facies were deposited away from the gravel bars
and are most common in the southern and western parts of the RRL and
beneath the gravels of the 200 Areas Bar.



3.3 Structure

The Pasco Basin is located along the eastern margin of the Yakima
Fold Belt. Structures in the area are characterized by long, narrow
anticlines and broad snyclines trending generally eastward from the
western part of the Columbia Plateau to the Pasco Basin, where they
die out (Figure 24). Most of the major faulting is associated with
the anticlinal folds. Most of the faults are reverse faults
(including thrust faults) that are parallel or subparallel to the
axial planes of the anticlines: it is likely that these faults
formed during the deformation that resulted in the folding.
Structural relief on the anticlinal basalt ridges is up to
approximately 1200 meters, and the wavelengths of the folds are
typically 5 to 10 kilometers. Anticlines are typically concentric,
gentle to tight and upright to inclined. The tighter, inclined
folds are usually asymmetric, with the steep limb up to vertical or
even overturned. The asymmetric folds usually verge to the north.

Significant characteristics of major structures in the Pasco Basin
are summarized below.

3.3.1 Wahluke Snycline

The Wahluke Syncline is broad (up to 13 Kilometers), Asymmetric
trough lying between the Saddle Mountains structure and the Umtanum
Ridge-Gable Mountain structure: the southern limb is steeper than
the northern limb. In the lowest part of the syncline, the
top-of-basalt is approximately 61 meters below mean sea level.

3.3.2 Umtanum Ridge-Gable Mountain Structure

The eastward-trending structure extends 110 kilometers from
Ellensburg, Washington, to Gable Mountain. Within .the Pasco Basin,
the anticline is flanked by the Wahluke syncline to the north and
the Cold Creek syncline to the south. Maximum structural relief is
approximately 880 meters. The eastern Umtanum Ridge seqgment is a
complex structure: an asymmetric, overturned, eastward-plunging
anticline whose crestal surface splinters into several en echelon
folds along trend. Structural relief and complexity decrease toward
the center of the Pasco Basin, where the structure appears to be an
asymmetric, eastward-plunging anticline with a steeply dipping north
limb. Thrust faulting observed in the Priest Rapids Dam area to the
west is believed to die qut as structural relief decrease to the
east.

Gable Mountain and Gable Butte are surface expressions of en
echelon, eastward-trending, second-order anticlines and synclines
that are a structural segment of the large, first-order
northward-verging anticline. Three significant eastward-trending
reverse faults and one north-trending normal fault has been
described on Gable Mountain. It is likely that these tear faults
are associated with second-order folds, and therefore have likely



lengtha of about 1.6 kilometers or less. Fractures in fluvioglacial

" “sediments are continuous with reverse faults in the underlying

basalts.
3.3.3 Cold Creek Syncline

The Cold Creek syncline is a broad, open, asymetric,
eastward-plunging, almost flat-bottomed syncline that occupies the
structural low between the Umtanum Ridge-Gable Mountain structure
and the Yakima Ridge structure.

3.3.4 Yakima Ridge Structure

A group of topographic ridges are the surface expression of the
plunging anticlines, monoclines and faults that comprise the Yakima
Ridge Structure. Within the Pasco Basin, the dominant structure is
a northward-verging asymmetric, southeastward-plunging anticline
(Cairn Hope Peak anticline), whose southern flank includes two
monoclines, one of which may extend into a major fault zone of
uncertain geometry (Silver Dollar fault). The major structure
plunges into the basin as a series of second-order folds and
associated, probably reverse faults. There is a buried structural
high along the trend of the Yakima Ridge structure to the southeast
of the surface expressions. A saddle or shallow syncline with
possible faulting are believed to separate the two segments.

3.3.5 Benson Ranch Syncline

The shallow Benson Ranch syncline lies between the Yakima Ridge and
the Rattlesnake Hills structures on the western side of the Pasco
Basin. The syncline plunges to the east and apparently dies out
toward the Wye Barricade depression.

3.3.6 Pasco Syncline

The Pasco syncline is a broad, low amplitude depression with a
sinuous trend in the southeast part of the Pasco Basin. Overall the
syncline plunges to the north, dying out against the Wye Barricade
depression.

3.3.7 Rattlesnake - Wallula Alignment

The Cle Elum - Wallula lineament is a 200 kilometer - long, 40
kilometer - wide deformed belt that parallels the western and
southern boundaries of the Pasco Basin. Along the southwestern
boundary of the basin, the Rattlesnake Hills - Rattlesnake Mountain
segment is a major anticlinal structure. Geomorphic continuity
along strike to Wallula Gap is considered to reflect continuity of
deformation, probably as a right lateral strike slip or oblique slip

faulre.
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vesicular and brecciated basalt can form up to half the thickness. The
flow interios consiats of antablature and colonnade. The entablature is
composed of jointed rock with relatively mall columne (approximately 0.2~
to 1.0-meter (0.7~ to 3.0-foot) dismeter). The orientation of columns
ronges from vertical to horizontal. The colonnade consists of vrelatively
well-formed colusns (approximately 0.5- to 2-meter (1.6~ to 6.5-foot)
dismeter) with fewer frsctures then the entadblsture, Columns are normally
upright but radiste locally and exhibit a variety of internal features.

“ In some flaws, the santablatuve overlics a single colonnade; in other

flows, colonnade and entablature zones moy be vrepcated in the flow
interfor (Long and Davideon, 1961). The basal portion of s basalt flow ia
usually a thin (spproximately 0.5-metecr (1.6-foot)) zone of fractured,
glassy basale. Spiraclees (zones of fissured glassy rock) may extend o few
meters (feet) into the lower portion of a flow.

Fracture logging of basalt flove {ndicates that fracture sbundasnces
in cove asmples range from sppronimately | to 40 fractures per meter (leas
than } to 12 fractures per foot) {Long and WCC, 1984, p. 1-69). Most of
these fraccures have narrow widths (less than 0.5 aillimeter (0.02 inch))
now filled with multiple generatlone of secondary minerals. The exact
mineral distribution in fractuces will differ smong basalt flaws in
seaponse to varying depths of burial, Fracture widths, and basalt flow
composition. PRominant secondary minerals are clay, zeolite, ailica, and
pyrite (Long and Davideon, 1981, pp. 5-38 to 5-40). The volume of
unfilled fracturea, particularly in the dense interior of basalt Elows, il
typically snsll, less than 0.4 volume perceat.

2.1.1.1 Stratigraphy

Regional geologic maps at & wscale of | to 250,000 define the
stratigraphy and structure of the Colunbia Rivar Basalt Group thac is
gencrally coincident with the Columbia Plateau (Swanson et al., 1979a,
1981). A compilation of these maps shows a plateau-wide basalt
stracigraphy. Figuse 2-4 gives the stratigraphic nomenclature for the
Columbia River Basalt Croup of the Columbia Plateau. Basalt €lous
throughout the region csn be correlated through a conblnut\on of chemical,
paleomagnetic, and ficld techniques.

The Columbis River Basalt Group hss been divided into 5 formations,
19 mcmbers, and 4 informal paleomagnetic subdivisions {Swanson et al.,
1979b, pp. 6 and 7; Camp, 1981, pp. 669 through 678). The oldest
formation (epproaimately 17 million yesrs old), the Imnaha Basalt, crops
out only within the extrems southeastern portion of the Columbias Platesu
where it ia conformably overlain by flows of the Grande Ronde Rasslt. The
Picture Gorge Basalt that {s 15.8 to 14.6 nillion years old crops out only
in the southuestern portion of the plateau and is considered partly
equivalent in age to the Grande Ronde Basalt.

The Grande Ronde Baaalt ia the moet areally extensive and voluminous

unit of the Columbia River Basalt Group underlying mast of the Columbia
Plateau (Fig. 2-5). The basalt comprising this formation vas extruded
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3.0 HYDROLOGY

The Pasco Basin hydrologic system consists of four parts:
surface waters, unsaturated (vadose) zone, confined aquifers,
and unconfined aquifers. The confined and unconfined aquifers
will be discussed in this paper and the surcface waters and
vadose zone will be only discussed in the context of discharge
and recharge.

Ground-water movement in the Pasco Basin occurs in the dense
interiors, at the flow contacts, in the interbeds of the basalt
flows, and in the alluvium at the surface. Shown in figure 1
are the stratigraphic units of the study area. There are over
fifty basalt flows and associated rubble zones and interbeds in
the Pasco Basin.

3.1 PREVIQUS INVESTIGATIONS

A good general review of the Pasco Basin hydrology and geology
prior to 1972 was done by Newcomb, and others (1972). The
report contains a general description of the geologic and
hydrologic units in the Pasco Basin and a review of the
tectonic history of the area. The report also contains a
discussion of the history of ground disposal of radioactive
wastes. Gephart and others (1979) have summarized existing
hydrogeologic reports pertaining to the Pasco Basin with
emphasis on the deeper basalt flows. Meyers and others (197%)
have provided a compilation of borehole studies., geophysical
surveys, and tectonic studies.

3.2 GROUND-WATER FLOW

3.2.1 Unsaturated Zone

The unsaturated 2zone varies in thickness from several inches at
the Columbia River to over 300 feet thick in the 200 Areas
plateau (Gepharet, and others 1979). The role of the
unsaturated zone in this analysis of waste disposal in the deep
basalts is restricted to its effect on ground-water recharge.

3.2.2 Unconfined Aquifers

Unconfined aquifers in the Pasco Basin are mostly restricted to
the Hanford and Ringold Formations. Unconfined conditions may
be found in the Saddle Mountain and Wanapum Basalts in areas
where the alluvium is absent and the basalts are exposed at the
surface. The unconfined aquifer in the aluvium ranges from
very thin up to 250 feet thick along the eastern edge of the



repository site. The Hanford Formation extends below the water
table and is composed of coarse sand, gravel, and cobbles with
occasional finer grained sediments.

The Ringold Formation is dominated by a middle unit composed of
sorted sands and gravel with various degrees of cementing which
directly affects hydraulic conductivity. The lateral
boundaries of the wunconfined aquifer 1include the Saddle
Mountains to the north, Umtanum and Yakima Ridges on the west,
Rattlesnake and Horseheaven Hills on the south and a broad
monocline on the east. The bottom boundary 1is a thick
relatively impervious relatively extensive layer of silts and
clays above the Saddle Mountain basalts.

3.3.3 Recharge and discharge in the unconfined layer

Precipitation in the Pasco Basin ranges from less than 7 inches
in the area of the proposed repository to around 15 inches in
the Rattlesnake Mountain area. Gephart and others (1979)
estimate the precipitation over the entire basin at 800,000
acre feet annually or less than 8 inches.

Jones (1978) estimated that precipitation in the Pasco Basin
did not penetrate the soil deeper than 12 meters (39 feet) at
any time of the year. This limit would indicate there would be
no recharge due to precipitation. Consequently, recharge must
occur at the basin periphery., through inter-basin flow, through
stream loss mechanisms, or through artificial mechanisms such
as irrigation.

Most of the recharge for the unconfined aquifer probably
originates at the margins where runoff infiltrates the basalts
and alluvium and by the Columbia and Yakima Rivers losing water
during high stages. Some recharge occurs wwhere the upward
hydraulic gradient from the underlying basalts 1is sufficient
and conditions exist where water can move upward. About 20 to
40 percent of water put on fields during irrigation becomes
recharge (Gephart and others, 1979).

Liquid waste disposal ponds from ordinary industrial plant and
radiocactive waste disposal has caused "mounding" of ghe water
table at two sites and produced minor changes in the water
table elsewhere in the area (Newcomb and others, 1972). The
widespread effects of the mounds shows a rise of 80 feet below
U Pond in the 200 East area, a rise of 20 feet below B Pond,
and 10 feet below Gable Mountain Pond (Figure 4).

Discharge in the Pasco Basin is principally to the Columbia
River with some of the water going to the Snake and Yakima
rivers. A net discharge from the basin of about 2.657 million
acre-feet per year is shown in Figure 5.



3.3.4 Hydrologic Parameters

In the Pasco Basin, and in particular, the Hanford Reservation,
the principle hydrologic parameters tested for are storage
coefficient (specific yield), transmissivity, and hydraulic
conductivity. These parameters are obtained from aquifer tests
while outside the reservation the principle test 1is the
production test on irrigation wells. Gephart and others (1979)
and Guzowski (1982) have compilations of tables of tests of the
unconfined unit and lists of calculated conductivities (X),
transmissivities (T), and storage (S). Shown in Table 2 are
representative hydraulic parameters of the unconfined aquifer.

Most hydrologic parameters listed in Table 2 show an obvious
difference between the Hanford and Middle Ringold Formations.
The Hanford Formation has a hydraulic conductivity between 1000
and 10000 feet per day and the Ringold is a lot lower averaging
about 130 feet per day. Figure 4 1is a plot 1indicating a
correlation between hydraulic —conductivity and the unit.
Consequently, a unit composed of Ringold sediments, such as in
the area 699-31-31, that has a high conductivity indicative of
Hanford sediments may be showing the result of reworking
Ringold sediments with the fines removed and cementation
dissolved.

Representative hydraulic parameters of the unconfined aquifer
are shown 1in Table 3. The results indicate that permeable
Hanford Formation gravels occur along the northern and southern
flanks of Gable Mountain trending southeast to the Columbia
River. The Ringold Formation with its moderate to 1low
permeabilities is found throughout the Pasco Basin.

3.3.5 Hydro Chemistry

The major ion geochemistry of the ground water in the Pasco
Basin basalts has been summarized in Smith and other (1980) and
Guzowski (1981) summarized the major ion similarities in all
the Hanford waters in Piper (trilinear) diagrams (Figure 6). A
table listing the trace element concentration in ground water
at the Hanford Reservation is also provided (Table 4). Figure 6
will also be referred to in the discussion of the Saddle
Mountains, Wanapum, and Grande Ronde water chemistry.

3.4 CONFINED HYDROSTRATIGRAPHIC UNITS

3.4.1 Previous Investigations '

Before 1960, most hydrologic testing was done in the Hanford
and Ringold Formations because developed wells were mainly for
water supply. Because of the complex morphology of the rock
units in the Pasco Basin, determination of  hyydraulic
conductivity is difficult. Hydraulic parameters within a unit
are affected horizontally and vertically by flow morphology,



erosion, alteration, and the infilling of fractures (Guzowski,
1982).

In the mid 1960's a drillstem test was conducted of the Grande
Ronde and pre-Grande Ronde basalts in well RSH-1 across seven
76-foot long intervals with multiple tests carried out for each
run. Permeabilities and hydraulic heads were obtained from the
flow data and shut-in pressure data (Raymond and Tillson, 1968).

Borehole RSH-1 was re-tested by Gephart and others (197%) with
11 additional production and injection tests that were
conducted opposite specific zones. Summarized in Table 5 are
the basalt hydrologic tests prior to 1980 and the principal
organizations 1involved. Since 1979 many aqufier ‘tests have
been performed at the Hanford site. Some of them are discussed
below and many others remain in the form of "interval reports"
that have not been compiled or summarized.

3.4.2 Ground Water QOccurance

As described 1in the geology section, ground-water flow in
basalt is wultimately governed by the genesis of basalt. The
movement of & lava flow has a definite effect on 1its
permeability. In the study area, the basalts are composed of
successive layers of basalt interbedded with stream gravels and
interflow rubble that forms a high permeability layer. Older
flows have been compacted and undergone recrystalization.
Weathered flows have a high porosity but low permeability.
Sedimentary interbeds in the Pasco Basin consist of silts and
clays with intermitant sand and gravel lenses. The interbeds
are thickest in the center of the basin and thinning toward the
basin margin. Flow in the interbeds 1is poor to moderate
{Gephart and others, 1979).

Ground water moves through entablature and colonade fractures
in the dense 1interior basalt to the 1interbed material, flow
contacts, and bedrock structures (Figure 7). Shown in Table §
is the percentage of dense basalt compared to 1interflow and
sedimentary interbeds. Three trends are shown:

1) Percentage of sedimentary interbeds decreases with
depth.

2) Percentage of dense basalt remains nearly the same
with depth.

3) Percentage of interflow material increases with depth.

3.4.3 Flow Interiors

Horizontal hydraulic conductivities from ten hydrologic tests
of flow interiors using pulse and constant head injection test
methods at depths ranging from 350 m to 1190 m were less than
or equal to 1l0e-1ll1l m/s (l0e-6 ft/d) (Gephart, 1983). Lasala
and Doty (1971) and Newcomb (1984) also reported low



conductivities. Vertical conductivity tests are rare, but one
suggests a vertical conductivity of 1less than 10e-10 m/sec
(1l0e-5 foot/day) (Spane and others, 1983).

3.4.4 Flow Contact and Sedimentary Interbeds

Flow tops have a higher conductivity than flow interiors and
may extend over many square kilometers (several thousand).
Nearly 200 single hole hydrologic tests in about 35 wells
indicate hydraulic conductivities in the Saddle Mountains and
Wanapum basalts range from 1l0e-4 to 1l0e-7 m/s (10 to 1l0e-2
ft/day) with a geometric mean of about 10e-5 m/s (1 ft/day).
The Grande Ronde has a range of conductivities of 10e-5 to
10e-9m/s (1 to 1l0e-4 ft/s) and a geometric mean of about 10e-7
m/s (10e-2 ft/day) Gephart and others, 1983. Hydraulic
conductivities are consistent within a flow top and may vary
spatially only slightly. Also, ground-water flow in basalt
flow tops may occur in intervals less than one meter thick
which results in a high 1local permeability but a low
transmissivity.

3.4.5 Bedrock Structures

Pasco Basin bedrock structures, as discussed in the geology
section of this report, have areas where high conductivities
result in high anisotropy rations due ¢to fractures. These
zones of high conductivity may provide potential pathways
between flow systems above and below a repository.

Zones of tectonic breccia occur along the limbs of the gently
dipping anticlines and synclines. The 2zones are generally
about 1 meter thick and have an unknown lateral extent. A
thick 2zone (% meters) in the Frenchman Springs member of the
Wanapum was tested using a pulse technique and yielded
conductivities of approximately 1l0e-11 m/s (lQ0e-6 ft/day). -

synclinal troughs, such as the Cold Creek Syncline, are
difficult to assess as to the amount of fracturing that occurs
but it is assumed that less strain occurs on the nearly flat
lying strata. Nevertheless, observations of «c¢cliffs and
roadcuts indicate a network of tectonic fractures occur and may
extend tens of hundreds of meters (tens to hundreds of feet).
The genesis of the fractures is doubtful but may be the result
of cooling or related to deposition.

West of the repository site (Figure 8) is a bedrock "structure"
referred to as the "“Cold Creek Barrier® (DOE, 1984). The
barrier is almost normal to the Cold Creek Syncline and is an
impediment to ground-water flow as indicated by a hydraulic
head drop of 150 meters (S00 Feet) across the "structure”.



3.4.6 Alternative Flow Concepts

Sometimes data are too scarce to reach conclusions about a
particular flow system, consequently, alternative concepts may
be developed in order to concentrate efforts in the direction
of a narrow range of models suitable for detailed study.
Gephart and others (1983) have conceptualized four types of
ground-water movement (Fiqure 7). The concepts (quoted freely
from Gephart and others, 1983) are as follows:

e CONCEPT A: This «concept 1illustrates ground-water moving

principally within heterogeneous, permeable flow tops
separating flow interiors of relatively 1low vertical and
horizontal permeability. Upward movement into shallower

systems occurs as a result of (1) the positioning of flow where
the front of one basalt flow of limited extent terminates atop
a more continuous flow creating a direct conduit between two
flow tops, or (2) ground-water movement across low permeability
flow interiors over large areas. In concept A, local features
of relatively high permeability (such as thickening of flow top
breccia atop a spiracle) are not commonly juxtaposed.
Basically, Concept A depicts an anisotropic, heterogeneocus flow
system undisturbed by major folds and faults.

¢« CONCEPT B: In this concept, basalt flows are crossed by
bedrock structural discontinuities having potentially larger

"vertical permeabilities than the aquitards. On a local scale
of several square kilometers, such discontinuities might
represent individual tectonic fractures or shear zones.
Regionally, these features could depict major fault zones. If

rock movement has occurred, such structures could depict zones
where the lateral continuity of flow contacts 1is disrupted
causing a flow contact to terminate against a flow interior of
permeability. In this concept, structural discontinuities are
heterogeneities having the potential for vertically connecting
shallow and deep flow systems. Dependent upon the extent of
fracture mineral infilling and/or fine gouge material, these
discontinuities could act as high permeability conduits or
ground-water barriers. Overall, this concept depicts rock
volumes of —relatively 1low vertical 1leakage bounded by
structural discontinuities.

. CONCEPT C: This concept represents a flow systenm
characterized by lateral ground-water movement in £low tops
bounded by basalt interiors of relatively high leakage. The
anisotropy between flow top and interior is considerably less
than 1in Concept A. In this concept, ground-water movement
between deep and shallow systems occurs as a result of
stratiqgqraphic positioning/inter-section of £flow contacts and
vertical leakage through unfilled or partially filled cooling
fractures and other relatively high permeability primary
features that are juxtaposed.



¢ CONCEPT D: This c¢oncept superimposes bedrock structural
discontinuities on Concept C. As described under Concept B,
such discontinuities might act as vertical conduits and/or low
permeability barriers. This concept depicts rock =zones of
relatively high vertical leakage bounded by structucal
discontinuities.

3.4.7 Hydraulic Heads

Hydraulic head data from selected wells (Figure 9) can be used
to determine horizontal flow direction in a ©particular
hydrostratigraphic unit and the direction and magnitude of
potential vertical flow. In the Pasco Basin, values of the
hydraulic head gradient tend to be related to depth. Head
values in the Saddle Mountains Formation are erratic but seem
to increase with depth (Table 7). In the Wanapum (Tables 8 and
9)., values are uniform or decrease with depth. The Grande
Ronde Formation has head values that decrease with depth. in
the area of well DC-15, Grande Ronde values increase with
depth. Shown in Figures 10, 11, 12, 13, and 14 are the
available data on ©potentiometric levels on the Hanford
Reservation. The arrows indicate the direction of flow.
Gephart and others (1979) provide a summary which shows a
comparison of Hydraulic heads for boreholes DC-1, DC-6, and
DC-8 (Tables 10-12).

3.4.8 Additional Hydraulic Properties

The following is a discussion of additional hydraulic
properties at the respostory site:

Transmissivity

Transmissivity is the rate water is passed through a given
width of aquifer under a hydraulic gradient. Transmissivity
values in the Pasco Basin are from mostly unconfined aquifers.
The scarcity of data is the result of poor records, the method
of well construction, and the large intervals tested.

Storage Coefficient

The storage coefficient of confined aquifers is the volume of
water released from storage per unit surface area per unit
change in head. Storage coefficients for the confined aquifer
in the Hanford area range from about 1.0e-5 to 1l.0e-3.In the
Pasco Basin, storage coefficient values from 2 wells
penetrating the Wanapum and Grande Ronde Basalts range from
l.4e-6 to 3.0e-3 (Lasala and Doty, 1971). Higher permeability
zones along flow contacts have storage coefficient values of
1.0e-4 to l.0e-3 which are within the range typically reported
for confined aquifer systems (Gephart and others, 1979). The
storage coefficients at the lower end are probably

et ot o gs a e



characteristic of columnar basalts which are denser and
hydraulically tighter.

Porosity

Porosity is expressed quantitatively as the ratio of the volume
of pore space to the total volume. Effective porosity is the
volume percentage of connected pores through which flow can
occur. Basalts have many large isolated voids, consequently,
the total porosity is much greater than the effective
porosity. The basalt porosities are from the Columbia Plateau
(Table 13). The measurements are made on disturbed samples in
the laboratory and the effective porosities do not reflect the
actual effective porosity. Total porosity in the study area
ranges from 1less than 1% in the dense interior basalts to
greater than 30% in the scoriaceous =zones and effective
porosities range from O to about 2.5% (Guzowski, 1982). To
date, two tests have been performed within the Mccoy Canyon
basalt flow top on the same internal (Leonhart and others 1982,
1984). Estimates for effective thickness ranged between
2x10-3 to 3x10-3 meter (.006 to .0l feet). Effective
porosity of this flow top is between .01 and 1 percent.

Specific Capacity

specific capacity of a well may sometimes be termed the
productivity of a well or the rate of water pumped in gallons
per minute divided by the drawdown, in feet. Generally. high
specific capacity indicates a high transmissivity and 1low
specific capacity means low transmissivity. Tanaka and others
(1974) estimated transmissivities from the specific capacities.
Most specific capacity data in the Hanford area are from wells
east of the Columbia River (Gephart and others, 1979) or near
the «cities of ©Pasco and Kenewick, Washington. Specific
capacity data used to estimate hydraulic conductivity gives
ranges from .02 to forty feet per day for interflow 2zones.
Hydraulic conductivities of between .08 and 40 feet per day
were obtained when test zones penetrated are one or mMmore
interbeds. These ranges compare with other estimates of
conductivity for the Wanapum and Grande Ronde.

Longitudinal Dispersivity

The above mentioned tracer tests in the McCoy Canyon gave a
longitudinal dispensivity ranging between .6 and 1.7m.
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RHO-8WI-ST-5

e

Precigrtation/sinfiltration/Deen Jarcolaticn

2irameter
Precipitation (P)

gvapotranspiration (ET)
Runoff (RC)
PR = ? - ET - RO

s §,000 AF/yr

Stream Reach Inventory

Parameter
inflow (IF}, Priest Rapids Jam

Tributaries [TR) .

Return Flows (RF)

Outflow (OF), McNary dam

PSL = [F # TR + RF - QW - OF
* -2,313,000 AF/yr

Water Use [nventory

Parameter
Municipal (M)

tnaustrial (IN)

[rrigation ([R)

AFSvr

7%6,C00

7€0.0C0
0

(Prebable groundwater recharge
from precipitation)

AF/yr
87,230.000

£3,332,000
225,000
134,200,600

{Prodable groundwatar discharge 0

tne Jolumpia River)

AF /yr
& EL]
3,961 20,372
15,361 403,575
37,780 907,500

AR s 0.1 INg, » 0.3 Rg, = 313,000 AF/yr

We = 0.35 Mgy + 0.3 [Ngw + IRgy = 53,300 AF/yr

RAM = AR - WG
s 250,000 AF/yr

Net Exchange

Recnarqge Parameter
Precipitation {PR)

Stream loss (PSL)
Artificial mechanisms (RAM)
NR = PR » PSL + RAM

= -2,657,000 AF/yr

(Probable groundwater recharge
from artificial mechanisms)

AF/vr
6,000

-2,913,000
250,000

(Prabable groundwater discharge
from basin)

[r-87
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Stratigraphic_Interval

Hanford formation

Undifferentiated Hanford
and Middle Ringold unit

Middle Ringold unit

Lower Ringold unit

Region

North of Gable Butte and Gable
Mourtain

On the flank of Gable Butte and
Gable Mountain and along
paleochannels

Other areas on the Hanford Site

Throughout the unconfined
aquifer

Hydraulic Conductivity
(feet per day)

500 - 20,000
100 - 7,000
20 - 600
0.11 - 10
Transmissivity

(square feet per day)

4,000 - 25,000

40,000 - 600,000

2,000 - 40,000

Storage Coefficients

0.01 - 0.1
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TAIHJLJDﬂﬂ!lD. Results ol Pumping Tests Complited within the Unconfined Aquifer.
(From Gephod et L 1414)

s B o R B ¢ R B B L < T

Sources Hanf ord Hydraulic Coefficient
ol Test Site Tested Conductivily Transmissivityd of
_bata®  Coordinates® laterval® _ (fi/day) © o _ (£12/day) Storaged  Remarks
| 199-F7-1 MR-H 520 7,800 Data as reported
3 199-K-10 MR 53 4,500 0.04 48-hour test, observatien
wells
3 299-W21-1 MR 150 29,000 4-hour test
5 299-E28-15 MR-U 3,685 135,000 7-hour test, insufficient
stress
1 699-1-18 MR 61 10,000 2-hour test, variable
discharge
Ad
— 3 699-2-3 MR 420 26,000 . 6-hour test, variable 5
= discharge &
3 ' | B
2 699-8-17 MR 640 35,000 8-hour test ﬂ
3 699-8-32 MR 20 1,000 6-hour test e
i 699-17-5 MR 17 750 8-hour test
2 699-17-47 MR-LR 50 5,300 Multiple aquifers
3 699-20-20 MR 150 30,000 No drawdown data,
3-hour recovery
2 699-20-39 LR | 8 Short duration, poor well
construction
1 699-24-33 MR-H 8,600 373,000 Data as reported

2 699-26-15 MR 200 9,500 6-hour test




0/-111

Table 111-14 (continued)

Poor construction

Data as reported

Variable discharge rate
Data as reported
Variable discharge rate

No drawdown data,
5-hour recovery

24-hour test
48-hour test, observation

Insufficient stress

13 observation wells

Sources Hanford Hydraulic Coefficient
of Test Site Tested  Conductivityd Transmissivity of
Datad Coordinates® IntervalC (fFt/day) (Ft2/day) . Storage Remarks
2 699-28-40 LR 5
1 699-31-31 MR-H 7,000 246,000
3 699-31-53 MR 120 14,000 0.06 8-hour test
3 699-32-77 MR 260 57,000 6-hour test
3 699-33-56 MR 230 21,000 8-hour test
3 699-35-9 MR 220 11,000 4-hour test
2 699-36-61 MR 43 2,800 . 0.05
1 699-40-33 LR? 1.3 210
3 699-41-23 MR 190 28,000
3 699-42-12 MR-Hl 460 60,000
3 699-43-89 MR? 85 19,000 0.016
2 699-47-60 MR 80 3,300 " 7-hour test
2 699-55-50 H 9,100 594,000 0.07
wells
K] ‘ 699-61-66 MR-H 600 51,000
3 699-62-43 " 1,700 50,000 0.06
2 699-63-90 H 2,300 296,000

)

Insufficient stress

= 1ME-0HY

g
~
-

fol s
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Table [11-14 (continued)

Sources Hanford

Hydraulic Coefficient
of Test Site Tested . Conductivityd Transmissivityd of
Data®  Coordinatesd Interval®  (fl/day) ~ _ (ft2/day) —_ Storaged  Remarks
i 699-65-50 H 1,800 64,000 8-hour test
3 699-71-77 MR 84 1,600 4-hour test, variable
discharge rate
3 699-77-59 MR 175 13,000 0.03 24-hour test
2 699-84-135 LR 0.11 ' 4 Very short duration
2 699-87-55 MR 130 4,500 24-hour test
3 699-58-19 MR 57 9,100 Poor drawdown,
6-hour recovery
Y
1 699-512-3 MR-LR 7 280 8-hour test @
o)
4 10/28 14K MR-H 144,000 Data as reported -

S

S-

3ources of data:
1. Bierschenk (1959);
2. Deju (1974);
3. Kipp and Mudd (1973);
4. Newcomb and Others (1972).
5. Information on file at Rockwell Hanford Operations.

bRefer to McGhan and Damschen (1979) for explanation of lanford Site Coordinate System,

CTesten interval:

H - Hanford formation;
MR - middle member of Ringold Formation;
LR - lower member of Ringold Formation.

dglank spaces indicate information not reported.
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Table”&ég. Trace Element Concentrations in Ground Water at the Hanford Site

Confined aquifers of Grande Ronde Formation

Priest Rapids

Unconfined

Member of Upper Mabton Ground water at
Gephart Wanapum basalt, Interbeds Hanford Site
and others Gephart and Gephart and Gephart and
Apps and others 1979 1979 others 1979 others 1979 others 1979
Ag <0.010 - - -- -- - <0.010 0.002
Al ~-- - 0.11 <0.05 0.086 £0.020 ~ 2.170 <0.050 0.470
As <0.002 0.001 ~-= - -- -- 0.001 0.014
B -- - 1.39 0.10 0.013 <0.005 ~ 0.550 <0.00Y 0.150
Ba 0.150 <0.112 <0.005 0.027 0.053 <0.005 -~ 0.065 0.007 0.100
Br 0.201 0.285 -- -~ ~-= ‘ e
cd 0.007 0.089 <0.005 <0.005 <0.005 <0.005 ~ 0.009 <0.003 0.140
Co <0.017 0.047 <0.020 <0.605 <0.005 <0.005 <0.002 0.010
Cx <0.0002 <0.0004 <0.005 <0.005 <0.005 <0.005 <0.050 0.100
Cu 0.050 0.060 <0.005 0.005 <0.005 <0.005 <0.010 0.047
Fe 0.017 0.015 0.054 0.228 0.181 <0.005 - 4.700 <0.005 1.9
Mm 0.004 <0.009 €0.010 <0.100 <0.10 <0.010 <0.001 0.480
Mo 0.270 0.31 0.310 <0.020 <0.020 <0.010 <0.001 0.030
Ni 0.070 - <0.005 <0.005 <0.005 <0.005 - 0.030
Sr 0.012 0.003 <0.005 - - 0.009 - 0.111
Zm 0.260 0.240 0.096 <0.005 <0.015 <0.005 - 0.093 <0.005 1.6

//
/1.' sl O ""}h’(/ S
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TABLE 11I-19. Principal Organizations Involved in Basalt Hydrologic Testing.

Date

1968

1969

1917
1978

1978

88-111

1978

1978

1978-79

’L;r._:;-.-'
Organization

Raymond and Tidlson (1968)

LaSala and Doty (1971)

Gephart and Others (1979)
Science Applications,
Inc. (lslﬂg

Apps and Others (1979)

H. K. Swmers and
Associatest

Rockwell Hanford
Operations *+

Rockwel) Wanford
Operations »+

(S v s

w17 vieid A5 <yt ¢ /’.,

Boreholet** Hork Accomplished

RHS-1

oc-1

RS-
Be-2
bc-2

Be-6

De-8
ne-6

pg-1,2,4
5,2,9,10,
12,13,14
and -8

bi-

Several
hareholes.
Reter to
text,

7 OST and 7 head measurements

4 pumping tests

}) fluid injection and withdrawal tests
22 head measuremeats

Water samples

1 withdrawal and injection lests
Water samples

6 injection tests
2 head measurements

6 head measurcnents
1 water sample

15 head measurements
12 flow tests
1 water sample

4 head measurvments

5 injection tests .
9 head measurcments

20 hesd measwrements
12 pump tests

Water samplis and head weasus cments

Punp tests, water Samples,
and head measur ements

sflata on file in the Basalt Hasle lsolation Project | ibrary.
*sResults of data analyses presented in this veport.
aaaMcGhan and Damschen (1979).

Basalt Vested

Grande Ronde and
pre-Grande Ronde

Saddle Mauntains,
Wanapum, and
Grande Ronde

Grande Ronde
Grande Ronde
Grande Ronde
Grande Ronde
Wanapum

Grande Ronde

Saddle Mountains

Hanapian

Saddle Muuntatns
and Hanapin

T R e TR e R B U B U P~ I TR BT~ B — TN - WA W AT

- 11g-OHY

R 1



. ; RHO-BWI-$F5
& TABLE ===, Gernerai Basalt Lithology Given as a
.. Percentage of Formation Thickness QJrilled in
§« Sorshole DC-1.
% (Af*er LaSala end Doty, 1971.)
= Interflows of
Ef&* ~ Columbia Interval Dense Vesiculer or
k-2 . River Thickness Basalt Brecciated Sedimentary
el gasalt (Ft) (%) Basalt (%) Interbeds (%)
.. Gt
;3“ "+ Saddle Mountains 625 54 4 42
E;; R Hanapum 1,120 61 . 11 28*
™ * Grande Ronde 2,055 62 3

S e T n
A, -
Tl e~

R
T g

*Percentage probably high because

LaSala and Doty (1971) reported several
%>~ weathered basalt zones as tuff.

z- - -~
AR P ;4_,-/4;\49,1 Tty po EF -q:
TE Fepen Gt
i Py
: s
v ‘s
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v
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RHO-BWI-ST-5

TABLE Z===2v Hydraulic Heads within Selecteq Stratigraphic Intervals
in the Saddle Mountains 3asalt. .

Borehole
[dentification*

0B-1
0B-2
DB-4
DB-5
0B8-7
08-9
0B-10
08-12

0B-13

0B-14

0C-1

OH-8
WPPSS-3
699-14-£6Q
196-H4-2

From quu

Aquifer*x
Mabton
Mabton
Mabton
Mabton
Mabton
Mabton
Mabton

Selah
Mabton

Hydraulig®**
Head

Elephant Mountain interflow 1978

Rattlesnake Ridge
Cold Creek

- Mabton

Rattlesnake Ridge
Selan

Cold Creek

Mabton

Selah

Cold Creek

Mabton

Mabton
Rattlesnake Ridge
Rattlesnake Ridge

Rattlesnake Ridge

Year of Elevation
Measurement (feat)
1979 -385
1979 385
1979 419
1979 407
16879 404
1879 403
197 405
1978 402
1979 402
417
1978 418
1978 420
1979 421
1978 449
1973 424
1978 423
1979 422
1969 407
1969 402
1969 400 (?)
1979 403
1979 380
1969 389
1963 414

*Refer to McGhan and Damschen (1979) for explanation of Hanford Coordinate

System.

**[nterbeds except where noted.
***Accuracy + 0.1 foot, except OC-1 which is # 20 feet,.

Elevations in feet above mean sea level.

[II-96
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RHO-BWI-ST-5

D

TABLE f&%==2, Hvdraulic Heads within the
Aanapum 3asalt in Borehole DC-1.*

Test Interval Head#***

(feet below (feet above

ground levell* = mean sea level) Comment

820 - 1,10 402 Straddles bottom of

Saddle Mountains and top of
Wenapum Basalt

1,130 - 1,190 409

1,330 - 1,320 405 Value estimatad

1,60 - 1,750 405

1,760 - 1,350 407

1,970 - 2,150 aQ7 traddles bottom of Wanapum

and top of Grarde Ronce Basalt

*Qata from LaSala and Doty (1971).
**Ground level elevation 572 feet.
***Accuracy + 20 feet.

[rr-101
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RHO-BWI-ST-5

TABLE jmeem==x3, Hydraulic Heads within the -
Wanapum Basalt in Borehole DC-8.*

Test Interval Head***
(feet below (feet above
ground level)** mean sea level)
1,710 - 1,740 433
1,810 - 1,840 431 e
1,990 - 2,020 435
2,033 - 2,063 422 B

*Apps and Others (1879).
**Ground level elevation 545 feet,
***RQeported accuracy * 2.5 feet.

[II-104



RHO-BWI-ST-5

TABLE ééééés. Hydraulic Heads within the
Grande Ronce gasalt of 3orehole DC-1.

Test Interval* Head
(feet below (feet above

ground level) mean sea level) Comment **

1,970 - 2,160 407 Straddles bottom of
Wanapum Basalt and top
of Grarde Rorde Basalt

2,170 - 2,225 406

2,430 - 2,610 403

2,600 - 2,730 402

2,730 - 2,910 411

3,146 - 2,236 411

3,166 - 3,196 409

3,206 - 3,246 403

3,320 - 3,451 408

3,774 - 3,934 379

3,910 - 4,070 366

4,080 - 4,283 368

*0ata from LaSala and Doty, (1971). Ground level elevation 572 feet.
**Head measurement accuracy * 20 feet.

[11-110
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RHO-BWI-ST-5

TABLE ===27. Hydraulic Heads Reportad For the

Grande Ronde Basalt in Borehoie 0C-2.

Test Interval Head®
(feet below Rock (feet above

ground level)C Densityd mean sea level)
32,269 - 2,299 4igh 470

;' 2,340 - 2,370 Low 443

; 2,625 - 2,655 Low 438
2,795 - 2,825 Low 421
2,960 - 2,990 Low 395
3,160 - 3,190 Low 377
3,243 - 3,273 Low 362

' b5 ,344 - 2,376 Low 244
2,376 - 2,409 High 423

: 2,955 - 3,007 Low 419

! 3,019 - 3,071 High 421

| 3,069 - 3,122 High 445

5 3,116 - 3,170 High 423

;g

meref

[amadand Lo (L] ] srowif .

3
.
. a—

a/pps and Others (1973).

bpata from Science Applications Inc. (1978).

CGround level elevation 572 feet.

diow density--Test straddled at least one zone of low-density
(=2.4-2.6 grams/cubic centimeter) basalt. High Density--Test
straddled only high-density (=2.7-2.3 grams/cubic centimeter)
basalt. Densities were determined by geophysical log
interpretation.

€Head accuracy of + 2.5 feet reported by Apps and Others (1979).

: I11-118



{“3 R RHO-BWI-ST-5
{
TABLE égggég. Hydraulic Heads Reported for the
{ Grande Rondg 3asalt in Borehole 0C-6.2
- Test Interval Headd
3‘“ - (feet below Rock (feet above
' ground level)d DensityC mean sea level)
x x2,240 - 2,270 Low 450
v 2,400 - 2,430 Low 447
!;: 2,454 - 2,484 Low 456
v 2,708 - 2,738 Low 423
C 2,896 - 2,936 Low 454
'7fl7'>~ 3,025 - 3,055 Low ° 460
e 3,343 - 3,373 Low 443
borm o 3,620 - 3,650 Low 421
NS 3,650 - 3,680 Low 432
17, 3,683 - 3,713 Low 429
L 3,692 - 3,722 Low 432
g'ﬁif*f‘ 3,341 - 4,336  Several high and Tow 426
L 3,477 - 4,336 Several high and low 437
oo 3,601 - 4,336  Several high and low 434
! 3,802 - 4,336 Several high and low 466

3apps and Others (1979).

bGround level elevation 402 feet.

Clow density--Test interval includes at least one zone of
low-densityebasalt which normally corresponds to an interflow
zZone. High density--Test interval in
high-density basalt which normally corresponds to a section of
columnar basalt. A

dHead accuracy + 2.5 feet as reported by Apps and Others (1979).
Head elevations are above ground level. Artesian flow is ~10 gpm.

[11-123
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Table F=l. Porosity of Basalt - Columbia Plateaun

LOCATION OR

S0URCE BASALT UNIT TOTAL #(%) Effective ¥ (%)
Colorado School of Mines (1978) Pomona flow . 0.96->37.8 -
Deere and Miller (1966) Columbia River basalt - 0.75-1.92
Duvall and others {(1978) Pomona flow - 1.60~2.39
Erikson and Krupka (1980) Pomona flow - 0.50~0.60
Foundation Sclences Inc. (1980a) Pomona flow 2.71-8.14¢ 0.5 -1.4
Foundation Sciences Inc. (1980b) Pomona flow 1.0 -7.7¢ 0.1 -0.6
Foundation Sclencea Inc. (1980c) Pomona Umtanum f£lows 0.71-9.68° 0.19-1.85
Foundation Sciences Inc. (1981) Umtanum flow 0.71~9.68°¢ 0.19-2.06

u Nace and othars (1959) Columbia River basalt 3.8 -24.8 -

- Padnieks and others (1972) Columbia River basalt - 2.0
Robartson (1970) Columbia River basalt 18.5¢ -
Schmidt and others (1980) Summary, Hanford basalts - 1.5 ~2,84
Stephenson and Triandafilidis (1974) Columbia River basalt 2.2 -
White and Sarcia (1978) Columbia River basalt 0.55-3,84 0.18-1.34



4.0 Review of Ground-water Flow Models of the Hanford Site

This contains reviews of available groundwater flow models of
the Hanford site. The reviews are designed to provide a brief
description of each model, its limitations and assumptions, and
its relevance to NRC licensing rules. Following the reviews is
a summary of all the modeling efforts at the Hanford site.



REFERENCE :

Arnett, R. C., 1980; "Far-Field Modeling: Simulation of the
Natural Groundwater System in the Pasco Basin," in Basalt Waste
Isolation Project Annual Report - Fiscal Year 1980;
RHO-BWI-80-100

PURPOSE OF THE STUDY:

.

Understanding the groundwater flow systems in the Pasco Basin
and 1identifying data and conceptual model limitations and
calculating preliminary travel times.

SQURCES OF DATA:

Spane, F. A. Jr., 1980, RHO, BWI-80-100



DISCRETIZATION: (see Figure 4)

—

Layer discretization is given in "hydrostratigraphic units."

IMPLEMENTATION OF BOUNDARY CONDITIONS: Not described.

IMPLEMENTATION OF INITIAL CONDITIONS:

Not important for steady-state simulacion.

L]

MODEL CALIBRATION:

Data Set Used for Comparison

See Spane 1980, RHO-BWI-80-100 and figure 5. Note: only
Mabton heads used for comparison.

Type of Calibration Procedure: Trial and error
Type of Statistics Relating Model to Measured Heads: None

Accuracy of Calibrated Model:

All calculated heads are substantially above the measured
heads )

SENSITIVITY ANALYSIS: None
MODEL_ RESULTS: The authors state the following results:

Hydraulic Heads: (Note: only the heads for the top of the
Wanopum Basalt are reported)

1) A composite hydraulic conductivity ratio of 10-%
to 10-5 provides a better match of the “"relative
pattern” of the hydraulic head surface than a ratio of

10-2,

2) With a composite hydraulic conductivity of 110-%
to 10-5, the wvertical pathway from a potential
candidate site is a significant portion of the total
path in terms of overall travel time to the biosphere.

3) The problem of the model-calculated heads being
nsignificantly® higher than the measured heads |is
attributed to absence of the "Cold Creek Syncline
Barrier" in the model.



Fluxes:

No information on model-calculated fluxes was provided.

Travel Times

No travel times were reported. However, Figures 6 and 7
reveal significantly different flow directions from the
location of a hypothetical —repository. For anisotropy
ratios of 10=2 to 10-3 (Figure 6), the inferred
direction of flow is to the north/northeast toward the
Columbia River. As revealed in Figure 7, anisotropy ratios
of 10-% to 10-5 produce flow toward the north., then
vertically upward. This letter path would probably result
in longer travel times to the accessible environment (that
is, a given distance from the repository) because of the
additional time spent in law permeability dense flow
interiors.

Significance to Licensing

If the assumption was made that these model results
represent the "true" hydrologic conditions of the Pasco
Basin, then the indicated longer travel time would aid the
DOE in meeting the 1000 years ground-water travel time of

LOCRF60.
EVALUATION:
« Conceptual Model

The most important aspects of a steady-state model are
the boundary conditions and the choice of 1layering.
Unfortunately, very 1little information was provided
about the boundary conditions and the discussion of
layering is internally inconsistent. Below 1is a
discussion of each of these important aspects of the
conceptual model.

- Boundary Conditions

s« Bottom

There is no explicit description of the of the
bottom boundary. I assume, however, that it
has been treated as a no-flow boundary. The
exact nature of this boundary has not been
determined as there is an extreme paucity in
any unit below the Wanapum Basalts. There is
a possibility that the Pasco Basin 1is a
discharge area for regional flow in the flood



GEOHYDROLOGIC FRAMEWORK: (Conceptual Flow Model)

Hydrostratigraohic Units - See figure 1

Selection based on "groundwater head and chemistry
measurements.™ That is, reversal of hydraulic head
gradient with depth and abrupt changes in <chemical
composition with depth (see figure 2). Note, however, that
the layers shown in figqure 1 do not correspond with the
model reported in this study which includes only the Grande
Ronde Wanapum, and Saddle Mountains basalt along with
possibly the alluvium as an upper boundary condition.

Hydraulic Parameters

Listed in Table 1 are the parameters used as a starting
point. However, presented results are not for these valves
but correspond to ratios of Kv/Kh shown in Table 2.

BOUNDARY CONDITIONS:

The location of the model boundaries is shown in Figure 3.
These boundaries correspond to the surface-water drainage
boundaries of the Pasco Basin. The type of boundary
condition imposed at these locations is not discussed but
the report. indicates that they are fixed potential or
constant-head boundaries. I could not ascertain whether
the top boundary was a recharge boundary or fixed
potentials representing the elevation of the rivers and the
water table in the sediments. ‘

NUMERICAL IMPLEMENTATION:

¢ CODE DESCRIPTION

Name: RHAFE - Rockwell Hanford Finite - Element
Model

Reference: Gupta, S. K., Tanji, K. K., and Jon
Luthin; 1975 A Three-dimensional Finite
Element Groundwater Model: Contribution
Number 152, California Water Resource
Center, University of California. (version
of FE3D6W?)

Dimensions: 3

Equations Solved: Steady-state and transient isothermal
ground-water flow equations :

Method of Solution: Finite element



basalts. If this 1is the case, then treating
this boundary as impermeable <could produce
unrealistically vertical gradients, and
exaggerated travel times.

e Top and Lateral Boundaries

The treatment of these boundaries 1is not
described by the authors. My guess is that
they were treated as a constant hydraulic head
boundaries with heads being equal to the
water-table elevation for the top boundary and
equal to heads measured from wells near
completed in the appropriate units £for the
lateral boundaries. This would be consistent
with other modeling studies of the Pasco
Basin. However, the document seems to make
contradictory statements with regards to the
lateral boundaries. on page III-S1., the
authors state that the boundary conditions may
need adjustment but appear to be in the proper
range. This statement suggests that the
boundaries were treated as constant heads.
However, on. Figures 6 and 7 (this report) the
model-calculated heads are different at the
boundazy for the two cases. This would not be
possible if the Dboundaries were <constant
heads. In a steady-state simulation, these
held ©potentials will dominate the model
results. The adequacy of employing these
conditions depends on the data needed to
support them in terms of their input wvalue and
measures of the resulting output. That is, a
head valve is needed at wevery computational
point along the boundary. If hydraulic head
data are scarce, as they are for most basalts
within the Pasco = -Basin, then a large
uncertainty is introduced by interpolating or
extrapolating valves to the boundary. In
addition, these 1input head valves along with
the input hydraulic conductivities result in a
model-calculated flux across the boundaries.
Unfortunately, no information on the real flux
exists thereby eliminating the possibility of
cross-checking the accuracy of the boundary
conditions.

In summary, the lack of a description of the
type and possible wvalves of flux or head
assigned to the model makes the evaluation of
the boundary conditions impossible. Also,
because the boundary <conditions dominate



steady state simulations, the ability to
evaluate the overall modeling effort is
severly limited. -

-Hydrostratigraphic Units

Several questions arise in evaluating the
hydrostratigraphic units simulated 1in this
study: 1) Which units were simulated?, 2) How
were the units chosen?, and 3) How are model
results affected by this choice?

Shown 1in Figure 1 are the five 1layers the
authors state have been simulated. However,
in their "SUMMARY OF RESULT.," they indicate
that four layers were simulated. One possible
resolution of this descrepancy is that the top
layer was held as a constant-head boundary.If
this were true, then the model would have five
layers of which only the lower four were being
simulated. However only three 1layers are
mentioned. This could mean that the three
basalts were simulated and the top layer was
held as constant heads.

Due to the complexity of the flood basalts, no
unique set of hydrostratigraphic units
exists. In addition, even if every zone of
different hydraulic propecties could be
identified and characterized sufficient
computer recources do not exist to simulate
all-of them. The units that were chosen were
on the basis of changes in the geochemistry
and hydraulic heads with depth. These may or
may not be indicators of distinct
hydrostratigraphic units. However because
some lumping of smaller units will always be
necessary, a more important gquestion is what
affect the choice of units has on model
results. Of course the obvious effect is to
lose detail of the hydraulic-head
distribution. Perhaps less notable 1is the
incorrect travel path that would be predicted
by a grid which 1is 1less detailed than
reality. 1In addition., any comparison of model
results to measured values requires some
interpolation or 1lumping procedure for the
measured parameters. This introduces
additional uncertainty into model calibration.



Numerical Implementation

Except for the finite-element grid, no details
of numerical implementation are provided in
the document.

Model Calibration

The only <calibration that was ©performed
involved adjusting the ratio of wvertical to
horizontal hydraulic conductivity for the
three basalt layers. the resulting
hydraulic-head surface for the top of the
Wanapum was then subjectively compared in the
same measured - surface. All simulations
resulted in heads that are significantly
higher than the measured values in some places
at least 10Q0ft. However the authors believe
the simulations with lower ratios of vertical
to horizontal conductivities produced a
“relative pattern® of hydraulic heads that
more closely resembles the measured heads.

Following is a summary of my evaluation of the
model calibration:

1) Insufficient data, 1in terms of input
parameters, boundary conditions, and data
used for model comparison is provided to
allow for a complete evaluation of the
model calibration.

2) The fact that all model <calculatioas
produce heads that are too high |is
indicative of a systematic plan flow in
either the model set up or the model
parametecrs. If the top and 1lateral
boundaries of the model are being held at
a constant hydraulic heads which were
interpolated from measured valves, then
the most liekly cause of the high heads
is that the model hydraulic
conductivities are too low. If the top
boundary 1is a recharge condition., then
the amount of assumped recharge could be

too large.

3) Assuming that: a) the shape of the
potentiametric surface presented in
figure S 1is accurate; b) the model
boundary conditions are held potentials
with valves being close to the "real"
valves; and c) the shape of the
model-predicted potentiometric surface



would not change as a more . accurate
calibration 1is achieved; then the fact
that lower conductivity ratios produce a
more realistic pattern of hydraulic heads
indicates that the 1lower wunits are
controlled more by the shape of the basin
and perhaps a more regional flow system
than by the Columbia River.

4) The authors believe that 1if the Cold
Creek barrier were included in the model
the overall calibration would improve.
This is unlikely as heads in all regiouns,
even far to the south, are too high.

S) Even though the lower conductivity ratioes
appear to produce more realistic patterns
of hydraulic heads, the absolute valves
of heads for the higher ratios are closer
to the measured valves.

Sensiﬁivity Analysis: None performed
Model Resulcts.

The fact that this model has not been
calibrated combined with the lack of
information on boundary conditions makes any
results from this model highly suspect. At
best, the significance of this study was to
parameterize the wvertical to horizontal
hydraulic conductivity ratios. However,
even these results are not reliable given
the 1inability of the model to produce
accurate hydraulic heads in any region.



TABLE 1. Baseline Material Hydraulic Conductivities Used in
Calculating Basalt Composite Conductivities

Layer Values*

Percent of Total K (m/d)
Basalt Material Basalt Thickness (feet per day) Kv Kh Kv/kh

Saddle Mountains Basalt 60 10-6

Interflow 20 10 1.7E-6 4 4E-7

Interbed 20 10 ’
Wanapum Basalt 60 10-6

Interflow 35 10 1.7E-6 4 4E-7

Interbed S 10
Grande Ronde Basalt 60 10-6

Interflow 39 10-2 1.7E-6 .1 1.7E-S

Interbed 1 10

*Data from RHO-BWI-80-100

TABLE 2. Ratios of Kv to Xh used to Produce Model-Calculated
Heads in RHO-BWI-80-100

Baszlt

Simulation 1
{see figure)

Simulation 2
(see figure)

Saddle Mountains

Wanapum

Grande Ronde

2x10-3
8x10—3

3x%10~—2

2%x10™3
8x10-3

3%10-4
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GEOCHEMICAL SENSITIVITY ANALYSIS FOR PERFORMANCE |
ASSESSMENT OF HLW REPOSITORIES: EFFECTS OF SPECIATION
AND MATRIX DIFFUSION*®

M. D. Siegel and K. L. Brickson, Sandia National Laboratories, Albuquerque, NM
87185

ABSTRACT

Performance assessment requires calculating radiecnuclide ¢ischarge for many
sets of conditions and scenarios. In general, such calculations use empirical
retardation factors that describe the average effect of all radionuclide/fluid/
rock interactions. This method, however, may underestimate radionuclide dis-
charges and disguise potential violations of regulatory standards. An alterna-
tive approach, coupled reaction-transport models, can be used to obtain a
detailed understanding of physicochemical phenomena but the general application
of such rigorous models may be impractical in repogsitory performance
assessment.

The cbjective of this geochemical sensitivity analysis is to use simple,
approximate models to calculate upper bounds for radionuclide dlscharges and
to identify physicochemical conditions where more cigorous theoretical trans-
port calculations must be done. An approximate model is given for bounding
discharges of radionuclides in porous rock in scenarios where radicactive pro-
duction is negligible but decay is appreciable, and several nuclides of an
element migrate and undergo a speciation reaction. The model is incorporated
into a methodology to determine critical combinations of hydrological and chem-
ical parameter values that result in discharges that violate the HLW standard
proposed by the U.S. Environmental Protection Agency (AOCFR 191). A3 an exam-
ple, the methodology is applied to the discharges of 243am and 237wp from
a reference repository. It also is shown how results from the sensitivity
analyses can be used to develop criteria for designing laboratory experiments
so that effects of significant speciation reactions will be detected. Approx-
imate methods for calculating radionuclide discharge are given for extending
these analyses to transport in fractured rock where diffusion of radionuclides
into the matrix may occur.

INTRODUCTION

Geochemical interactions between radionuclides and rocks are but one of
several barriers to the transport of radicactive waste from proposed HLW
repositories. Performance assessment calculations consider the roles of the
waste package, engineered facility and hydrogeochemistry of the repository
site in limiting potential releases of radicactivity. The overall cbjective
of geochemical sensitivity analysis is to assess the relative contribution of

*This work was supported by the United State Nuclear Regulatory Commiszsion
for the Office of Nuclear Material Safety and Safeguards and perforied at
Sandia National Laboratories which is operated by the U.S. Department of Energy
under contract number DE-AC04-76DP00789.
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the uncertainty in geochemical data and models to the overzll uncertainty in
the predicted performance of candidate HLW repositories.

In the past, performance assessment calculationsl~3 have used simple
models toc represent complex geochemiral processes. In particular, solute-
water-rock interactions have been represented with retardation factors calcu-
lated from empirical sorption ratios (Kd, Rd, or Rs)4+3 obtained under
conditions which simulate the range of environments predicted to prevail at
specific repository sites. Figure 1 illustrates the general structure of
calculations carried out at Sandia National Laboratories to assesg compliance
of hypothetical HLW sites with the proposed EPA Standard 40CFR Part 191.6
More detailed discussions of these calculations can be found in References
1-3. In these calculations the discharge of radionuclides at the accessible
enviconment is calculated over a ten thousand year period. The use of simple
algorithms to represent geochemical processes has been justified in part by
the ccmplexity of the calculation of integrated discharge for solutes which
are affected by radicactive decay and production. In addition, statistical
sampling of model input parametera7 and a large number of calculations are
required to represent the uncecrtainties in possible hydrogeologic and
geochemical conditions at the candidate HLW sites.8»

The adequacy of the use of simple retardation factors and sorption ratios
in calculations of radionuclide discharge and the utility of the large amount
of sorption data that have been collected by the Department of Energy and its
contractors have been questioned by a number of researchers. =12 1
general, the speciation of the radicelements in the sorption experiments is
not known and sorption behavior cannot be confidently predicted for conditions
that differ from those of the experiments. Radionuclides are not introduced
into the experimental solutions in the forms that would be released from the
nuclear waste, and the relatively short duration of the experiments may pre-
clude detection of any slow speciation reections that could change sorption
behavior and lead to increased radionuclide discharga.13

SAMPLE DATA CALCULATE GROUND-WATER
RANGES VELOCITY

[ ®*CALCULATE R FOR EACH RADIONUCLIDE

. IN MATRIX (AND FRACTURE)
TRANSPORT PARTICLES -
Lo A A A OE .. 'THROUGH FRACTURE - |
_AND DIFFUSE* INTO MATRIX :
INTEGRATE DISCHARGE CALCULATE RADIONUCLIDE DISCHARGE
OVER 10,000 AT ACCESSIBLE ENVIRONMENT FCR
YEARS EACH TIME STEP

Figure 1. Simplified Outline of Performance Assessment Calculations. Shaded
areas indicate steps in which geochemical processes are considered.



Coupled reaction-transport models which explicitly model geochemical reac-
tions have been proposed as an alternative to currently available performance
assessment models.ll:14 The use of such models has been hampered in part by
the lack of fundamental thermochemical data describing surface complexation
reactions and by difficulties in extrapolating theoretical models of the sorp-
tion of trace metals by simple oxides and aluminosilicates to the behavior of
natural materials.l5:16 1In addition, the high computing costs associated
with realistic calculations of radionuclide discharge over a 10 km distance
and 10,000 year period, at present, preclude the use of such models in reposi-
tory performance assessment. For example, it has been estimated that z gingle
calculation using the code TRANQLY? for a relatively geochemically simple
system would cost more than $20,000.16 The calculation examined involved
14 aqueous species of a single element, one-dimensional transport in a mono-
mineraliec column, and did not consider radioactive decay or production. For
comparison, a calculation using the computer code NWFT/DVM? which considers
transport of 10 elements of a radicactive decay chain through a column consist-
ing of several layers of minerals with contrasting sorptive capacities costs
less than $50.18 This code, however, represents geochemical interactions
with a simple retardation factor as illustrated in Figure 1 and is subject to
the criticisms described above.

Coupled reaction-flow models such as TRANQL are clearly useful in provid-
ing basic mechanistic insights and identifying key chemical parameters in
radionuclide transport. However, as illustrated above, the routine use of
such codes in performance assessment is impractical. The objective of the
geochemical sensitivity analyeis described below is to identify physicochemical
conditions under which the use of such complex codes is truly required in
order to assess compliance of candidate HLW repositories with the EPA Standard
40CFR 191. In this analysis, a general model is given for bounding radio-
nuclide discharge in scenarios where radicactive production is negligible, but
decay is appreciable; saveral nuclides of a radiocelement are present, and a
speciation reaction cccurs during transport. The model is incorporated into a
methodology for determining critical combinations of hydrologic and geochemical
parameter values that result in discharges that violate the EPA Standard. As
an example, the methodology is applied to releases of 237mp and 243am from
a reference repository. It is shown that the results of the analysis can be
used to develop criteria for designing laboratory experiments so that signifi-
cant speciation reactions will be detected. The analysis is developed ini-
tially for porous media. Hydrological and chemical criteria are also derived
for application of the methodology to fractured media.

THEORY

General Transport Model

In general, transport of radionuclides involved in any number of
homogeneous and heterogeneous chemical reactions is described by equations of

the form:



rate (net rate of ‘net rate of
of x influx by ) influx by
accumulation convection dispersion
rate of rate of
- }rzdioactiv. + gradiaactive (1)
dacay production

+ production production
by heterogenecus by homogeneous ’

net rate of net rate of
+
reactions reactions

where a separate equation is written for each species of each radionuclide.

The objective of this analysis is to derive simple analytical expressions
from the comprehensive transport Equation (1) which will yield conservative
estimates of integrated radionuclide discharge. These expressions can be used
for. parametric sensitivity analyses or can be used to formulate more accurata
retardation factors for use in performance assessment calculations.

The first five terms on the right hand side of the above expression are
normally included in solute transport models. The fifth term is generally
used to represent reversible first-order sorption reactions (adsorption and
ion exchange). Similar terms also could be used to calculate upper bounds on
radicnuclida discharge when colleid retention and irreversible sorption must
be considared.

The last term in the adove expression represents reactions between dis-
solved constituents. These may include changes in radionuclide speciation,
precipitation by homogeneous nucleation, and colloid formation. As discussed
later for the purpose of calculating upper bounds to radicnuclide discharge,
these reactions can be represented by expressions of the form:

net rate of

production by | = § k,Cy (2)
homogeneous n
reactions

where k, is the rate constant for the ath reaction involving the it species
of the radionuclide and C; is the species concentraticn.

The proposed EPA Standacrd AOCFR 1916 regulates the integrated discharge
of radionuclides from a HLW repository to the accessible environment. Critical
combinations of values of geochemical and hydrologic parameters which violate
the EPA Standard can be identified in the following manner:



1. Terms for both homogeneous and heterogeneocus reactions are incorporated
into the radionuclide transport equation for each species;

2. The equations are simplified, using conservative assumptions which
calculatae an upper bound to radionuclide discharge, and are solved.

3. The integrated discharge is calculated for the 10,000-year regulatory
pericd; the discharges of all chemical species of a radionuclide are
summed and the resultant expression is set equal toc the EPA radio-
nuclide release limit w;

4., The resulting equation is solved numerically to determine combinations
of the parameters which cause violations of the EPA Standard.

This method of sensitivity analysis can best be illustrated by its appli-
cation to a specific scenario. For this paper, a scenario is chosen in which
radionuclide discharges are greater than those predicted by calculations which
do not include the effects of speciation reactions. Figure 2 depicts the
release of a radiocnuclide ag an unstable sorbing species A which transforms to
a mobile species B during transport. Such a transformation could cccur due to
kinetic constraints (i.e., the metastable species A is released easily from
the waste form due to steric factors but is unstable in the solutions in the
repository near-field) or due to changes in the geochemical conditions.
Clearly, the total integrated discharge of the radionuclide as species A and B
will be greater than that predicted by calculations of the discharge which
assume that all the nuclide is released as species A. The magnitude of the
error will depend upon the relative mobilities of species A and B as well as
the rate of the transformation A-B.

L
L .
B L B
A A-B A A AaB B
A A Los 8 . 8 8L
_——ASTE/

TRANSPORT

DEFINITIONS
A : SORBING AQUEOUS SPECIES [eg - uozz‘ (o, ) 3 (OH)g ]

B : NON-SORBING AQUEOUS SPECIES [eg. UO 5 (CO4 il
L : GROUND-WATER LIGAND [eg HCO3 ]
k :RATE CONSTANT FOR REACTION A + LB

Figure 2. A Scenario for Geochemical Sensitivity Analysis. Species A iz a
hypothetical sorbing species which has been studied in sorption
experiments. The sensitivity of radionuclide discharge to the pro-
duction of another species B is examined in this study.
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Step 1: Formulate General Transport Equation

The reaction rate expressions for this scenarie arce:

ch 4 1 ch
el R XAl X A 3)

where C denotes concentration; k; and k; dencte forward and reverse reac-
tion rate constants, respectively; t denotes time, and the exponents x, y, and
Z are usually positivg integers.

Simultaneocusly, species A and B can be involved in heterogeneous reactions
with the rock matrix. In this analysis, such reactions are restricted to
sorplion phenomena, and local sorption equilibrium between matrix and pore
water is assumed. Under these conditions, the material balance for species A
can be written:

ac
A . -\
3ot = -v-¥c, + V-0UC, - \ (CA”"*’“’)FA (6, .PH.T ))

- (3¢,/3t) - (p*/$) @F, (G, FH.T ...)/3C, (4a)
- vic:c: - kzc’ + P

B A

and the material balance for species B can be written:

3
30 = -v-UG, + 9-00c, - x-(cs+(pt/¢) P (C o PH,T ))
- (3C,/3t) (p*/®) 3E (G .T.pH ...)/3C (ab)
X .z y
+ b(kchcL - kch) + By

Here, V is the interstitial velocity; D the dispersion coefficient; A\ the
radionuclide decay constant; P the rate of radiocactive production; ¢ the
matrix porosity; and p* the bulk density of the rock. Fu(Cy,pH,T ...) is

the concentration of species A associated with the matrix as described by the
sorption equilibrium isotherm. It is generally a function of C,, temperature
(T), and solution composition.



Step 2: Formulate and Solve Simplified Expressions for Bounding Radionuclide
Discharge

Equations 4a and 4b can be approximated by simpler expressions that will
give upper bounds to integrated radionuclide discharge. A detailed discussion
of the approximation is given in Reference 20. The terms for chemical reaction
rate and sorption are simplified as follows.

¢ Reaction Rate

If the exponents x, ¥, and z in Equation 4 are unity or grester and if
Cy is less than 1 molar, then the rate expressicn

~dCA/dt = k*CA = (I/b)dCB/dt (5) .

will give reaction rates and radionuclide discharges equal to or greater than
z
X -
those obtained from Equation 3. Here, k klct ,» where cI is the maxi
mum possible value of C

L

s Sorption Equilibria

Sorption ratios (R4, Kd, or Rs) can be defined as

F ( ,T,pH ...) F (C_,T,pH ...)
- _A A ~_B B .
RdA = --—“-E;—————- and RqB = cB

Often, solution-phase concentrations will be sufficiently dilute, and the
temperature, solution-phase pH, and ionic strength sufficiently constant so
that the sorption isotherms for species A and B are at least approximately
linear. This means that Rds =~ a constant ~ dF,/3C, and Rdp ~ a constant
= dFgdCp If the sorption ratios are not constants, minimum values can be
determined which will yield predicted cumulative radionuclide discharges that
are greater than those obtained using the more exact expressions for sorption

equilibria.
s Radiocactive Production

Many of the isotopes important to high-level waste disposal are not pro-.
duced by radiocactive processes in significant quantities during the 10,000-year

period regulated by the EPA standard.20

Consideration of initial inventories and half-lives of radionuclides can
lead to a number of simplifying assumptions in speciation and transport calcu-
lations for different radicelements in different scenarios. In a previous
report.13 radicactive production and decay of neptunium-237 could be ignored
in an analysis of discharge of this radionuclide after s 1000-year isolation
period. In this report radicactive decay is considered; however, consideration
of radiocactive production will be deferred until a later work.
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¢ 1-D Equation

For purposes of bounding cumulative radionuclida discharges under most
conditions, Equations 4a and 4b can be reduced to one spatial dimension with
no dispersion when the mean radicnuclide residence time is much less than the
regulatory period. (See Reference 20). The material balances, Equations 4a
and 4b, then can be reduced to

acC ac
A, v A kx
B LY L, +X¥cCc =0 (68)
ot %& x A qk A
and
ac ag,
B v bkx
P~ —— c——— kc - — = 0 (6b)
at*'lvB x T Mg R~ “A

% *
where Rp = 1 + (p*/d)Rd,, anq Rg = 1 + (p*/¢®)Rdp ,

% %
and Rdy and Rdg are the sorption ratios corresponding to linear isotherms
or appropriate values for bounding cumulative radionuclide discharges. For
the case in which radionuclide release from the repository is solubility
limited, initial and boundary cconditions for Equation 6a are

Q
Cp(x.0) = @ ard C,(0,t) = C,

and for Equation 6b

o
cB(x.O) = 0 and CB(O.t) = cB .
For purposes of illustration let b = 1. Equations 6a and 6b with the above

initial and boundary conditions can be solved using the method of Laplace
transforms,



o
C, =€, exp[- (AR, +k*)x/V]H(t-R, x/V) (7a)

and

¢y = cg 0xp (~\B, X/VIH(E-R, 2/¥)

+ I‘B{1 - exp [-a(t-%x/v)]} H(t-8, w/v} (76)
- I‘A{l - exp [—a(t-le/v)]} H(t—RAxlv)

0 t< O

where H(L) =
1 t>0

(RA~RB)X + kx

Ta '”(RL-RBfi.+ kx °xP[f(\81+k*)x/vﬂ .

kxc®

A
Fg.s (RAfRB)X T kx oxP(-ARyx/v)

e Systems of Multiple Radionuclides

Equations 7a and 7b rigorously apply to a system in which a single radio-
nuclide exists for the element of interest, and only two chemical species are
present. If several radionuclides of the element were present, sorption equi-
libria and chemical reaction rates would be functions of the total concentra-
tion of the element. The transport equations for the radionuclides would be
coupled and require simultaneous solution. However, to bound cumulative radio-
nuclide discharges the transport equations can be uncoupled, as shown in
Reference 20 and solved independently, provided that reaction rates and sorp-
tion equilibria do not differ appreciably between nuclides. The uncoupled
equations would be of the same form as Equations 7a and 7b.

¢ Transport in Fractured Media

Equations 7a and 7b rigorously spply only to transport in a porous medium
in which sorption equilibdrium between the fluid and bulk rock exists. Seversl



of the potential HLW repository sites are in fractured media where fluid flow
is primarily in the fractures. In these rocks, the time required for radio-
nuclide diffusion into the rock matrix must be considered in transport calcu-
lations.

Approximate methods for calculating radionuclide discharges in fractured,
porous rock can be derived from & set of rigorous general transport equa-
tions.22+23 yhen the relaxation times for concentration perturbations in
the porous matrix are small relative to the radionuclide residence time, then
the fracture fluid and the porous matrix are locally near equilidrium (or more
generally, a quasi-steady-state is approached with respect te radionuclide
diffusion). Under these conditions, transport in the fractured medium can be
represented by a porous medium approximation.

In order to identify these conditions, three approximate methods for cal-
culating radionuclide discharges in fractured, porous rock have been evaluated:
(1) the porous medium approximation where radionuclide diffusion rates inteo
the matrix are proportional to depletion rates in the fracture fluids: (2) a
linear-driving-force approximation where radionuclide diffusion rates into the
matrix are proporticnal to the difference between bulk concentrations in the
matrix and the fracture fluids, and (3) a semi-infinite-medium approximation
. where radionuclide diffusion rates into the matrix are calculated assuming a
semi-infinite matrix. The above three methods are described, criteria for
application of each given, and the respective uncertainties in calculated
cumulative radicnuclide discharges are assessed in References 23 and 24. The
criteria for application of each method were derived from a general ccnsidera-
tion of fluid residence times in the fractures and relaxation times for radio-
nuclide concentration gradients in the matrix. The same criteria were then
obtained from the solution to the transport equations for specific cases
involving radionuclide decay, chemical reaction, and varying matrix properties.
For example, if fluid flow in saturated rock is one-dimensional and primarily
occurs in parallel fractures having relatively uniform aperture 2b and spacing
2B, and if matrix porosity ¢p., grain density pg, fracture porosity ¢¢,
and sorption isotherms F(C) in the matrix are relatively uniform, then the
porous medium approximation gpplies when

x/v > 50 B2 ¢ /& D(1-d) . (8)
The linear-driving-force applies when

x/v > 0.2 82¢2¢f,$50(1-¢f) (9)
and the semi-infinite medium applies when

X/v < B ¢ /g D(1-bp) . 10)

Here, D is the radionuclide diffusion coefficient in the pore water; v is the
average fluid velocity in the fractures; x is the radicnuclide transport path
length, and « is a tortuosity/constructivity factor for the matrix.

-]10-
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Site-specific data for tuff and granite?+23-27 were used with the above

criteria.

Results are shown in Figure 3.
approximation will be applicable even for relatively thin beds (x = 30m).

For tuff, the porous medium
The

linear-driving-force or semi-infinite-medium approaches would be necessary for
extreme cases involving relatively unrealistic porosities and fluid velocities.
For granite, the semi-infinite medium or linear-driving-force approaches may
be required, while the porous medium approximation may be applicable only to

relatively large granitic bodies.

8
10 7 7 T T I )
o e 7
s . 7/
10°} O e granite 4
3 A tuft .
10 0 //////3
[}
Blazg 10°} : -
e —— Y
$.0(1-9) .
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1 ! [}
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x/v (days)

Figure 3.

Application of Criteria to Representative Site-Specific Data for
Granite and Tuff. Numbers on lines are ratiocs of 52¢2¢fl¢mn(1-¢f)
to x/v. Areas below lines marked °*0.2' and *S0' correspond to con-
ditions under which linear-driving-force and porous medium approxi-
mations, respectively, apply. The semi-infinite-medium approach
applies in the area above the line marked *1l'. Solid and open
symbols refer to transport distances of x = 2000 meters and x =

30 meters respectively.

Step 3: Integrate Eguations for Integrated Discharge and Sum over Species

The sum of the integrated discharges of species A and B is now set tc &
specified release limit for the radicnuclide of interest.

t=10,000 yr

o
Q[ (CA-D-CB)dt = f(x/v,R .Ra.k*.X.to.CA.CB.t*) < HW

o

o (11)
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where ty is the initial containment period; Q is the annual volumetric Flux
of ground water through the engineered facility; W is the release limit;

tx = 10,000 - to; N is the radicactive decay constant; q: and C: are concen-

trations of species A and B in the repository, and the other terms have been
defined previously.

For Rpx/v > Rgx/v > t*, Cy and Cg at the accessible environment should be
negligible, and Equation 12 is satisfied.

For Rgx/v < t* < Ryx/v, C4 = O at the accessible environment, and
Equations 7 and 1l give

Q

kQC
o A
W > (ch + (RA'RBYX o k;)(t*—aﬁx/v) - exp(-\Rpx/v)

kQCA(R -R) -'A.t*-k(t*-nexlv))
R - exp(—kRBxlv) . (12)
[(a -RON + kl | |

If t* > Ryx/v > Rpx/v, then both C4 and Cg at the accessible environment are
nonzerc and Equations 7 and 11 give

g > q(cg + P)(t*-»BBxIv)cxp(-k%xlv)

(R X+k*)x
+ %r-gexp [ ]- exp(-unx/v)z
0 (R A+k*)x
+ Q(cA I‘)(t*—R x/v)exp | -—2—— (13)
o
k*cA

where [ = Y
(RA-RB)X + k%

o« (RA-RB)X + k* '

Ry - By

The detailed derivations of Equations 12 and 13 are given in Reference 20.

-12~
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Step 4: Determination of Critical Parameter Combinations

Equations 12 and 13 were solved numerically for release limits and decay
constants for 237yp and 243pam. Solutions are plotted as bivariate curves
of 1/k* and 1/Rg values with various combinations of values of the other
parameters in Figures 4 to 7. The chemical-reaction parameter 1/k* is analo-
gous to the mean lifetime 1/k of a radionuclide with respect to radioactive
decay. It describes the stability of the relatively immobile species A to
conversion to a more mobile species B.

Figure 4 shows solutions of Equations 12 and 13 for 237lp for several
values of x/v. UNeptunium is assumed to be contained in the waste package for
1,000 years after waste emplacement and then is released from the engineered
facility at a rate determined by a solubility-limited concentration Cf{ of
10~7 moles/liter and a flux of water Q through the facility of 107 liters/yr.
These parsmeters result in a neptunium source term QC{ of 1.0 mole/yr.

. Solutions to Equations 12 and 13 for 243Am are shown in Figures 5-7. In
these figures, the release limit for Am-243 was assumed to be 100 Ci/1000 MTHNM.
Release was assumed to start immediately after emplacement and the ground-water
travel time to the accessible environment was 1000 years. The fractional
release rate listed in the figure captions .refers to the inventory at emplace-
ment, 6.6 x 105 Ci (1.41 x 10% moles) for an assumed repository inventory of
46,800 MTHM of BWR and PWR spent fuel assemblies (cf. Reference 1).

Figures 5 and 6 demonstrate the effect of changes in Ry and C, (total
concentration in the engineered facility), respectively, on the shapes of the

curves when the initial concentration of a nonsorbing species B, c:, is very
small but non-zero.

The sensitivity of the results to the mear-field speciation of 243am is
illustrated in Figure 7. In the three curves of this figure a small variation

in the concentration of c; leads to profound changes in the shapes of the
curves.

RESULTS

Application to EPA Standard and NRC Regulation

Retardation factors and reaction rates for the interconversion of the
species of interest in HLW management generally are currently not available.
The methodology developed in the previous sections, however, can be applied to
available data as follows. If Rg equals 1.0, then species B is unretarded
and migrates at the velocity of the ground water. For a given combination of
release rate, ground-water travel time, and R,, the value of k* which corre-
sponds to Rp equal to 1.0 can be obtained from Equation 13 and Pigures 4-7
and is denoted ky. This is the lower limit of the reaction rate constant
that needs to be considered for performance assessment studies. In ather
words, if the reaction rate is lower than k,, the conversion of A to B
cannot cause a discharge of the radicnuclide greater than its EPA release
limit. This means that if a regulatory agency wished to use available
sorption data to assure compliance of a site with the EPA standard, then it
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must be shown that the reaction rate constant is less than kn. A conserva-
tive analysis (i.e., one that will overestimate radiocnuclide discharge) can be
made by assuming that measured sorption ratios can be used to calculate values
of Ry. The actual integrated discharge of a multi-species system of
americium-243, for example, will de less than that of a two-species system in
whick Rdg is zerc and Rdg is taken from the measured sorption ratios Rdgyg

for americium.

Table 1 lists R, values for 237Np and 243am for several geologic media
calculated from available sorption and hydrageslegic datsz.l-3

Table 1

Retardation Pactors Assumed for Species A of 237Np and 243,

23751,p 243Am
ggéigg Minimum 'gggg_ Minimum _Eégg
Basalt as 1,500 60 1,600
Salt 10 500 110 2,400
Zeolitized Tuff 10 110 1,020 7,600
Vitric/s

Devitrified Tuff 20 250 300 1,200

Ry = 1 + BRd where 8 = p(1-9)/¢ for tuff and salt; 8 = 2.3 for basalt.
Sources of data for density (p), porosity (¢) and sorption ratio R4 are
References 1-3.

Extreme and mean values of density p and porosity ¢ were used to cal-
culate the minimum and mean 8 values listed in the table. The ranges of Ry
values presented in Table 1 represent conservative estimates of the actual
ranges and uncertainty in available information on the sorptive properties of
rocks from each of the geomedia listed. For each Ry value in the table, a
minimum mean lifetime 1/kp for species A, which would ensure compliance
with an EPA release limit (20 or 100 Ci), was calculated. In this way, the
uncertainty represented by ranges in R, values was converted to ranges in
values of 1/k, for each rock type. The results of these calculations are
presented in Figures 8 and 9 for 237Np and 243Am respectively. An annual
fractional release limit of 10~3 per year, Rg = 1, and travel time of
1000 years were assumed; other parameter values are given in the figure
captions.

-16-
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Application to Experimental Design

In this section, the application of the calculated values of minimum chem-
ical stability for neptunium-237 to the design of batch laboratory sorption
experiments will be illustrated. It will be shown that it is possible to
determine the required duration of kinetic and sorption experiments for quan-
titative observation of the effects of potential speciation reactions that
could disguise viclaticns of the EPA standard.

In a carefully designed batch experiment, it would be desirable toc intro-
duce the radiocactive tracer in the same chemical form that is released by the
waste (glass or spent fuel). The sorption ratio obtained from such an expeci-
ment may provide information about the sorption behavior of the species in the
near-field environment. However, as discussed previously, it cannot be
assumed that the chemical species released into the near field will remain
stable indefinitely. Figures 2 and 10 depict hypothetical batch experiment
and field scenarios in which species A, the initially dominant, more strongly
sorbing species, converts irreversibly to species B, a more mobile species.
Such a transformation could occur at a rate that is too low to detect in a
batch sorption experiment yet still be significant on the time scale relevant
to HLW disposal.

Ina sorptibn'experiment'similar to that depicted in Figure 10, thé-
material balances for species A can be represented as

dCA/dt = -(m/v)dthdt - kCA (15)

dqaldt = pha(RQAqA-%a) ‘16)

where i = mass of solid substrate

solution volume

<
[]

concentration of A on solid

0
o
M

Cp = concentration of A in liquid
p = grain density
h = mass transfer coefficient for sorption

interfacial surface area per gram of solid

reaction rate constant.

=
#

The initial conditions are

cA(t=0) = co = constant and qa(t=0) =Q ,
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Figure 10. Scenaric for Geochemical Semsitivity Analysis. Conversion of
hypothetical sorbing species & to & nonsorbing species B during a
batch sorption experiment.

The term pha is the rate constant for the sorption reaction. If it is
assumed that Rdp = Q, than the material balances for species B can be written

) dcaldt = k(:A . 17)

qg(t) =0 (18)

with the initial condition of Cg(t=0) = 0 and all of the terms for species B
are defined analogously to those for species A. Equations 15 to 17 were solved
using Laplace transforms2® to obtain

-blt
(Pha-bl)(l—klbi)e

)1/2 [

A_B_,. 1

(bz - ac

-bzt
- (pha-bz)(l-klbz)e . (19)
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where b1 = 2

o
[]

deA
pha(l + v +k

C = phsk .

Values of (Cp+Cp)/C, are shown in Figure 11 for values of k and Rd,
relevant to neptunium-237 and for values of the cther parameters that may be
typical for batch sorption experiments.20:2l The curve shows that if species
A converts irreversibly to species B, then the concentration of neptunium in
solution will initially decrease rapidly as species A is sorbed by the solid,
reach an apparent steady state for several days, but then increase as signifi-
cant amounts of species A convert to the poorly sorbed species B. Figure 12
shows that the time needed for the solution concentration to rise detectably
" above the "steady state" concentration depends on the experimental precision
of the analytical techniques used to monitor the solution concentration, as
well as the values of 1/k and Ry. If the precision were equal to ¢4,
then after t; days it would be clear that the solution concentration had not
reached steady state and that speciation reactions unaccounted for by a simple
sorption model were occurring.

Discussion

Use of the methodology for geochemical sensitivity analysis as developed
in this paper can be illustrated as follows. A range of retardation factors
for a radionuclide (eg. Np) can be obtained from data from laboratory
and/cr field studies for a potential HLW repository site. Equations 12 and 13
can be used to calculate a& corresponding range of chemical stabilities which
ensure that discharges of the radionuclide will not exceed a given limit (see
for example Figure 7). Pairs of values of Ry and k, obtained in this way
could be used in Equation 19 to produce graphs such as Figure 11. From these
graphs and from knowledge of the analytical precision of the method used to
monitor solution concentration in the batch test, it is possible to determine
the duration of the experiment required to quantitatively cobserve speciation
effects that could lead to unforeseen violations of the EPA standard (or any
other specified release limit). Thus, from Equations 12 and 13, if it is
assumed that the retardation factor calculated for neptunium from batch sorp-
tion experiments is not lower than 1000; the groundwater travel time at the
site is at least 1000 years; the waste isolation period is at least 1000
years; the annual fractional release rate of neptunium is 10~3 or less, and
only cne aqueous Mp species is present in the near field, then l/k; must be
at least 1.5 years. Flgure 11 shows that batch experiments for neptunium
should run at least t2 days before it can be concluded that na potential
speciation effects can cause unforeseen viclations of the EPA standard if the
analytical precision is ¢,. In other words, if the above assumptions
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about the site and waste package are valid, then even if the detailed specia-
tion of neptunium along far-field migration paths is not known, sorption data
from a batch experiment can be used to obtain bounding estimates of poten-
tial radionuclide discharges with confidence. Even if the actual discharge is
not known (or knowable) it would be possible to know whether or not the dis-
charge will exceed the EPA release limit.

Figures 7, 8, and 10 are based on an assumed Rg value of unity. This is
the most conservative value of Rp that is possible and this value leads to
conservative estimates of 1/k and design criteria for batch sorption experi-
ments. In some cases the minimum required chemical stability consistent with
Rg = 1.0 may not be demonstrable with available technology. The use of Rp
values estimated from geological and thermochemical data for radionuclide
species would produce a more realistic estimate of 1/k and more achievable
experimental design specifications. Estimates of 1/k combined with estimates
of Rg would enable the NRC and DOR to identify radionuclides for which the
available sorption data are sufficient to carry out performance assessment
calculations. The results of such an analysis could also be used to determine
when complex phenomenclogical models (coupled reaction-flow models) are truly
required for repository performance assessment.

Conclusion

Potential aqueous speciation reactions introduce uncertainty into pecfor-
mance assessment calculations designed to assess the compliance of nuclear
waste repositories with the proposed EPA Standard (ACCFR Part 191). In this
report, a method was illustrated for determining hydrologic and geochemical
conditions where such reactions could significantly affect the integrated
radionuclide discharge. A minimum chemical stability can be described for
radicnuclide species examined in laboratory studies in order to assure compli-
ance with the EPA Standard. The above method can be used by regulatory agen-
cies to prioritize research needs and to evaluate published or ongoing radio-
nuclide transport studies. The calculations may be used to determine the
criteria for experiments designed to quantitatively observe the effect of
important chemical speciation reactions.
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Letter Report on the Chemistry
of Plutonium

Est. Level
of Effort

1 Heek

1 Heek

3 Months
(12 Weeks)

2 Days -

1.5 Months
(6 Weeks)

1.5 Months
(6 Weeks)

Report No.
MR-SO 2

MR-5.3

N.A'

LR-4.1-19




Request Task

10

*

11

12

13

2-4

2-4

2-5

2-2

2-2

2-1

2-3

(see page 3)

Date
Dec'84

Dec 84
Jan 85
Feb 85
Apr 85
Apr 85

May 85

80827 SHORT-TERM TECHNICAL ASSISTANCE (FY 85)*‘

Assignment

3 l

Attend meet1ng/report - Materials
Research Society Symposium

Attend meeting/report - Geo]ogical
Society of America S

Meeting to review NRC EA comments
Evaluation of Natural Analogs. for
Problems of Radioactive Waste

Pub]ish modeling conference v

proceedings

Docunent reoiew - Geochemical
Sensitivity Analysis

Meeting to review draft NRC
technical position on sorption .

Est ‘Level

of Effort

1 week
2 Heeks
1 Week

5 Months

(20 Weeks)

1.5 Months
(6 Weeks)

2 Days

3 Days

Report No.
MR-290-1

MR-287-1
Mark-up of

NRC comments

NUREG/CR-0062
LR-287-2

Mark-up of
T.P.




Request Task

14 2-3

15 2-1

16 2-1

17 2-4
*  NOTE:

B0827 SHORT-TERM TECHNICAL ASSISTANCE (FY 85)*

Est. Level
Date Assignment of Effort Report No.
Jun 85 Review of Hydrazine Site 2 Days Mark-up of
Technical Position sTP
Jun 85 Document review - "The Potential 2 Days LR-287-3
of Natural Analogues in Accessing
Systems for Deep Disposal of
High-Level Radioactive Waste"
Jun 85 Document review - "The Dissolution . 2 Days LR-287-4
of Rainier Mesa Volcanic Tuffs,
and its Application to the Analysis
of the Groundwater Environment"
Jul 85 Attend/report on workshop on 1 Week = —ecccccccaaao
hydrogeochemistry/organics
TOTAL: APPROXTMATELY 53 Work Weeks*

Funding for short term T.A. = 140K (Level of Effort

13 Work Months*

approx. 1.2 man years, 14 work months, or 61 work

weeks.




1

) e '.5‘

GENERAL CATEGORY

Igneous intrusions

--major plutons; contact effects

--minor intrusions (mainly dikes); contact effects (intruded media include
basalt, tuff, bedded salt, shales, sandstones)

Active and semi-dormant geothermal systems

Areas of hydrothermal alteration

--accompanying ore deposition

--minor veins of mineralization (focus on elemental distribution, mobilization,
mechanisms for retardation-retention)

Behavior of clay minerals in geomedia

--glteration studies in bedded salts, tuffs, basalt

--other media (granitic rocks; post-epigenetic effects in shales; argill-
aceous sandstones)--application to problems of engineered backfill

REFERENCE: Complete listing of the source of information; author(s), title,

journal, pagination, year

BACKGROUND ON STUDY
-=- Purpose of investigation
-- Methods used (e.g. petrography, chemical other)

- =- Summary of-resultg ---—-

AP

APPLICATION TO PROBLEMS OF RADIOACTIVE WASTE DISPOSAL IN GEOMEDIA
~-- Explanation of how particular study can be used as analog for any (or multi-)

part of the buried radwaste
Constraints on application (i.e. parametric evaluation of analog)
Mechanisms for elemental behavior

Role of aqueous phases in study
Summary, with conclusions if warranted, or suggestions as to how future

studies may be oriented for more useful information.

t o
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ENVIRONMENTAL PROTECTION
AGENCY e
40 CFR Part 191

[AH-FRL 2870-3]

Environmental Standards for Iho
Management and Disposal of Spent
Nuctear Fuel, High-Level and
Transuranic Radloactive Wastes

AGENCY: Environmental Protection
Agency.
ACTION: Final rule.

SUMMARY: The Environmental Protection
Agency (EPA) is promulgating generally
applicable environmental standards for

_ the management and disposal of spent

nuclear fuel and high-level and
transuranic radioactiva wastes. The
standards app! c{ to management and
disposal of such materials generated by
activities regulated by -:e Nuclear
Regulatory Commission (NRC) and to
disposal of similar materials generated
by atomic energy de:e:sc activities
under the jurisdiction of the Department
of Energy (DOE). These standards have
been developed pursuant to the
Agency's authorities and responsibilities

under the Atomic Energy Act of 1954, a8

amended; Reorganization Plan No. 3 of
1970; and the Nuclear Waste Policy Act
of 1982,

Subpart A of these standards limits
the radiation exposure of members of
the public from the management and .

. storage of spent fue! or high-level or " -

. transuranic wastes prior to disposal at -

. waste management and disposal .

. ~ facilities regulated by the NRC. Subpart

A also limits the radiation exposures to

" members of the public from waste

emplacement and storage operations at
DOE disposal facilities that arenct
regulated by the NRC. . .
Subpart B establishes uveral
different types of requirements for ° -
disposal of thesa materials. The primary
standards for disposal are long-term

- containment requirements that limit -

projected releases of radioactivity to the
accessible environment for 10,000 years
after disposal. These releass limits
should insure that risks to future
generations from disposal of these
wastes will be no greater than the risks
that would have existed if the uranium
ore used to create the wastes had not
been mined to begin with. A set of six
qualitative assurancs requirements is an
equally important element of SubpartB
designed to & rovide adequate
confidenca that the containment
requirements will be met. The third set
of requirements are limitations on
exposures to individual members of the
public for 1,000 years after disposal. °

Finally, a set of ground water protecﬁon
requirements limits radionuclide =~ -
concentrations for 1,000 years after - -
disposal in water withdrawn from mast
Class I ground waters to the .- -
concentrations allowed by the Agency’s
interim drinking water standards (unless

. concentrations in the Class I ground

waters already exceed the limits in 40 -
CFR Part 141, in which case this set of
requirements would limit the increases ..
in the radionuclide concentrations to
those specified in 40 CFR Part 141).
Subpart B also containa informatlond
guidancs for implementation of the =
disposal standards to clarify the -
Agency's intended application of thm :
standards, which address a time frame -
without precedent in environmeqtal -

" regulations. Although disposal of these

materials in mined geologic repositories ~
has rece.iived t:c $ost aluznﬁ:ir:.md:od by |
disposal standards apply to
any method, except disposal directfy
into the oceans or ocean sediments. :
This notice describes the final rule ™~
that the Agency developed aftee - =
considering the public commendy™:.: -
received on the proposed rule published .
on December 29, 1982, and the - B
recommendations of a technical review -
conducted by the Agency's Smm
Advisory Board (SAB). The mafor *
comments received on the proposed
standards are summarized logether with
the Agency's responses to them..
Detailed responses to all the commentl

. -

" received are discussed in the

to Comments Document’ prepared for
this final rule.' , ir -
DATE: These standards shall be.
promulgated for purposes of judicial . .
review at 1:00 p.m. eastern timeon -
October 8, 188S. These standards shall

. become effective on November 18, 1983.

ADDRESSES: Background Information—
The technical information considered in
developing this rule, including risk -
assessments of disposal of thess wastes
{n mined geologic repositories, is "
summarized in the Background
Information Document [BID) for 40 CFR
Part 191, EPA 520/1-85-023. Single - -

"copies of both the BID and the Respouse

to Comments Document, as available,
may be obtained from the Program
Management Office {(ANR-458), Offica
of Radiation Programs, Environmental
Protection Agency, Washington,DC .

20460; telephone number (703) 557-9352.

Docket—Docket Number R-43-3 ? -
contains the rulemaking record for 40
CFR Part 191. The docket is available for
inspection between 8 a.m. and 4 ocn
weekdays in the West Tower
Gallery 1, Central Docket Section, 403 M

Street, SW.,, Washlngton.DC.A_ i

reasonable fee may be charged for:
copying. ’
FOR FURTHER INFORMATION CONTACT
Dan Egan or Ray Clark, Criteria and
Standards Division (ANR-460), Office of
Radiation Programs, Environmental
Protection Agency, Washington, DC
20460; telephone number (703) 557-8610.

SUPPLEMENTARY INFORMATION:
Fissioning of nuclear fuel in nuclear
reactors creates a small quantity of
highly radioactive materials. Virtually
all of these materials are retained in the
“spent” fuel elements when they are
removed from the reactor. If the fuel is
then reprocessed to recover unfissioned
uranium and plutonium, most of the
radioactivity goes into acidic liquid
wastes that will later be converted into
various types of solid materia!s. These
kighly radioactivs liquid or solid wastes
from reprocessing spent nuclear fuel

. have traditionally been called “high-
- level wastes.” If it is not to be
". -reprocessed, the spent fuel itself

becomes a waste. The nuclear reactors
operated by the nation's electrical
utilities currently generate about 2,000
metric tons of spent fuel per year. The
“relatively small physical quantity of

" these wastes is apparent when -

". compared to the chemicslly hszardous

wastes regulated under the Resource
Conservation and Recovery Act, which
are produced at arate of &
150,000,000 metric tons per year.
Although they are produced in small
quantities, proper management and
disposal of high-level wastes and spent
nuclear fuel are essential because of the
inkerent hazard of the large amounts of
radioactivity they contain. Spent fuel
from commercial nuclear power reactors
contains about 1.8 billion curies of
radionuclides with half-lives greater
than 20 years. Over the next decade, this
inventory is projected to grow at a rate
of about 300 million curies per year from
reactors currently licensed to operate.
Most of this spent fuel is currently
stored at reactor sites. Reprocessing
reactor fuel used for national defense
activities has produced about 700
million curies of radionuclides with half-
lives greater than 20 years. Most of

.these wastes are stored in various liquid
. and solid forma on three Pederal

reservations in 1daho, Washington, and
South Carolina.

In addition, a wide variety of wastes
contaminated with man-made
radionuclides heavier than uranium
have been created by various processes,
mostly from the atomic energy defensa
activities conducted by the DOE and its
- predecessor agencies (the Atomic
Energy Commission and the Energy
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Research and Development
Administration). These wastes are
usually called “transuranic™ wastes.
Most of them are stored at Federal
reservations in Idaho, Washington, New
Mexico, and South Carolina.

National Programs for Disposal of These
Wastes - : .

Since the inception of the nuclear age
in the 1940’s, the Federal government
has assumed ultimate resgonsibility for
the care and disposal of these wastes
regardless of whether they are produced
by commercial or national defense
activities. In October 1976, President
Ford ordered a major expansion of the
Federal program to demonstrate a

rmanent disposal method for high-

. level wastes. The Agency was directed
to develop generally applicable
environmental standards to govern the
management and disposal of these
wastes as part of this initiative. Among
EPA’s first activities in response to this
directive were a series of public

workshops conducted in 1977 and 1678

to better understand the varfous public
concerns and technical issues
associated with radicactive waste
disposal -

In 1981, the DOE, after completing a
comprehensive programmatic
environmental impact statement,
decided to focus the national program
on disposal in mined geologic :
repositories (48 FR 26677). In 1962,
Congress passed the Nuclear Waste
Policy Act (henceforth designated
“NWPA"}, which President Reagan
signed into law on January 7, 1983. The
NWPA contains several provisions that
are relevant to this rulemaking. First, it
affirmed the DOE’s 1881 decision that
mined repositories should recelve
primary emphasis in the national
program, although research on some

other technologies would be continued. .

Second, it established formal procedures
regarding the evaluation and selection
of sites for geologic repositories,
including steps for the interaction of
affected States and Indian tribes with
the Federal Government regarding site
selection decisions. Third, the NWPA
fevied a fee on utilities that generate
electrical power with nuclear reactors in
order to pay for Federal management
and disposal of their spent fuel ar high- -
level wastes. Fourth. the NWPA '
reiterated the existing responsibilities of
the Federal agencies involved in the
national program to develop mined
geslogic repositories, and it assigned - -
some additional tasks regarding site
evalaation. Finally, the Act provided &
" timetable for several key milestones that
the Federal agencies were to meet in

cnryiumntheprognm.

Section 121 of the NWPA reiterated
the Agency's responsibility for
developing the overall framework of
requirements needed to assure
protection of public health and the
environment, in accordance with the
Agency's authorities under the Atomic -
Energy Act of 1954 and Reorganization
Plan Number 3 of 1870. Section 121 also

. called for the Agency to promulgate

these standards by January 7, 1884. The
Agency did not meet this deadline. On
February 8, 1985, the Natura! Resources
Defense Council and four other -
environmental interest groups filed suit
to bring about compliance with the-
NWPA mandate. This litigation was
settled by the Agency and the plantiffs
agreeing to a consent order requiring
promulgation not later than August 15,

" 1985. The generally applicable

environmental standards promulgated
by this notice satiafy the terms of this
consent order. However, they also
represent the culmination of an effort
that began almost nine years ago and
that has included frequent interactions
with the public to help formulate

-standards responsive to the coacerns

about disposa!l of these dangerous
materials, - v

" Objective and Implementation of the

Standards

In developing the standards for
disposal of spent nuclear fuel and high-
level and transuranic radioactive -
wastes, the Agency has carefully -
evaluated the capabilities of mined
geologic repositories to isolate the
wastes from the environment. Because
such repositories are capable of
performing so well, it has been possible
to choose containment requirements
that will provide exceptionally good

- protection to current and future

populations for at least 10,000 years
after disposal. In fact, EPA’s analyses
indicate that the small residual risks
allowed by the disposal standards
would be comparable to the risks that
future populations would have been
exposed to if the uranium ore used to
roduce the high-l¢vel wastes had not
en mined to begin with.' The Agency

1 Specifically, the Agency estimates that
compliance with the disposal standards would
allow no more than 1.000 premature deaths from
cancer in the first 10.000 years after disposel ef the
high-ieve! wastes from 100,000 metric tons of reacfar
fuel, an average of no more than one prematwre
death every ten years. As this residual risk level is
referred to in the following discussion. it should be
remembered that it is & speculative calculation that
is primarily intended as a too! for comparing risk
levals: it should not be considered a seliable
projection of the “real” number of health effects - ~

_resulting from compliance with the disposal

standarde. - -

believes that achieving this protection
should not significantly increase the cost
or difficulty of carrying out 