‘.”’ A
) \
IS
l, - -
. . - -
“a 0 R
-
-~
-
L 4
-~
~
\
)
=4
- e e e
- :
- M"— B s -

s
DA‘IE OF DOCUMENT

- August : 1981' -

R

e e

——r—— e e —

DATE RECEIVED

1/15/82

~

-

No: - e
WM-82-025 : .0

rrfice oF Nationa] Naste Terminal — — — e
,m .’.-§E°‘Eage JIntegration, Battelie .. ' XX with note from JBM
W aNE "o T TaT s T ILuLC ORIG: . e oTHER:. _, -
. Es "».: o ‘ - XX A /r
s Mi'l'ler ACTION NECESSARY 13 4 CONCURRENCE O DATE ANSWERED.
4 . =" | ~oaction mecessary [ COMMENT O lev: -2/8/82
-CLASSIF.? - POST OFFICE FILE CODE: . - . ',‘1 ~ / ) . N
) REG. NO: +3413— L
.- . DESCRIPTION (Must Be Unclassified} REFERRED TO DATE . RECEIVED BY DATE
: Review of Geologic -and Hydm'logic
- _Issues -Reated to Haste Isolation {HIMiller 1/15
{in Columbia River Basalts with -
, Rc_&x%sﬁnns for HI¥iller from JBEM /
LOSURES R -
- . ) - .\ s "7/ - ~
CLOSED 2/4/82 by informal note to [, T
JBMartin from HJMiller b PRES S Y . T
‘ ' N R I h 7 —
Y Wy e <N i i ] .l ‘
. / i "\ o : \/'-
- AN _\-Z’ IR I
.fr\g/s*sf", e TN S - - \ w ‘ \
+F . ' {7 B303290782 820204 S
if. U | PDR WASTE PR : .
1 Ll WM-10 PDR | i =
. .: 2 f U S NUCLEAR REGULATORY COMMISSION MAIL CONTROL FOﬁM FORM r;nc-:zs o
by e L LU

.




U wliee oy eophy
£RAVES
JusTus -

1 CopAN

{WEi- 10

FoR

(Return to WM, 623-S§

FI1 - JBA% COMUBNTS BE:! BACkoUuT OF ISSUES AT BUP

-

WHLE WRGHT Wikt @e Thilg, LERD W REsponDier To SeCiew

RUESTIONS (JBM  His ON Bwg,

OF JBM5 QUERLES coNces THE Nesy Fo—

A SYsTEMATIC |, COMPREHENSIUE

ISSUES AT EAcH  SIE.

WE SHoULD BOILD “THIS INTO -THE PROJET  PLANS AND

PACK.OUT OF

THE GENSAL THRAST

O COMPLETE  THE EReT COT O sdeH A BACkOLTT

-———’/

L

000 4G



Tl Y
’% -y
L EN
el
SN
-

e

|

|

Poo b | %o{ A~ !_Clh

TMMLZL/ M&/L AL A
Al & X & _"’“‘f{;

(fj;> é;ALov’ e Tl 'Ckﬂ”4/”‘”>/”°4 . Tl

Jl A AR s

yecreint
W ,AA—/*»ZZ/I’VC f/ (ot /5779:’7‘)7 /MC 7&44/ _

/ﬁ/ 2,{.,% 4// Coreclirt? | (Ll .
d/ﬁzéba4>@cz;¢7 2?44974 e pab11%4{ /:;f;Zprﬂf? 1V0“9’¢:'c“7
" REVIEW OF GEOLOGIC AND HYDROLOGIC 1SSUES ‘ /JW
RELATED TO WASTE 1SOLATION IN /;,W/VS /

—_— COLUMBIA RIVER EASALTS % %ﬁ 744
'/’/V3~?73)/@;7 ; /%/zé? jw M//&

R

, TECHNICAL REPORT Z . ﬂ/f// %M{I/
M i doeede AL

j : W~
I | L /Z///M"""/7 76/1/&

Stephen J. Kowall

Office of Kational Waste Term1na1 Storage Integration
Rzttelle Memorial Institute .
Columbus, Ohio 43201



5,

TASLE OF CONTIKTS

BBSTRACT o v v v v e o e v o T us
IKTRODUCTION & v v v o o v v v u s

Geologic Setténg v e e e e e
DISCUSSION OF ISSUES . . -

Geolooic Issues, . . .

Hydrologic Issues . . ¢ ¢ 4 ¢ v ¢ ¢ o o 0 ¢ o o o @
Gaochemical ISSUBS v ¢ v ¢« ¢ o 4 o o o o o o o o o
Site SeleCtion ISSUES v ¢ v v v o o o o o o o o o »

RARKINS OF ISSUZS . « o o v . &

. . . . . - s e L] . . . . . -

 Priority Listing . . . . . . . .
Issues Related to Shatt Location
Issues Relzted to Sheft Desion . . . .

FZTHORS USEFUL IN ISSUZ RESOLUTION . .

CONZLUSIONS AND RECOMMENDATIONS . . . . .

L1ST OF FIGURZS

Figure 1. Stratigraphic Nomenclature of the Hanford Site

Figure 2. Schemztic Dréwing to I1lustrate the Siructure of a
i CD]UﬂbiE River Basa]t F]Oh’ . - - . - . . . . e o

Ficure 3. Locztions of Deep Boreholes

Ficure 4. Conceptual Model of the Regionzl Ground-Water
Flow in the Columbie River Basalts . . . . . . .

LIST OF TABLZS

Taeble 1. Renking of Importaznt Geologic and Hydrologic
Issues Related to a Repository Sit2 in
Columbiz River Basalt . . . . P R

Table 2. Surmmary of Geolocic and Hydrologcic Issues for

Developrznt of & Repository in Columdia
River Besalt . .

. - L] . [ - L] L) . . . . . . . . .

. 3 L] .

. . . 3 ¢ . L] . ] . . . . . . o .

. . L] [ *» o . L] . L3 L] . . LI * o

12

24



.,.,
b

-
-

© ABSTRACT

The Office of Nationzl Weste Terminal Storezoe lntecration hes the
rimary role ¢ integration and coordinztion of the components of the KWTS
Program. A part of this role is accomplished through review of various as-
pects of the program coupled with recommendations to the Department of Eneroy
concerning changes that could increase the rate of progress. This report
ijdentifies key geologic and hydrologic issues that ere related to the devel-
opment of & repository in basazlt. These issuves zre discussed and placed in
priority order, &nd recommendztions that could 2id in their resolution are
made. '



INTRODUCT IO

Since 1968 the beszlts of the Columbia Pleteau heve been studied as &
potential host rock Tor isolation of high-level radiozctive weste. Duripg the
period from 19568 to 1972 the studies were conducted by the Atlantic Richfield
Pan.ord Cowpcny for the U.S. Atomic Enercy Commission. This work fénned the
besis for plannino subseguent studies under the U.S, Eneroy Research and De-
velopment Administretion and later by the U.S. Department of Eneroy (DOE). 1In
1676 the National Waste Terminal Sto}age (NWTS) Program-was established, and
in 1977 additional Tunds were provided to begin the Basalt Waste Isolatibn~
Project (BWIP) which is operated for the DOE by Rockwell Hanford operations.

The Office of Netional Weste Terminal Storece Inteorztion (ONI) hes .
priméry role of intecration of the componentis of the NWTS Program (BW1P,
the OiTice of Nucleer Weste Isoletion, énd the heveda Nuclezr Weste Storage
Investicgetions). This intecration role is &ccomplished through &dvising the
DOZ on key issues thet reguire resolutien for continued progress of the KWTS
Progrem. " The informaztion necessery for defining key issuves is obtzined Trom
published reports, peer review committee meetingcs and reports, &and
interactions with project staff.

This report contains & discussion of key geologic &nd hydrologic
issues related to BWiP's evaluetion of the Columbiz River beaszlts as potentizl
hest rock, for isoleéting high-level radjoactive Qasteé. For the purposes of
this discussion 2 key issue is one th&t could, dependent on the ability to
reso]ve it, either confirm or eliminate these forﬁat1on, as & potentiel
reoository site. In order to determine key issuss, the more importeznt issves
ere identified, discussed, and placed in order of importance. This is fol-
Towed by subjectively selecting the higher renking issues (e.g., those where
engineering cannot substantially alter a negztive result) as key issues. ..

Geo]ogic Settina. The Pasco basin is a structural and topographic

besin within the western Columbia Plzteau that occupies approximetely 5,180
square kilometers and is underlain by more than 1400 meters of basalt flows
and interbeds (Figure 1). Structural deformetion was occurring during
depesition of younger baselt flows &ni interbeds with the principal horizontal
stress exis oriented north-south. '

.- ——— e — e -
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FIGURE 1. STRATIGRAPHIC NOMENCLATURE OF THE HANFORD SITE
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The Columbiz River bzsalt flows overlie Precambrizn to ezrly Ter-

"tiery units end &re overlain in part by seciments of Pliocene and Pleistocene

age. The two bzsel formztions are the Imnzhz and the Picture Gorge baszlts.
The Grande Ronde baszlt, the oldest formation of the Yekime besalt

subgroup was exiruded 14.5 t& 16.5 million ¥edrs 280, --1t consists-of-over 50
flows and is the most areelly extensive unit-of the Columbia River baselt
group. It comprises’épproximetely 85 percent of the basalt group and is more
then 1000 meters thick in the Pasco basin. .= - : - rn e

' The Umtenum flow of the upper Schwznez sequence_of"{he Grende Ronde
has been ‘identified since 1958 zs a possible reférencé Fepository horizon.
The BRIP-interprets the
leest 20 kilometers 7

et

the flow is laterally continuous for & distance of at

3
g

the reference repqsitory'iocatfon (RRL)-inﬁzhe Cold

Cresk svncline. The Umtanum is cenerelly ezbout 65 meters thick, 1,110-meters
below the grounc survace and 285 meters below the contéct ot the overlying
'anepum basalt, where several hich-yield aquiters occur.. . i

The Henzpum basalt is the middle formation of the Yekime basalt sub-
croup. It is the second most voluminous unit, comprising about 15 percent of
the Columbia beselt oroup. It is the most-extensively exposed-unit &nd com-
rises 11 to 14 flows, -

. I

extruded 6 to 13.5-million yeers aco in approximate1} 10 ffbﬁsfi-ﬁéﬁy o7 the

(1]

Seccdie Mountzins baselt, the youncest formztion in the group, was

flows in the Wenzpum and the §add]e.Hduntains besalts are szpereted by later-
ally discontinuous sedimentary interbeds. . .
Overlying the basalts-end their interbeds are two sedimentary forma-
tions, the Rinoold formation consisting of_fiver flood plein units and the
Kenford formetion which is composed of cétestrophic-flood deposits.
Fejor discontinuities in the beaselt s@ratigrabhi: sequences zre the

— o —

interbeds and the flow iops of each indivicuel besalt flow. The major dis-
continuities at ancles to the stratigraphy are cooling crecks, tectonic - .
fractures and faulits, and the edges of flows. Thére.are &¢1so.discontinuous
pillowed zones. A typicel flow is illustreied in Figure 2. Flow interiors
are composéd of two distinct zones, an upper chaotically 7ractured section
with & higher gleass confent, called the entableture; and & lower, columner

‘jointed sectionm, called the colonnade.
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tretigrephic studies of beszlt in {hé Pasco basin use exposed sirati-
ofaphic sequences, geochemistry, paleomegnetics, &nd borehole ceophysicel locs
during ¢rilling to identity formztions. " |

Several deep holes have been drilled on or mear the Hanford Siie for
purposes of defining the streiigraphy, struciure, and hydrology of the Szddle
Mountzins, Wenzpum, an¢ Grende Ronde bzsalts (Figur= 3). In particviar, the
Grende Ronde beszlt hes been penetrated by 14 deep holes drilled in the Pasco
besin (DC-2/DC-1, DC-4/DC-5, and DC-B/DC-7 are core hole/rotary hole peirs,
¢rilled 2t the seme location). There is, howevér, no comnplete inventory of
211 informztion on the Umtanum aveilable for peer review.

Current plans for the exploratory shaft test facility (ESTF, Fioure
3) are to drill & rotary hole to obtein stratigraphy &nd use this infcrmetion
to design the shzft. A second hole, & core hole, would then be drilled for
hycdrologic testino. Both holes would be outside of the shaft zrea.
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DISCUSSION OF I1SSUES

A technical question or issue hes importance reletive to the stzte of
understanding of & perticular subject; i.e., when an issue is Tirst defined it
vsually eppeers to be of extreme importance and as work proceeds and &n issue
is resolved, its priority diminishes. The converse of this qbservétion.is
21so true; if resolution cannot be attainéd,'the issue will grbw in importance
end, for key jssues, will lead io abandonment of the site. Thus, the impor-
tance o7 'an issue anc the priority placed on it are temporzl and depend on the
stete of understénding at the time of ranking. The discussion of issues that
Tollows is based on informztion presented by the BwIP staff or throuch
Rockwell publiceticns that were evailable curing the peqiod-frcm February
throuch July, 1881, '

Because transport of radionuclides by eround weter is the msost likely
meens of bringcinc these matericls into contact with pzople, the issues center
aroung the following four aspects: (1) the emount &nd rzte of supply of ra-
dionuclides to the ground water; (2) the volume and velocity of the cround
weter movement; {3) the“lengih of the transport pethways; and (4) the charac-
ter of the pathweys, i.e., the degree of retardetion of redionuclide movement
ceused by ebsorption or chemical interéctions.with the rocks throuveh which the
redionuclides are transported. Of these four espzcts, jtem one cén be con-
trolled through dgsign of the waste packige and of the repository. This means
that Key issues could be present only in items two through four: the volume
and velocity of around-water movement 1S contro]]ed by the ceohyZrolocy of the
sitz and the reletive permeebility and porosity of the bes2lt sequence; the
pezh lencth is conircllec by the stratigraphy end structural geology of ‘the
site, including pest and Tuture tectohics; and the charecter of the transport
path is con;fc]]ed by and indicative of the geochemicel and thermel character
of the system of baszlt flows. Thus, items such &s geology, hydrology, and
ceochemistry were selected as areas in which key issues could be 7ound.

Geoloaoic Issues. In the vicinity of the Pasco basin, the Columbia

Plateau exhibits considerable, intense structurzl devormation of & young age
(recent movement is younger than approximately 13,000 years at the Gzble




Mountein Fault). This includes tight, overturned anticiines and associzted
thrust faults. These structurz) Teatures, &long with the primery structurel
.

e

ztures of the basalt flows and the interbeds, mzke for &-domein that will be
¢iff

1cu]t 10 model hydro]oowcally. This is compounded by the fact that the
ceo Iooy of the basin is covered w};h.Cenozoic sediments which mask the gee-
locic structure superimposed on the beasin.. . .

The p.1nc ipal means currently aveilable to define the structure of
the RRL §s stratiorephic correlztion of core holes (bcsed principally on

geochemistry and pzleomagnetic datz) and geophysics, which is for the most -

pert restricted to defining deep, possibly basement structures, and shzllow,
top-ot-besalt Teztures. (There is no certainty that geophysics can define the
setting cof the Umtanum leyer with the necesszry precisiqf;::)Antic1ina] ridess

plunce below the sediments and surface faults, such &s the Gzble Houﬁtain
feult, are only exposed near the resistent anticlinzl ridees.
( The tectonic setting of the region is not well understqﬁﬁ) The mode Cf§zj>
T deformztion of the Columbja Plzteauv and the possible seismic sionificance
of the Cle Elum-Kallula zone of deformztion bounding the Pesco basin on the
south remein cpen to oebatgdf"iﬁfggd1 jon, the stete of stress &t the ;;T;:j::> (ji:)

<:§E§e repository horizon hzs never been meisured. (“The horizontal-to-vertice!
ess retio &t depth is expected 1o be grezter than unity.

A1l of trese geo]ogié jssues must be considered in eny eveluation of
the ebility of the baszlts of the Columbia River Plateau to successfully iseo-
lete radioactive westes. In particular, the distribution of structures and
st;atigraphic discontinuities and their tectonic history can influence the
pethway of fluid migretion. The in situ stress retios will influence the de-
.ve]opment of the repository itself. A clear end concise evaluation needs to
be made of the in situ stress a2t the location of the explorztory sheft, the

_seismic &nd hydrologic significance of the'Gable Mountain fzult, and the mode
of deformation of the Columbiz Plateau. '

In situ stress is a kéy issue only at the reference reposﬁtory']a:a-
tion. Sections of basalt core from different core holes end different stratf-
grephic horizons tend to brezk spontaneously into disc-like sections. This ‘VJ
indicates thet residval stress is present in the basalts, at least locelly. hl
The cause.of this discing, and its implication on reﬁository developrent and ‘
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host rock parmsebility, are st present unkmown, but, in general, discing {s
associzted with high horizontal stress. There are no known measuremsnts of
stress &t depth, although the horizontzl-to-vertical siress.ratio is expected
to b2 2s high as 3. '

While the stress conditions will be grossly uniform over the extent
of the basin, they will vary locelly dus to the variztions in stiffpeés and
strength characteristics of the rock. There may be loczl anomzlous zones
(stress gradients) thet could be a factor in repository design. Considering
the thickness constreints of the Umitanum and the possible laterzl change of
rock charécteristics over the scale of & repository, stress considarations
will influence the design of the repository openings. .

The Columbie River basalts have undergone north-south compression
within the last 6 million years which has resulted in genera1]y‘east-west
trending features such as faults, anticlines, and svnclines. One of these fea-
tures, the Gable Mountain fault, lies Elpse enouch to the reference repository

location so thet tectonic stress buildup znd release associzted with fault
>.movement.cou1d heve éltered the permeebility of the besalt near the proposed <é§:>
<£§f§§7€5?3>site. Both the lateral &nd vertical extent of the fault zone
shouic be meppec in deg ’_ S1n:E_?FE—T:G;__may be considered capeble by the
hucaecr Regulatory Commission (NRC) for U.S. Gzologicel Survey and Washincton
Powsr Public Supply System (WPPSS), it will 2150 be & facter in the licensing
of a2 nuclear waste repcsitory. The sfgnificance of small offsets in the
gravels above the fault, as well as any linear extent of the fault below thejy
Cenozoic sediments in the direction of the RRL, needs to be.evaluated for
seismic design consideration. _ )
Core hole D5-10, down dip of the CGeble Mountein fault, 0.5 miles
south of Gzble Mountain, revezled two f2ult zones thet have the szms sense of
‘movemant- es the Gable Mountain fault. They were not, however, oriented cores. 4k//
The combinztion of the young age of the Gable Mountein Fault and the
lack of a defindtive evaluation of its tectonic order together with the hi¥gh
horizontal to verticel stress ratio and the finite strain rate for the regi
raises serious questions as to the future (seismic) activity of the fTaul
<211 2s other similar and related features. This could raise serious

licensing issves from both hydrologic and tectonic points of view. 7.
The mode of deformation of the Columbia Platezy is a measure of its
pest tectonic and seismic history and a key to future parformance. The two

L4
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schools of thought on the issus include e thjn:gkinned modal, inQolvin;
north-south compression of thz basalts zbove the basem2nz, and a thick-skinnzd
approach with bazsement involvement. The latter apprdach're]ates devormzTion
to faulting.end/or rotztion of deeper basement fault blocks. Intergrezezions
of the seismic stebility of the site very, depending upon the theory uses in
an analysis. There are open debztes on the sionificance ofirggionaj Tsetu
such-&s the Cle Elum-Wallula zone of deformztion. A neotectonic moczl for the
b

- - - » : > . ’—-__—‘-——_——
Columbie Plztiezu with emphzsis on possible seismic source zones neecs =t

devel oped.

"The primary geologic issues in priority order are:

1. Evaluation of in situ stress at the location of the exp1oraiony
shaft ' . -

2. . Evaluztion of the Gezle Mountain fault - <. -

3. Desterminztion of the mode of deformetion of the Columbdiec Piztszeu

Hydrologic Issves. Hydrology plays a key role in determininc *ne
isclation potential of any host-rock formeztion. Key issues in hydrcicosy ere
relzted to the ebility to predict the velocity of flow znd in our atilizy o

determine the expected pégh o7 groung-wzter flow. Measurement of chzrzczer-
istics of the ceolocic system such as permsability &nd porosity, driving
forces such as hycdraulic head, and the use of models to z2id in understzrding
and interpreting hydrologic dzta, are key fectors in the determinatior ci the
- adequacy of a repository in the Columbia River basalts.
' The baszlt sequence can be generalized as a layered system oV par-

tially confined aquifers made up of basalt interflows and ‘sedimsntary int
.beds. The confining units are formed by the dense baszlt interiors, th

"
m
3 N
]

teblature and colonnade, that are highly fractured. Movement of ground w
_through the fractures has led to the formetion of secondary clay mirsr:zis thzt
fi11 or partially fill the Tracture epertures. The regional hydrolecgic sysism
is characterized by recharge in the higher elevation outcrop areas znc Ci:i-
charge in the lower elevations at the Columbie River. A simple concegtual
mocdel of the ground-water flow system is shown in Figure 4. 1In the simie
conceptual system ground-wzter flow would be downward in the vicinity cf ihe
.rechétge Sreas and upward in the discharoe areas. -

The hydrologic system in the bzsalt sequence, 2t the curre-t siage of

-
-

undarstanding, is far more coaplex than shown by the conceptual mocsi. Tne
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cowp1eh1;1es arise from local structurel fea;ures such as synclines an’ anti-
clines and the: chanoes in vertical penncab1] 1y that can be zssocizted with
folding of the basalt units. These changes of vertica]lpgrmeabi]ity, 2lthoug
not mzasured, are expected 1o be in the range of .one to two orders of mezcni-
tude. Changes in vertical ﬁérmeabi]ity laterally, coupled with lTocel varie-
tion of horizontal permeability caused by'features such &s the amount of sec-
ondary minerelization in fractures, could ceause exireme local variation in the
conceptualized flow; e.g., downward Tlow 16£a]1y in the Gischarge zone. How-
ever, such loczl perturbations, while they require larger amounts of detz to
anelyze, do not diminish the use.u1n°ss of the conceptual model Tor determin-
ing the types of data required to understand the ground-wa»er flow system.
 The path of ground-witer flow from the repository to the Columdia
River is important becaute the travel time of the wzter.is dependent not only
on the path length but also on the wzter velocity along different paths. The
system is characterized by low grounc -wzter velocity 1n the dense besai: in-
teriors end relatively high velocities in interflow zones and in som2 inter-
beds (some of the interbeds have reletively low permeabilities). The shortest
travel tﬁme in this system would tzke & peth of verticel movement 1o the near-
est high-permeability zénp (an interflow or interbed) and horizontzl fiow to a

point of discheroe. Celculations by Intera Environmental Consultents, Pacific
HNorthwest Laboretories, and BWIP staif indiczte that the bulk of the travel

time between the repository site &nd the river is expended in vertical move-
ment upward through the Grande Ronde basalts. These calculations bound the
regional mean verticel permeability between ;0‘3 and 103 feet per dey.

No mezsured velues of vertical permezbility exist. Measured values of hori-

zontal permeability in the same unit véry one to three orders of mégnitude and
2 similar rence of verticel permeadbility can be expected.

Heasurement of vertical permeabi]fty is key to the deteminztion of
ground-water flow travel times, especizlly in the cdense interiors of the ba-
selt flow which contribute to the bulk of the travel-time. Calculated ground-
weter trevel times to the Columbia River range from 15,000 to &pproximztely
100,000 vea"s'and were calculated based on a2 repository loceted in an &rez of
average vert1ca1 permeability. Without field measurements of vertical permea-

bility prior to siting the repository there is no assurance thet the mcst fe-
voreble location has been selected with regard to this key parameter.
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Hydraulic head is the primery driving force for the flow of oround
water. Hioh values of head develop in confined or partially confined aquifers
simply because the recharge erezs are &t higher elevetions thenm the duschaf'o°
areas and resistance to flow 2t low velocities -does not substantizlly decrezse
the pressure head. Thus, in lower elevation areas elong the Columbia River
(see Figu;e 4), artesian cenditions would be expected. Where hydrzulic heads
are grezter than the elevation head of land surface, flowing wells will exisz.
These conditions exist in the aquiters of the basalt sequence &nd flowing con-

itions heve been encountered in Kells DC-14 and DC-6 whvch beth 1ie close to
the Columbia River. .

Pressure gradients are generally downward in the recharge areazs or
higher elevations and upward in dischafge ereas. Locally, pressure gradients
very within & given wa]i; this may indicete pressure drops &ssociated with
higher permeability zones and until proven ctherwise should bz zssocizted with
¢ large range of permeebility in the horizontal, and probebly the verticel, di-
rc:tion. Pressures representetive of undisturbed values are difficult to mea-
sure in boreholes because of (1) lezkeoe around the packer systiem between the
backer and the rock or within the fractured rock itself, (2) ciogcing of the
natural interstices in fhg rock by dri]]ine'mud or particles cenereted by
drilling, &nd (3) the time necessaﬁy to reach pressu'e equilibrium in low-
perm2ability formations. .

The celculation of ground-water flow is dependent on permeability and
pressure gradient, and in general is more sensitive to variztion of permeabil-
jty than to changes in pressure, However, sma]1 changes in pressure across
Tow permeability formations of considerzble-arezl extent tan result in flow of
large volumes of water in a relztively short period of tims. for this reason,
land beczuse pressure gradients are key to determination of ground-wzier veloc-
ity and associeted trevel time, the meeasurement of hydrazulic hzzds is impor-
tant in establishing the viability of & repository in the Grande Ronde
basalts. ' ' | .o -

Within the Saddle Mountain.and Wanapum basalts, & considerable amount
of pressure head deta exist. Fewer data are availeble for the Grande Ronde.
Kork is under way to collect heed data for the deep basalt units; however,
existing data should be analyzed for anomelous values (either hioh or low) and
these velues should be remeasured before they are given much ws:ghtiin future
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calcu1at1ons. The additon of the ﬁeeper.head data, and verificzton of data

that appeer to bze anomalous, will lead to oreater ce*tcwnuy in understending

of the flow system. : T ,

- «-. -...dhe.dztz .base. for.basalu-1s adequate .to concuct. pre11n1nury model-

ing of reglonal ground-water “flow in the Columbia Plztesu and in the Pasco

basin. Rgcent r:odeling by BWIP staff and Pacific Northwest Leboretories has

zided greatly in-interpretation.of hydrologic data. The direction of ground-

weier flow from 2 site near the 200K arez i§ shown to range from northwest to

east dependent on model boundary conditions and values of permeabi]ity. The

models should be used to conduct sensitivity analysis of flow direction-to ’Zﬁ?ﬁi

variation in penneablthy—Eﬁa—Egﬁndary conditions and the results should be

used to guide the ¥7e7d exp)ora;von prooram. In this wey, arezs can be deter-

mined where increased datz would improve model -results and anomalous values of

pressure and permeebility can be determined for Tield recheck%ng. )
Measured geothermal gradients zre aVai]ap1e in about 16 wells in the

beselt seqbence in and near the Pzsco basin. The gradients rengce from 0,.88°

to 1.52°C/100 71, with bottom-hole teﬁperatures ranging from 20°C to 97°C.

The depths of thz2se holes renge Trom 400 to 9,500 feet. There eppears to be

‘j; enéugh variation.in the gradients to meke these data useiul in the interpreta-

- tion of cround-wzter flow. Accurate tempereture date, combined with three-

dimensional modeling of water movement &nd heat transpori, could aid greatly

in confirmation of the underst cnd1nc of the ground-wezter flow system.

Calculziion of ground-ther travel time requires that the velocity
and path length be known. Velocity js obtzined using the ground-water flow \
equztions and then dividing the resulting water flux by'the effective porosity
.of the formetions along the path. In dense, fractured besalts such as the
entablature and colonnade, the effective porosity is less then 0.01; because

_the denominator in determining ve]obity is small, small changes in poros1ty
can-cause large changes in calcu]ated velocity and travel time.

Recent travel-time calculations using estimated effective porosities

indicate that porosity can be bounded within-a reasonable reange without ad-
versely affecting the predicted travel time. For fractured rock in general,
effective poros1;1es are of .the order 10 to 10-3 percent and beczuse of the

hichly .rac*ured nature of baselts the lower 'values would not-be expected.
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N> measured values of effective porosity have been made in the ba-

selts. However, trecer tests ere planned for either paired holes DC-4 ang 5

or DC-7 and 8. 1If these tests &re successful, every effort-should be made to
dgetermine the range ot efiective porosities along the expected pzth of radio-
nuclide. trensport to the biosphere. Measured vzlues are extiremely important [t
Tor the lower porosity units and interflow zones. Leborztory measurement of
effective porosities of interbed materials may be adequate if appropriate
semples are aveilable. o

Prediction of the boint of grounc-wzter discharge from the site to-
the Columdia River is somewhat uncertzin. Models based on pre-1579 datd (PKL,
Interz, and Rockéel]) predict northward flow to the river. The Rockwall ver-
sion predicts northwesterly flow. These models are based on the assumption

thet known pressure heads in the Szddle Mountein and Wanzpum can be projected

into the czeper Grende Ronde beselts where little head intormztion is
available. _ ‘ o

Fodsling by Rockwell steff based on sparse but more recent date (that
include heed meezsurements in the Grende Ronde basalt) indicztes & south-
eésterly flow with discharge near Kellule Bap. Much more cate are needed to
substentiete this result, which appeérs counter to hycrologic intuition. At
present, much more dete are avzilzble to support the case o7 northward flow.
For either cese, travel times for flow of ground wetier from the repositoﬁy to
the river zre2 in excess of 15,000 years; but the trevel-timz celculation
contzins a large amount of uncertzinty. The uncertainties zrise from the
mezsured or estimeted ranges of parameters usecd in the calcuiation; e.g.,
horizonte)l permeability with & meesured renge of three o}dgrs of mzgnitude,

Cvertical psrmeebility with an estimeted renge of three orcers of magnitude,

sperse heed measurements.in the Grande Ronde baszlt with not enouch date to
construct & head confour map, an estimated range in effective porosity of
about two orders of magnitude, and path lengths that range over a factor of
three. If these uncertainties can be reduced through additional refinement of
existing ¢2te znd collection of missing datz, then a travel time of 10%

Qears i's edequete if the uncerteinty cen be shown to be less than one order of
maonitude. In doing this work, the path of flow and point of discharge will
be further refined. In this work there is & trede-off between peth lencth end
reliebility of hydrologic parameters; e.g., if the path length can



.,.‘}: : , R [47/% s

+
.

R ' 17 | é{f«‘ /w

conclusively be shown o be longer, sey to Wallula Gap,'then more uncertainty

can be tolerated in the hydrologic parameters.

Becai'se ground-watier travel time calculztions are -based predominately
on.permeebility values.that .are averaged -over .several -hydrologic units, -there
is a need to know :ne largesg velues of permeability. Highly permeable zones,
such es iqterf]ows anc som2 interbeds, have the potentizl of producino shorter
travel times than predicted by oround-wzter f]bw models that use average

.velues of permeability. The vast amount of dete required to inciude all

highly permeable units-in a thres-dimensional simulaetion may never be avail-
eble. 1f the flow retes in intzrflows and interbeds are substantially greater

“than the average flow obtained by modeling, the travel times predicted by the

model will not be conservétive. When deta are evzileble for the highly
permzeble zones, the conservetism of model caélculations can be checked throuch
@ comparison with flow directly to the high permezbility zone, travel zlong
it, ernZ flow across the upper units to the point of discharce.
The primary hydroiogic issues in priority order are::
1. Evaluetion of vertical permeebility
2. HMeesurement of hydraulic heads in the Grande Ronde
3. Using hyd?o]ogic models to guide field exploration
4, Using temperzture datz to aid §n interpretation of ground-water
flow o
5. Evaluztion of effective porosity
6. Determinztion of the 1ocation-of ground-water discharge to the
Columbia River

7. Evaluatipn of flow rates in highly permeazble zones.

Geochemicel lssuves. .Geochemicel data from boreholes show a vertical

distribution of hydrochemistry: water in the Saddle Mountains is of & sodium-

bicarbcnate type; wetiers in the Wanapum are sodium-bicarbonate to sodium-
chloride-bicarbonates; and within the Grande Ronde the ground water is of
sodium-chloride type. In addition, higher concentrations of total dissolved
solids, different isotope ratios, and older ground waters occur with increas-
ing depth. The deeper waters contain fluoride; nitrogen increases with depth;
and methane §s present in 21l waters, with its highest c6ncenrra:$ons occur-
ring above the Grande Ronde. |



. - : 1

Geochemicel stretificetion of the waters in the beselt sequence has
been presented as support for the aroument that the flow in the Grance Ronde
is separeted from thet of the overlying Saddle Mountzins and Wanapum baszlts.
Ho#ever, this aroument can only be supported-by showino that the simple con-
ceptual flow model of the baszlt sequence (Fioure 4) §s not compatible with T
the geochemical stretification. ' .
Geochemica] models such &s EQ3/tQ6 and FASTPATH should be vsed to de-
termine whether chemical differences are compatible with the existing inter-
pretation of the ground-water flow system. Achievement of agreement among _
geochemicél date, geochemical modeling, and grouﬁd-weter flow modeling would

provide strong evidence that the predicted ground-water flow is correct._ﬁ]go,

iftdempereture cdate were shown to be com;atib]e with ceochemistry and flow,
t;\*;\:E;ﬁ?TTﬁrﬂ'TTTE’E;;E__;?—~;:—;decuauy of the Undertssnding=6iground-
ﬁgEE;:zig;§fﬁFBU§ﬁ—fﬁg—Eggé1t sequence of the Columbid RiVer Pletezu.
r;;;T;‘;FBUEH‘EETE'E;?—_rio begin geochemicel moceling in the Saddie Fountzin
and Wanzpum; and by the end of fiscal 1981 enough dzta will be available to
becin prelimineéry ceochemical modeling of the Grence Ronde basalts.

1/

The presence of methzne in ground wzter of the beselt sequence is not
§uprising; during ngosition baszlt fiows encountered lekes and marshes, as is
evident from their besal pillow structure. Organics present in these situar
tions and the presence of thin coal seams in some interbeds, are probzbly re-
sponsible for formztion of methzne. The quantities of gas in the Grande Ronde
should be evaluated and the datz used in design of the repository ventilation
system, if necesseary. ‘

Interaction of ground weter ‘]ow.ng through the fractured basalt has
czused the formetion of secondary minerals. These minerals fill or partially

<

fi11 the fractures &nd reduce the permeebility of the basalts. The fracture

fi]]ings zre predominztely composed of smectite cleys end zeolites. In the .
presence of relatively low temperatures these minerals are known to undergo
chemical changes that decrezse mineral volume and releazse interlayer water
(such as the transformation from montmorillonite to illite). If a volume re-
duction in fracture-filling material were to occur during the thermzl pulse,
the permezbility across the host unit (the Umtanum) could increase and 21low
more water than anticipeted to flow through the.repositony.
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Some recent wark indicztes, that 2t tﬁg expacted values of in situ
stress, the temperatur2 is not high :hough to ceuse volume réductibn. ‘This
leboretory work shows thet, with increased streés, the temperature necessary
to cause mineralogic phese changes is higher. _However, field evidence from
deep formations in the Gulf Cbast shows thzt changes in smectite minerals
occur at temperztures caused by the natural geothermal gradient. Work should
continue and should inzlude geologjc.analoé gziz collected frém geoéherma]
deposits in similar beszlt sequences. .

" The three primary geochemical issues in priority order are:

1. Interpretztion of the regional geochemical system .

2. Eveluation of the behavior of secondary minerals at. increased

temperziure

3. Determinezion of the quantity of methane expected in & basalt

reposiiory.

ite Selecticn Issues. Site

selection for nuclear-weste repositor-

jes cenerelly becins with a set of criteria and a screeninc process that con-

sicers successively smzller land units: conterminous United Stetes, ‘regions,
S'

areas, locztions, &nd pdigntia] site This process can be done either for a
perticular host rock cr in sezrch of fzvorable hycdrolosic conditions, irrespec-
tive of the host rock present in the .identified gzologic environments. In
accition to these arproaches, exploration wes beoun on federel lends that have
alrezdy been commitzec to nuclear activities (the Kanford Reservation and the
heveda Test Site). This exploration was initiated to determine whether these
federal lands were svitzble for the isolation of nuclear waste. At both
“locetions some attemﬁf hes been made to screen land outside but adjecent to
the nuclear reservations. ,

In the case o identification of potentiel sites in basalt, the use

"of & mixture of the screening processes described above has left an unclear
picture of how the potential sites were selected; no single document either
becins with the Hanford Reservation and narrows to potential sites within it
or begins with a rock type, basalt, and narrows to potentiel sitgs within the
Columbia Plateau. -This leaves the reader with two possible impressions: that
sites on the reservation were predetermined, or that the potentiel sites
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selected could not withstand the rigor of gither the host rock or the oec-
hyoro]oo c epproaches. ' .

The site-selection documents for bzszlt should bé:rewritten based on
the premise thet the Hanford Reservation was.selected for exploration beczuse
it was dediceted to nuclear sctivities and, because of this, every attempt to
find en adequzte repository site on these federzlly controlled lends wes being
made. To dispel doubt 2s to the adequacy of the potential sites selected, the
selection documents must clearly begin with the Hanford Reservetion and narrow

to potentizl sitgs,-whi]e showing strict adherence to criteria contained in_
NWTS-33(2) and NRC 10 CFR 6U. The primery issue in site selection-is not the
site selected but the inadequacy of the description of the methods by w i L“
was selected. : /j} ;%if;tLL
From the potential sites on the Hanford Reservztion, the most luke]y
site for isolaiion of radioactive weste will have been selected when the site ‘”2><;
for an éxp]or“ory sheft hzs bsen chosen. The explorztory shaft and related
testing, while pcrt of site charecterization, should 21so be viewed &s
confirmetion of exploration deta thet wzre used to select its location.

In view of the hydroloc c anc ceologic issues, the sheft locatio
should be based %o a large extent on & few key parameters (e.a., ver tice
permeebility which in turn §s & controlling fector in ground-weter travel
time, and in situ siress which d-.-rnwnes whether desicn of a fecility is
fezsible under the expected high horizontal stress concitions).

Vertical permeability isAexpected to vary lzterélly by about two
orders of magnitude. Hence, it would be prudent to locate the shaft at a
pcint of known low verticel permeability. Velues of verticel permeabi]ity can
bé measurea in boreholes; even thouch borehole methods are less accurate than
testing in mine openings, thay can serve as 2 basis on which to select the
shait locetion. .

~ The horjizontal .component of in situ stress is of major importance

only at the repository site, and prjmar11y in the host formation. The value
of the retio of horizontal to vertica)l stress influences the mine layout, the
sﬁape of drifts, and the size and shape of disposal rooms. If this ratio were
too high, higher than say 3 to 4, it could rule out cesign of 2 functional re-
pository because the thickness of the host fofmationfis limited. Theretore, -
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it is prucent to attain some mszsure of in.situ stress prior to investing in

the construction of the sheft itself. o )
Because of the larce gquzniities of water expecied from interflows and

interbeds, the desiaon of & shett shoulc include a performence assessment of

jts construction. ” '

The two site-selection issues in priority order are: .

1. Defining the basis Tor locetion of the explorztory shaft
2. Describing the screaning process for selecting potential sites.



. 22

RAREINS OF ISSUES

The renking of issues at anx given moment in time gepends cn: (1)

the stete -0f -technicel understandinc of the subjects to which the jssues re-
ete; (2) the project emphasis at thzt time; 2nd (2) the schedule for develop-

ment of & repository. . T

The stzte of technical ungerstancing of geology re]ateq to the issuves
presented can be brizfly summarized es follows: (1) in situ stress is known
to have & horizontzl to vertical retio of greater than one, no meas;remepts-of
in situ stress exist, and measuresents are planned- in the near future; (2) the
Gable Mountzin fault is known to kzvz had recent movement, yet no dztziled
studies of the extent and character of the fault zone (plane) are eveileble;
and (3) there s contiroversy over thiz mode of deformetion of the Coiumbie
Pleteau, and some efforts outside 3».F are being meCe 10 resolve this contre-
versy. '

The stete of understendirz of the hycrology of the besalt is zs Tol-
Tows: (1) ver-ical permeability hezs been known to be 2 key jssue since 1578
plznned in the FY 1981-1982 tirz ireme
(2) mecsurement of hydrologic heacs hes proceeded since the beginnizng o7 -the

nl
tn

end thes first measurements of it er

th

program, and every effort is being mecde to obtzin measurements in the CGrends

0 [}

ure dzzz for interpretation of ground-water flow; (4) the BWIP steif z
eginn‘ng to use hydrologic models ts guide the field exploration pregram; (5)
no meesurements of effective porosity have been made but they ere pianned in.

Ronde in the FY 1661 &nd beyond; {:, no attempt has beer made to uss tempere-

FY- 1081 znd 1982; (6) recent modeiin: hes shown that ground-water fiow is gen-
erally northwerd from the site with Zischerge to the Columbia River; however,

there is still considereble contr cvErsy over sparse deatz thet indice:

m

southeaster]y flow; end (7) some work has been done on eveluation ci Tlow
rates in highly.permeab]é zones. )

The state of technical undsrstahd‘no of the geochemistry-related
issues is briefly as follows: (1} h geochemical data exist te bacin in-
terpreteztion of the regional geocrer:ccl system, but this modeling woTk i
2 very preliminary stage; (2) soms lebo oratory work hes been done on the bzhz
ior of secondery minerals at increzse? temperature thet appears to 2= in
agreement with field evidence fro- cther locations; and (3) methane is kn
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tr exist, but no calculations of the quantitieé_expected in & repository are
avzilable. ' ) ‘

The status of site-selection issues is as follows: (1) attempts te
define the basis for locztion of an early sheft have bzen under wzy since the
beginning of FY 1981 and considerable work remainé to esteblish this besis;
and (2) work és currently under wzy to rewfite the documents dealing with the
) screening.process used to estzblish potential sites.

The Ev1P project emphasis is currently to: (1) to develap enough
geo1og.c and hydrologic data to use. these data to select potentizl sites _
within the Hzaford Reservetion (nEcr]y compieted); (2) characterize the most
favor:ible potential site to the extent that a shaft and related test facu]vty
can be desioned; and (3) construct the sheft and relzted test 7acility to be
‘used for continued site characterization and to some extent for confirmetion

f prior site explorziion date. '

The scheduvle of the above activities is to complete site selection
and shaft and test facility desicn by early FY 1983, When thése desicns are
completed, ¢:2ft construction is scheduied to begin in FY 1983 and completion
of both the shaft and shait test féci]ity is scheduled for the FY 1984-1985
time frame. Pre]i.inar§ testino in the exploratory shaft test fac.]u;y will
be completed in FY 1985, The COH'EPLUc] desicn of the repository is currently
under wey, with Title I design scheduled to begin in FY 1292, A consicerable
amount of in situ testing is.schedu]ed.between fY 1985 and FY 1292,

Prior'tv'LisLino. Baséd on the stete of understanding of geology and
hyd*o]ogy, the project emphcs1s, énd the current BWIP schedule, the issuves
shown in Table 1 were p]aced in priority order 1 throych 15. The first e19ht

f these jssues (items 1 through 8 in Table 1) are of nearly equal prierity
and should be considered key issues that must Ee resolved in order to estab-.

1ish the edequacy of Hanford for isolation of radioactive waste. OF these key
technical questions, issues 4, 5, and 6 should be viewed as convenient too{s
for confirmation of the level of understanding of the

and locel
hydrologic systems. The remaining issuves (ifems 9 throuch 15) gre important'.
but should not be considered key issues becau rrent state of under-

standing,'they can be either compenseted for through enginecnring design or
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TABLE 1. RANKING OF IMPORTAKT GEOLGGIC AND HYDROLOGIC
ISSUES RELATED TO A REPOSITORY SITE 1IN
COLUMEIA RIVER BASALT

1%

Eveluetion of verticeal pernaab117ty

Héasu}emeni'bf bydraqlvc head in the Grande Rénde‘
EQaluation'of in situ stresg &t the 1océtion o7 the early shaft
Using hydr>logic models to guide field exploration
Interpretation o7 the reéiona1 géoéhemica] sysiem

Using tamperature date to &id in interpretetion of ground'ha
Eveluation of the Gable Hobntain_fau1t and releted structures

Eveluztion of effective porosity -

aamm———

Defining the basis for locztion of the early shaft

Determinztion of .the mode of deformetion of the Columbiz Plateau
Describing the screeninc process for selecting potentiel sites

Determinztion of the locetion of ground-wzter discharge to the
Columbia River '

Evaluztion of flow retes in highly permeable zones

Eveluation of the behavior of secondc'y wune"als 2t increase
temperature

Determinztion of the quantity of methzne expected in & basalt
repository

R



described acequately through consideredle effo;t. One of these issues, issue
13, is of creet importence in the dssicn f the exp1ora;ory shett.

* — Issues Related to Shaft-Locztion.~ Two-key-issuves described-in =
Table 1 relate to the selection of the location for the explorztory shaft
They are eveluation of the Gable Hountzin fault and eveluztion of vertical
permeability.

The evaluztion of t..: Gable Mountain fault is imporient because it is
2 young fault trending tokard the proposed site. The determinztion of\the_the
extent of this feature is crucial to the shaft location beczuse any existing
Tateral extension of it in the direction of the site could affect the site,

_based\gg_i:s proximity to @ young feuit. The cheracter and extent of the

Gzble Mountzin Touls—must ciusively eveluated 2long with any essociated
linears that may be discovered throuch analysis of geophysical detz.
Eveluztion of vertical permzebility is important to the location of

‘an exploretory shaft beceause of the expected range of variation in vertical

permeability. Vertical permeebility is & mejor controlling factor in ground-
water travel time. Locating the repcsitory et a point of hicher values of
permeability (within the;expected rence) could rule out the repository site
based on ground-water flow travel timz. '

Issues Relezted to Sheft Desizn. Two key issues ens one other issue
relate directly to the design of the exploratory shaft., They are measurement

‘of hydraulic head, evaluztion of in situ stress, and evelvation of flow reates -

_in highiy permeeble zones.

Good pressure head deta ars required for &l1 units having the.poten-
tial of producing significent quantitieé of weter -- for &1l aquifers between
the surface and several hundred fee: below the Umtanum. These daia, comdined
with permeability data and geometry of the aquifers, are used to predict the
amount of water expecied to flow into the mined or drilled shzft. Becpuse the
sheft will bottom more than 10D feet below the Umianum head, permeabiliﬁy date
are extremely useful to evaluzte the potential for repository flooding in the
event of bottom-seal failure.
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The retio of horizonial to vertica) siress is important to evaluate
the potentiel for rock bursts during excevation where conveniionzl mining
methods are used. These rock bursts 2re expected io be of a slow stress
relezse nature, such as spallinc. In the case of drilling the shaft, the
pressure of drilling mud minimizes the potentiz) for rock bursis. |

The value of horizontel stress is especizlly imporiant to the dssion
ot the repository. It controls the size, sh:zpe, and spacing of drifts and
rooms. Stress ratios greater than Tour could preclude the desicn of an eco-

omical or functional repository. Therefore, every attempt to measure or pre-
dict in situ stress should be mzde prior to construction of the exp]ora;ony-
shaft. : . - '

Eveluation of flow rates in highly permezble zones is impor%ant to
sheft desion for estimating expected inflowduring constRuction. Preliminary
estimates of flow into & shaft range fpofh 105 to 105 gpm
rived fro fJues and rances will
have to be cerefully revised based on deta from the shaft expleratory hole.
Dapendent on the mode of shaft construction,-large quentities of flow can

primerily ce-
m Tlow-top breccaies and inter:

prevent 7 eez7no the Tormation when treezing and conventionzl mining are osed,

or may :asult \n washmng ou; highly fr ECLUFEd zones into the hole when the
sheft is being drilled.
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METHODS USEFUL IN 1SSUE RESOLUTION

In this section, methods of anzlysis and/or issue.resolution are dis-
cussed for selected issues where mzasurements and/or resolution are not yet
under way. Data collection Tor issves thzt are not discussed is either
reTative]y straichtforwerd, requiring only time to obtzin enough dete, or
resclution is near at hand. '

o Heasurement of vertical permeabi]ity, beczuse it is reguired along
the areal extent of the transport peth from the repository to the biosphere,
must be determined by borehole methods. An epproprizte method, such as the
retio test, should be applied in paired boreholes. The pulse test could possi-
.bly be used in peired holes, one inclined-and one vertical, .if there appears
to be any advantage over the ratio test. At the shatt location, borehole
‘methods of measuring vertical permezbility can be compzred with later testing
from the sheft that will be conducted in horizontz) openings or ¢rill holes.
’Tﬁe latter methoc, testing Trom the shaft, should prove to be more relizble
tnen meesurements from the surfece in vertical boreholes.

In situ siress mezsurements comparable to the dezth of the Umt 2num
ere mede routinely in oil_exp]oration vsing the method of hydraulic frzctur-
ing. Hewever, it is unclezr whether this method can be used-to determine the
high horizontel stress because the most likely direction of fracture should be
2t right angles to the minimum principal stress. i

Overcoring has been used successfully in drill holes to a depth of
about 500 feet. It appears likely thet, with some development, this method

_could be extendec 10. measurements in deeper holes.

A third elternative is tc estimate the macrnitude of the horizonte
stress using laborztory methods. Horizontal to vertical stress ratio can be
ceiculated by constructing & curve o7 radial to axial stress through testing
cores to shear failure in the laborztory. Then the axial {vertical) stress
can be assumed to be the weight of the overburden-and the corresponding velue
of radiel (horizontel) stress can be determined from the radial/axial stiress
curve. ’ ;

. The. geochenrical data irom the Saddle Mounteins, the Wanapum, and the
Grende Ronde are currently extensive enough to begin preliminary celculations
using the more complex geochemistry modeIs,'such as FASTPATE and EQ3/EQS.
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Some preliminzry work on these data hes been done by Pacific Nort hwest Lebora-
tories based on limited zvaileble date. Enouch dzte are currently available
to begin detailed enzlysis using geochemical models and tolcompare the resul<s

with the bredﬁcted grounc-wzter flow system.. Also, aveiléble ground-water
temperature catz should be $nterpreted using flow mocdels thet ére czpeble of
including hezt transport. The results of temperature and neochemiga] mogel-
ing, if successful, could considerably "educe the uncertzinty of the grounc-
water flow precdictions.

The coniroversy over the mode of deformation of the Columbia Plateau
could be reduced considerably through-a workshep where'pa"'cvpun;s presentec
their views and interpretetions and agreed on which theories merit further
work. . This workshop should be sponsored by DOE with close coordinztion with
the U.S. Geologicel Survey (USGS) anc Wzshincton Public Power Supply System
(WPPSS).

"7 The determinztion of the point of discharge to the Columbia River anc
the apparent disecreement czused by recent datez :nd new inizrpretetions that
heve not been relezsed by Rockwell shouid be resolved. An approach to
resolu..on would bz Tor Reckwell to relzése the date, and their interpreteticn
of it, to intérested pa;;ies. fter & reasonzdle review perioc (sey 4 to 6
weeks io &1low other inveﬁtigators tims to anglyze the dztz &nd results). thers
should follow & presentetion of the- ca:a and their interpretztion by the
Rockwell staff. _ '

. The leboratory results showing that volume reduction of secondary
mineréls at increzsed temperature is not 2 problem 2t repository depth shoulc
be substantieted. One wey of doing this is through the use of geologic zna-
16cs. 1In thi: cese, 2 good geologic arelog is available from geothermel depcs-
its in layered beszlt sequences. The secondary minerals from these oeoth-..a
areas, from depths equivalent to the degth of the Umtenum, should be anzlyze:
to determine whether volume reductior has occurred through phase changes in
the fracture fillings. . .



CONRCLUSIDRS AND REZCOMMZKDATIONS .

The efequacy of the Columbia River baselts for isotztion of high-level
wészes in 2 mined repository.can only be confirmed after key issues are re-
solved. Steps to resolve these issues cen be téken prior to sinking an ex-
piorztory shaft 2nd preliminery evaluations of items such as verticel perme-
ity and in situ stress would aid in the loczzion and design of the sheft
ang related test facilities. . ' ,

V At the current stete of understanding of the geo]ogjc and hydrologic
systems, the isolation czpability of the proposed site appzars adequate, with
.2 censiderable amount of uncerteinty in the predictions that have been made.
ks <he ceologic and hydrologic dete base for the baselt sequence is increased,
the uncertainties associated with ground-water flow, transport, and travel
timsz of water and redionuclides to the biosphere will be reduced. However,
beczuse of the structural and stratigrephic complexities of the baszlt flows,

¢nd the sartially confined agquifer system they .contzin, uncertainty of predic-

1

he bzsis for this belief is that baszlts contezin some of the largest fresh-
wzizr aqu%fers in the wé§tern United Stztes. The Pasco basin lies in the dis-
¢hzrge zone for these partizlly confined aquifers, which results in upwerd
pressure gradients. Flow of ground wzter thrbugh frectured systems is not as
understood as for anisotropic homdgeneous meterials. Also, geologically
spseking, the depositibn of the basalt sequence and the tectonics essocieted
witn their folding and faulting are relztively recent; e.g., the processes
_thet produced the geologic structures in the bzselts are still proceeding at a
inite rete. If.the uncertezinties associated with predicting repositery per-
formence cannot be reduced substantially, they will lead to problems in
licensing a repository on the Hantord Reservation. .

In general, the authors found that catz contzined in BWIP reports
were not presented in 2 very usable form (e.g., to answer any given question
many reports, maps, tebles, and cross sections are required). Usually an ap-
prepriate section or page of the report could be found thet should have ad-
¢ressed the given question; however, it was alweys lacking in the amount of
cec2i1 needed. The data needec were alweys found, but with considerable

evfort.



o

. . . 30

. For this reason, the authors believe thet the descriptive reports will have o
be entirely reworked before they can serve 2s ugeful references for future
licensing documents. The primary.reason for recesting the-documents is to
sienificantly recuce the tinp requirec Yor Teview during & licensing '
procedure, . . )

Every ettempt should be made for répid release of geologic, geochem~
ical, and hycdrologic ‘deta so that other investigators in the NWTS Proc"an can
review &nd use them in their calculetions.’ Eerly relezse of detz and inter-
pretztions would tend to tezke advantzge of expertise in other parts of the-
program tha:t currently §s not being applied to the potential baszlt site.

A summary of the discussion of jssues is presented in Table 2. The
issues are presented in priority order, &long with & brief status, recommended
methods of resolution, End the primary Lse of the inTormation (Table 2).

In e2dition to the recommendziion made above, recomwendat1ons relatad
to sp°c1f1c issues are as follows: .
¢ Varticel p.-=eebility should be evealuated using two-well tests ez

the site and in several other 1ocatioﬁs prior to sheft sinking.
* A potentiometric mep of the Grande Ronde should be constructed as
_soon &s possible.
¢ In situ stress should be measured or estimatied in the Umtznum at
the si<e prior to shaff sinking. | .
¢ Work should be initiated to interpret geochemicel data using hy-
drochemical models and the results should be compared with pre-
.dicted ground-water flows.
) ¢iled temperature data shou]d be collected from aveilable bors-
. 'holes, and znalyzed using thermzl-hycdrelogcic models, and the re-
sulis compared with interpretztions of grounc-water flow.
s Kork by BRIP on the analysis of the extent and character of the
Gzbie Mountain fault should proceed es rapidly as'possib]ef
» The basis for selecting the location of the exploratory shait
should include a performance assessment of its construction.
o A DDz-sponsorec workshop should be held on the mode of deformztion
f the Columbia Plateeu. Participants should include ONI,

-
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Rockwell staff and contrectors, USGS stafs end contrectors, WPPSS
ste?f anc contractors, and selected experts in tectonics.  In
plenning this workshop there should be carefuT"coordination with
USGS and WPPSS. ' .

Bocuments cescribing the site selection process on the Haniord Re-
servation should be based on the premise thet the arez was
selectec .Tor exploration because it is dedicated to nué?ear activ-
ities, and that every attempt is beinc mede to Tind an adequate
isolation site on these federally owned lzncs thet are dedicated
to nuclear activities. . ) ' .

The Rockwell interpretation.of southeagtér]y flow from the site
should be documented 2long with.all supporiing cate, +he document
should be distributed for a six-week revizw period, znd the review
shculd be followed by & Rockwell presentézion of resultis.
Geclogicel anzlog dzta on the behzvior of s

m

condary minerals in
besalt &t increased temperature should be ccllected from geo-
thermz] deposits in compzreble basalt set:zings. '

P

A calculz-ion of the amount of methane exsected in & basalt
reposi.ory should be mace.



)S,‘N\ _Sume 2¢, 1980 | s

TO: =&R. 3. Gorznscsn, Prolect Manacer L _/m£~ g Aé;‘%?égx¢
Basalt Waszte Isclaticn Przocranm >
U.S. Depariment of Znergy y Dék%btfld& . ' '
Picnland Czerations Oflice . .
Richlang, Waghincton 9352 3 /&c ¥/ /%J.. '_C%"\
* 1

Zwiyolccy Overview Cormmittes
Patrick Comenico
illiam Cudley

TR0OA:

1w !
141
N
(41

2. 2llan T
' Peder Grime
Snhlom X
frank ?
£fe J. 2

2 -

§
!

5
oo

9w

<

1.
ane
!\ .

AW)
§
&
S

14

1]
v M

: AL T L 7

M

' o

Dear DicXk:

954945‘?(7»

- . . s - AL A e Lt

Enclosed you will £ind ocur repori’ dealing «with the sitez and oro ]
2csessment at Eaniosyd 2long 'with scme recommendaticns for further studies.

. > O h < . o s, - -— = e pesm S - v -
We loek fezward 0 cuchanging views with toth DOE andéd REO in egrlw-f2il /;7

(e

-

/5411.7[}) M et /77

N
,

feeails Lot et

-

.7.. Cv/m\_
¢ 1%
gym&% _7

’ hg'ét( e | /{;uOLé.

- cL;4V7?y2¥ZA:;44A;¢;ZAL
2?L44/¢23&40b7 7CZ/4A¢ 0&44i}4:31}- :ﬁ¢z§2~bééf/.§_/voq /cﬁacAgf



.

Y D

ROL

.0

ld'

OVEZRVIEW, COMMI

. Patrick Domenico

: Willizm Dudley

R. Allan Treeze
Pecer Grimstad
- Shlomo P. Neuman
" Frzenk 7,.. Parker

- . F. J. Pearson



by mexzkers of

(&2
2.
9

v
120

Jo (D 1 3 ¢t
)
(4]
th
v N Q

cer-
ned
Docunents
cuasted
stpplemanted
cerforming
sicnal zasis
frank

12
o]

O P 0 -
~) - ¢t 2
0

b3
0~
9
)

J
"
14 1D
0]
[

(KU ¢ 1]

et <
0
I

O e
Q
0
fi

oD th Y
< I
ny P'_,‘(

[

AT 1]

[0 <

14 )

<) (B
O

(S o)

1]

[1amal

1 v
9
Q
1 8
| S

|(,
'y ny o
- O

e

stanéing ol the Han
frem® the Geolog hy
of Decemzer, 19

"ou
1’ )
Yo

Tt
s
e O
9 H 0
s
rr tu) v
n
?
p I}
J
0

\0

. various ¢
ttee. This infor
ions by Rockwell st

ndscted on a h

0 <

0o

X2}
[ St P ]
Y

IV § S

fv

0w

'Y ¢ 1 O v

by discussions w
the werk. These »r
and the Rcckwell sta
approach in cxscuss

[
rn 1=

[ §)
He Ir U 1=

N
12+ O
0
] Q
o
rr
v
ot

n <
. 1t

.

e ke
11
(¢}

0\
m
o

L)

er e ot
n
ctr

* O

T
(14

e
A}
8]
| 4
[0

[{e]
| 2dd
0
]
n

‘o
(1]
0
(23
tn
[0}
h
ot
1]
M)
o
3
(o)
[a}
(ol
0
ct
14
L ]

‘g M
RSN R ¢
%H% N
}=4
I !l. [N
)

¥

0.
t
1
"
12
1’}

J

[N

nhyérologic aspects, two tz2sks
by st €eals with cur own
e. These discussiocns 2
sponse 2long with scme s

p)

J-2 14

) '
o '5

With r
adcéressed 1
log*c assessxm

the Negati
tha: recuire

87

"

o
]

-
-

I.‘.
miHIro
yY12 0 W

L]
2]
tn O'C M

(
[y
1]
HH
m
:!
0
H
L
0
T P~H\
t 0 E
Jre f2e

e

his is not mecant to e a
e re:ognize that hyérolocgy is cnly cne zér

2z 1 repository, politiczl, sociel, &n
others. 1In this section, we restrict curselves to cur
f professional ccapetence ani Zocus on‘y cn those hvéro-

13
et O ¢+ §oe D
1y
0w O, M

'-] o rt
Ut 0
120 oo ¢

12e 29
Pe et
l.<

ct

0o
1 1D

rt 0

4 M +4

[11]

cr m

0
14 5

.
@

| B

3

o (M
m

"

)
«a

n is concernec.

s ep ort is cur a2ssessment of the invest
s informztion. has alreedy kteen presented in cur ic
3 . Goreznson ané the pursose hersz is te psdzte our re
ew of the new (¥ay, 1880) Planni ng Document &nd tc present ocur ‘conc

.
nis r ve

de Qo dm g
R oty uh A
-
-. -
DG~
-
e
-

se
nsus

n
3

.
.
<
-
~
~
[ede

-

m'U
H
-
(23
[
n
ct
1]
rt
m
(o]
¢
¥
fv
44

F
®

fwifyL n l
H .

I

n

"

o
(4]
®

n
“
Jn
14+ 0O O rt
0
- iy 3

Iy ¢t

J O ca N 0]
joe
tio v o b

serv
geolocy oF -h site”. e trust tha
attituede. There is rc_llv cnly cne s

this site ané it is the so**o*o‘1t~c=‘
U.S. nuclear reservation. The true
Columbia River 22sa2lt Group as a whole is-

‘high-level weaste “e"os::o*v It may well =

® v

O <

1-
Hylyee foe

0 'o

]

I
ol
tt
fu* )t

N
Yy ot
m s

n.

et

v,

ﬂl

n
[l EATY 4

—
13

t
and/or careiul encincering cesign it can be shown to Ze accep

but it cannot be stated that the "ceology is Zavorzble”.

A2, TFlow Patterns

A2.). The HIR makes the case tha:t the most likely discharce arsz
e for the Coluxki fwear tasalts is the Lake Wallula portion
of the Colun=ia River (REClun I

I, ¢ Tic
reason for the esgousal of the Lake Wallula discharge area
; appears to ze the azsarsnt lack of nvéraulic intercscanecticn
betwecen the interbed acuifers teneath the Columiia Rivar in
’ the vicinity of ‘the Hanford Site (HIR II-147; III-293(D); .

S
re consicderably less than icezl insofar as a rezcsi- .\



.

4A2.3.

—

111-208(k)).
ance with the usuz? ¢

The %Wellula

o~y e
...:".-Q:-\-u

al "~

inTthEtTE valizy of the .

lev is

o5

s to te

EE s LT,

n is borne cut by tac

f

'(1

erhaps some'wh

<

m
L]

| 2%
om

1
ct
S ]

f-ee

L.

1¢ L ory Y 1%

<

Hanford Site, with
throuch the
River. In

(44

n

HIN)

0 'y

4o gt m

[E g ]
th O un
- 0
O ¢t et 0 v oIg
1

n
Pelge 0 ¢ - 0

[ ]

3

shex

¢

e
-¢
-

crears.
om the uvncen

River 2

b
-

+h

e

not nece
¢ connection

i+ ¢t

c
".be’a nichly permezbi
£lcws in ozder 6r &

3
L ron o

The cues of the lcwermest basa
will dischzxce into the Columbia River cr
" into 2 more regicnal system dezends on the

various layers, the cverall hvéraul
divides .to the Colundiza, the re
values of the ccmzonent flowe =2

of a regional sink of creater prcm
River. The repcrt sucgests such an
only frcm but s the Grande Rende Sy
apparently not,,uiiicient to
charge lo or., wa woulé ke
tern discussad In 32.1 Zails
Acain, the prominence of -the

o

resolve this
cuite surzris

.
—~ e
-l e

3

Interkasin
- €ross scne
Hills. Althecu
tocogrzachic hic
Columbia

ot

"

20

oncée s

3
s (2

(LT o I{ ]

fu ¢t 1o (D

pd

> a
|Jo
120

J' 0. O

19

s may
same
c
cers

1. 0
o w

a

0 i o A

ro F -
2

1%

r O
(0]

"

1« O e D
g

n N

"

fw O @ 1-"

W1t et (0
et 11 N

|I-

Y

0 '

o)
o

: - — 2 7
%23 lencth.* The hydrzulics
—— e P Y S N

Pa&ss unce
éischarce into

rouncéwates

_and Wanapum

narge to tazke place.

such

lcw,

S memiee & Su e S a—

aimest_2lwavs-a

* om——

g
o
[ ED

L]

- -
latzer
et

“oh

3]
'
i

(=]
-

nt

¢#cﬁ
e
1-57 ip)

2% the

w in

UL
-t

!
w0~

* kD et
th O U

2}

0

b s S T L T {1
U §r ~

)

!
0 14

55

1 (v o}
v 0 rtr
- ct

0

(4]}

.
.
.

0
-
H)
S

> cr' M
H

o
o @

J 9
0 L
1y M ¢ ¢t (O
H
[iY
"
fh !

o v orh N

{
§2e ¢t .(l’ [\

* un

-

[

o
(1]

[1)]
LA 0
[0 'Y §

¥ !;- 1 O v I8

{ rt ¢t

-
[

M

ssary

eCIoE

.
»

0

+the Co

£
wren

n

Alihouch

cuestion o

~ -
[c3e [

e

Tthoin D th (D F

g1
({1}
[

0
= 'y,

-
1

o
.

]

ot
PO NN I D
310

2

vstem woul
‘a&s the
not b2
sanse

Y
[S2Y]

-~

(1

uasive.

the Colum
be fvlly
the {low



finalized conece stual =
‘that vertical flo» onus
bc ccrmpletec. The ¢r
by vérticzl mcoven
or, more ::eva‘ently k=%

s

4

24 to in A2 and in the conceptual mecels of EI2 Iz-
o r

m Lo
e

) e ]
4. ¢t
< -

O g ¢t
<
]
¢
in
o
0 rr 1t

ures &angd --
and intar-
;ﬂrecessa:v

.
h cerm

st llxe’v, *cth hak ple

ot -
2]

movements throucg

i
10 1 f"
7]

- '.'.g D
Ly

b4

[*3
c
le hy
lgg"baSQl* ‘lcws." What eUEzﬂihe nos
i .

é

DotR); it 7is ‘clezr thazt scme sor
exists. This cermezbility mav be

\in eéxillneles (GIR III

‘» Structures (2IR IIz-1°24)
M\ ert

ure
_the recional flow
v

e
KsRockwell szems to ‘mo‘y.tnat

-t
[
.nisms can occur on’v along ma
s, tures. « We suggest that ccx
place by lezlzge acreoss even tﬁe

s
'scales. Onec sczle of permeszbility is w
HIR II—23, which shows Zoth entabulatur
criss-crosseé by verticzl and other fra
_further the reference in the Geolegy In

i

i

A
8]
—
)
3

"

‘Jrfﬂfbm
(34
[
"
[14

I et 0 O
-l
e

v [0 1= DN

Yol Bt 0

oo

"(GIR II1I-98) to 'hackly entabulature”

Grande Roncée. GIR IIZI-81 records ver
"transect cortions of the interiors o
in scme czses cress flow bouniaries”.

e
th He

3 Mm
0
Mt
n
rt
fo
ct

1o+ 14

" 1o 0
[ ED
<

{1 M
o
fu rt
V-
0
z
0
5
f

3]
(2}
7]
[

o |2
o

LB IL

{0
(¥
[}

1 .ﬁn.
1
t

9]
h
1, 10

i

o
et [
2

l

)
N
L
4
0
%
n
9
‘l
<
w
o
Y
0

fr
7

Der foot. At yet another scale are included

fractures of larce wvertical extznt that criss-cro

-+ tn ¢t
nw
3]

fr et M
$S 0
”Y it

I2e §oe )
0

n n

1=
b B 10
o
(1381

IV
'lo

0

) AL} |12
S 54

'

.

'

~

v
Bl
fu

‘u

o)

vet been nea2sn

n o
0n
'y
~
[ B
!
fv
th
1l
0
0
<
1o ¢
[
3
0
m
fr
v
[

=21
a vertical permeabil

- ro" W
§ b
et e th () B
0 H
h
"
(]
(1

t*» (@
J:

I IS e
)
0

X}

In spite of two reczgni

bl PR )

[ e ]

1
3 N

cation including these za

e @ 0 e g

o

fn
v A
rio

{
({3
1

.
]

!

L)

i

i

!
GH
i
Q:'

I

i\
|
i

.—%-_— S —

ture and co’cnnace s< SETEST &
which such communi
fractures, tec-on;c
present time. On the ¢
levels apcear.to e r
the importation of su
(P'R II-103, 104). ‘©
what extent water lev
in another. .This
measuradble, it
vertical cermaab
interflows and I
entabulature znd coloznzée s

3]
mlyee
14
Ky

]

th rt

"1
v 0

g4a8

(L]

fu

IR (]
tn
'
Q
<3
. N .
[y
3
) D~

w Q
t O
g

rr

5

1]

[ M L O EL S 4
.

4

S0 et 0 ot
0
0 10

rt
,lc

11 0
e
LT3 BT

o
n'c 3
W et =2t M
m;.'g n o
‘ 0w
; N
N

ofv

1 e v
L]
0
3 ¢r
o
Yy "
f

(£

y
12 b
o
o,

e
I
n
< C
et O W
v 'g
o
ih

(7))

s (D

b
g noer v

"t
(]
(o]
oJ

)

N th

[#4

[ X2
N W
126 (e

Q

oI

.
(13N

poe (U

1= 0

s

avlic commu
sible acress
ct

0
133

H Uty
[1}]

+ 0 'Y
]

o

£

toee3)
(44

ow

v
(1]
3]

"
w
[ 2 2ad

b
The prosgect for
data. For

re greater
? o=

-l r.

0
o)
0
0

(] H :
1]
o

3 b 0

3]
2590
rt
Joe !3
17,30 T 11

4]

e ¥t 1) (2

*
l.'

-

fow




3
-

relat;onshi nolds in spite of tne incuced water tzble tise
beneath the Lanford Site over the beriod 1944-1873 (¥IR :
I1I-64). Tor the cegper Icrmetions, the composite zotentials
"of the Wanapum basalts (Plate III-10) are higher than the
composite potentials ¢i the Saddle Mountain basalis (plate
1z-9). ther than these obvious ccnclusions drzwn fzem
) potent ‘a‘ surlzce maps, the scarcity of available data i:
deep toreholes limits the conclusions that can be drawn atout
AS. © ,,: the vertical diciributizn of heads in deep basalts beneath
i’ the Hanford Site?" ©On the bidis of ° hat is known, hewever, the
/// vertical distribution of hydraulic headé indicates 2 compenent
v '’ of vertical movement. . ; .

A3-4. As mentioned akcve, hyéraulic cataz are the most, relizble inso-
: - far as prcviding evidence of vertical communication between
the varicus units., ther tvpes of data may be considzred . -
in a supplemsntal cagzcity zut éo not have the same cegree of
relizbility. Inclucded here are water dating ané hyérochemical

evidence. Unfortunaztely, Ciérbeon 14 data are scaxce, wWith
eight values in the Mabton (IR III-167), two vzlues Irom the
Wenapum (EIR III-~178), presuwmably the Priest Repids, a2nad no

-
-

3

values report2d frem the GrznZe FRonde. The cuantitati

fulness of thece data is suszect due to Erilling fluid
3

c con-
. taminatica ané cross cemmunication (H¥IR IIZ-177). ©Of the o
"7 data available, nhowever, waters in the Wanzpum are not th

. "older"” (incdeec 'scme ares youncer) than waters Zrca the ov
lying beds of Saédle Mountazin, and scme sort ©of verticzl
mixiqg cannot be ‘ruled ouvt (ccmpare Tzbles on EIR I"-lsl
and III-178). See 2lso Section ES-2 of this resort.
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waters may be masked by dilution mechanisms in the more

. permeable ugper Wanasum ané Saddle Mountain units, esgecially
. in' the hichly cermezble Priast Raplds and Mabton units.

A4, Horizontal Tlow Paths

A4.1. The basalt flows of The Columbia River Basalt Group are

separate ad by interbeds that arz relatively thick ang in many
cases very cermoabl e. .The Mabton interbed for euanmple, ray

be up to 150 feet thick {(GIR 1zz-17, III-4S5), and nas .
hyéraulic concductivity values of 1 to 100 fit/day (HIR IiI-131).
The Rattlesnzke Ricge, Selzh, and Cold Creck interbeds have




similar hydraulic conductivities, and thicknesses. ti:t rezch
S0 to 100 feet. Tranumissivitics cf these interbeds are hich
: encuch that they are referreéd to as "lerce vield eguilesrs"
(HIR II-93). Taking an interbecd conductivity X of iIC0 It/cay,
a porosity of 203 (HIR II-19, II-122), ané ch/éx ezual %o
,~ ~ 0.00S, the average lincar velocity (the rate at which the
. //’ unretaréed nondispersed contaminant transgort will take place)

e cguld be as high as 1000 It/yr.

A4.2. \&.is apparent from Table 3.20 (HIR IXII-85) that the percent-
\ . Q}ﬁfgge of scdimentary interbeds in the Grande Ronge is signifi-
ﬂ# AN cantly smaller than in the Wanapum or Saddle Mountain Forma=- |
R ~ .téonsi Mevertheless the stated 6% of 2055 feet sti%l consti~
&Iging [ tutes over 120 feet of interbed thickness. This thickness
ﬁ : could be sufficient to celiver sicnificant cuantities of
fsgép _discharce to the regionzl dischzrge areas at linear velecities
\9 %éf) ‘.on the crder noted in A4.1. ) . .

A4.3. 2s hich as the permecebilities are in the interbecds
flows appecar to have yet an even hicher permeal
! are numerous ané cmnigresent, even in the Grand

t+ et
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(KIR, p. III-128, III-129). It is noted th
e

Mtn.) is one to three orcder:z of magoni
interbed confuctivity. Of the six values of hydre
“ ductivity measure@ in the wWanzpum, four are in the
Papids unii, which is cited ‘as havinc uo to five se
flows (BIR IZI-~-18). ur measurements indicats a2 hy
conductivity of 10° & t/devy (EIR III-133), indic
"that Priest Rapids in ows may be the most p b
he Columbia River
érzulic conductiv
r than Seécéle i#ocun
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oréders of =
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. RN _that have a
: ,/// (HIR II-93)., Hence, travel times similar to tho
: in A4.1 earove could e on the orcder £ 10,000 Zt/vr.

: . 24.4. The low hydraulic head measurements in the Grance
b £
LY

\ " Ronde are disturbinc.- The most likely explanation of these-
g/ Jow heads is a high concductivity interbed or interflow bda- -
) Ro né

. h Ineath the Umtanum Member in the lewer Grancde née or under-
. v &L WMying pre-Grande Rende secuence. Such a high permeabilicy
\;5 \( zone could provide vet another high velocity transsort souts

Vl ¢ . to"the biosphere.
2

travel times aficrécé by the cermez2ble inter-
ow zcones, it secems culte oasonablz to con-
a contaninant reachesS sucn a oone

1 4
r
'

—_—%,
1 curnoses, reacho€ the bicsphere. Accegtance
cither in whoic.or if 2arT, nds scveral implica-
t mav render as scceoadary the guostiasn of




A vity zones rezoris suiiic; 3
. _laterzlly continucus. 400 fe2%, which weuld
o - eCTear to be the mexinmui likely entnulature thickness, o °
leaves leakaze rontes, protacted by less than 200 fest of zt
QfJ * - least slightly fractured rock. In aédition to the small
. values reportad on HIR IIi-147 ef3 are Some 1zZrge values
: of hydraulic conductivity in_the.Grence.lcage (300, ft/czyv,
) KIR IXII-140), as well zs numerocus lost circuleticn zones
) . (EIR III-13%). Theres is also the cuestion of laterel con- .
tinuity of thick fleows, especizlly in the vicinity of Fillew
Palaginite complexss (GIR IXI-35, IXII-g8). The intrailicw
structural c:-zils regorted on GIR IIZ-200 points to the nos-
. N sibilicy of ™.tzrbess elsewhere in tie Umtanum. Docs all of
| this imply thet the chances of findinc a suitebly massive.
: i block of Umtanum that has ‘lew pesrmeadility throuchocut zare
5.5 small? Eeczuseg’ol the termeabie interdeds and interiiouws
.1 +that are Xncwn to exist in younger rocks, the intecritv of
!' the Umtanum is cI first rank. imgortance and hes nob ezt been
] . PP YR T R BE I LY T e would--be mest intszrested in :
: ! lzzfisgoloc¥~2335viaw Panel's” 5 25 éENthe;ééta-tia::vozﬁzs
. ’to_a§v__'_ "5 3 oA s i ___,./'/ == ’
. i = =s c T i %\./‘ /D?M‘Vé\
PROGREM ASSESSHERT ;y-.A,L/L N I i
Bl. 1Initial Statenmcnt .
The Hydrolegy Cverviow Committee is in complete accord with the Iol-
lowing directions of investicaticn initizted and advanced by Rockwall
el:

\]

Rockwéll, in Recion II (HIR I-10), which is zlmos:t twice the
*distance frcm a potential regcsitory. This coulé srovide
scme guicdance in the location cf and purpcse for future tore-
holes. Second, it makes clear that the mzin line of defense
against r2éidnlclide cransport. (other than the engineered =
fepositery) ldes in the basalt flows themselves. That is to
say, the containment will be Cztermined by the facrez of
verticzl hycérauvlic ccmminicztion between the rezository and
the variouf cermecable interbeds and interiicws. It is with
regard to this second soint that we reemphasize cur arguments
on vertical zermeability discussec throughout .section 23
and -reiterate our ccnecrn that this mermeabilitvy hes net vet
_ been measursd on either of the sceles of occusrence suggested
" by the geology. Thircély, this zoint of view provices a .
theoretical aporeciaticn of the ceometry of the field problex
that has not yet teen reccgnized in the numericzl-modeling
aspects (S=cticn 37). .
Intecrity Of The Umtanum Member

A5.1. There is little doubt that anuvam e tzrget
unit fer e pctential rerository. Th t n pre
sentec¢ as one thick s 8] E
permezbility intexs o

gr . least zartly sugzort

¢+t L 147). Tk is net vet

personn
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ty rocks in general ox
inclucdes very few

22.). _The field testing prrocram does not

cally either to lcw zermea
to fractured rccks in particu 1a .
tests desicned to measure Ifracture rameters as such. for
example, there is no mention ofi v zinc oriented core cam~
pPles, &downhole televiecwers, ‘cameras, acoustic lcgs,

=N
"0
4b)

t*
e
o+ b

'Y

Y20

er
e

iovt ‘ﬁyﬁ a or impression cackers to delineate frac- . ..
yfhéﬁz.év*‘ ture cdensities, crientations, apertures, rcuchness, and

mineral ccating. The utility cf

£ serforming lzkoratory test
. Oon core sampies To o-tain a cont

inuous lecg of porcsicy, cexm-
pressibility, cermeakility, ané éistribution coefificients Ze-
) each new borchole is not exglicitly recognizeé. The intecre-
ticn report’does rot quote any résults of core analyses.

55331r1cali§":o .§9§.pg;aeabiliffu—rachu*ed zocks. However,
‘fractured rocks may often respond to pressuce tests in 2
manner which differs from that of a torous material., Ter
example, the permeability of a fractured rock may depend
strongly on the applisd pressurc. Fractured rocks agpear to
be anisotropic, and their principal permeabilities neced noc,
in generzl, be oriented in the horizontal- andé vovtaca‘ éirec-
tions. If the blocks betwesn. tha fractures are porous cr

0f the parameter evallation technicues useg, few are desicnad
A

traversed by relatively esmall cracks, they may yielé or akbsord
water under pressure, leading to 2 chardcteristic "delayved

.vield" response during tosting. During the last éecade, there
nas been a2 consi de*aolﬂ effort to develop pumping and packes |
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e
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Y A .
tests which take into .sccount the peculiar natuere of f-ze-
tured rocks. Some of thexze may be epplicable to the Hanicrd
Site. ) .

. .
As cescribed throucheut this rerort, one of the mest imzor-
tant ‘hycdraulic carameters aifecting the pessizZility of cea-
teminant micrztion is verticezl germeability. 5ccoréing o
the BIR, this @a:ameter is to be evaluates By neans oi the
cenventionel “Thii's (1635) ané Hantush-Jezcodb (19853) tvse

/ cooves. There azpears to he some misunderstancing here in that
Theis' fcrmula doss not involve vertical permesbility and
"therefore, cznnot be uvsed for this-purpose. - The Ezntush-

~ Jacob leaky acuifer formula is based cn ‘simplifving zssump-
tions which zre ‘most srobably not satisfied in the deegn
formations of the Pasco Zasin. Yeuman &ng Yitherszoen (19€2)

" have shown that if one tries to erply this formula to sitva-
ticns vwhere the uncderlying assumptions are violated, the
computid zermeabilities may suffer from large errers. TFurihex-
more, the Hantush-Jzccdh method’ is unsuitable {or cases where
the permeability of the coniining lavers’'is verw lew.
more suitable method for determining the verticzl permeability
of confinins lavers is th "ratio method of Newman and Withez-

_Spocn (1272} ghe vertical permezbility of & confined azcifer
czn be determined with the zid of Kantlush's soluvition fcr 2
partially penetrating well (Weeks, 1886%).  However, all of
these metheds have the disadvantazce that they recuiz: ™e
irstzllaticon of piezcmeters either into-the confining Zeds,
or into the zquifer. Thus, it may scwmetimes be more con-
venient to consider sincle well measursment technigues such
2s those progosed by Surns (1262), Prats (1870), &né Hirasaki
(1874). A cood summary can be found in the bock of Earlcucgter
(177) - The use of inclined i nelliered

e

L e thl Loy WAy

r, the ultimate test ol vertic

lined boreholes can zlsc e cocns
in this context. Heweve

permezbility on a scale meaninciul for mathemz.lczl mcdeling
of repository conditions is prebably thet »2sed ep horizsntal
boreholes ans calleries 25 propossd nor Witheveopan (1G72) on
the Dasis c*¥.is recent experience in Sirira, Sw “a2n. PFacker
Tests zizfect cnly & very smzll volum2 of the fcck mass, within
a radiuvs of.only a. few fest irom -the center of the berehole.
This implies that nyérazulic parameters measurad by mezns of
racker tests are m2anincful only on a2 local scale. In crder
to oktain estimates of these parameters on a-larcer scale,

one rust resort to interZerence tests involving piex...etexs
and ‘observation wells; and gzllery tests cf the kind descriled
by Withersocon (1979). Such tests are either ccmpletelw ic-

<
nored or if mentioned (e.c., the Hantushr-jacob methed),.it is
not clear how the drzwdown ctservations will e performed withk
the limited numder of wells to-be drililed.

-Co far, acer tests have been cexrform2d to detarmine. .
cffective corosities, Sispersivities, scrption characteristics
and grouné water velocities. There Is no 2iscussicn on any
means Sor detormining the manner in which dicsersivities in
fractured vocks wvary with the scalc of the experiment (as



¥ . * a

i e

done for porous media by SaUtr), or for eveluating the

sorptive clhiorackeristisg of the froctured fuormaticn in situ.,

These parametess Will be nueded for the trfensport medzling.

.

Berehcles have keen and are to.ze tested.onlv-ilonc selecsed

intervals. The critariz for selectinc thess intervals ars

not clear. We kelieve thezt continuous testins of each bere-

hole, repeated cver intervals of éifferent lengths to study

vertical scazle effects might be mcre meaningful,

Data are guofed concerning values of effective porcsity,

sterativity, and vertical and horizontal hydrzulic cchiuctiv-

ity (BIR II~122, II-124). More .information is needed ekout

the exact manner in vhich thesa aztz were ottdined. Tor

example, now has the storativiiv Teen ascertzined when thszre
_have Leen no interference tests zncompassing two or mere

wells? ) : ' ' -
—_ .

\
C

The civision of the system into locel, intermedizte, and
recicnal flew systems es periravec -on HIR IXI-151 through
II-165 is hichly schemztic and speculiztive. It cees not sesm
to be kas:d con availeble mezsurements of head, hvdrauviic .
concductivity, or details relating .o

to’ stratigraghy and structure. Rather the concept is based
on issumpticns such as T

a) * Suspected

rce areas of local svstams
coincicé w I?

sche
2chic hichs and lecws.

b) Intermedizte recharge/discharce areas are indicztad by
water levels wiich incdicazte “emchance Zetwean other &
systems ané the surfzce"' {not clear). .

c) Recicnal discharce is assumazd to take place a2leng the
margins of the Colunmitiz Plateoau whereas leczli dlischer:s
arezs are cesignategd on the basis oi "judgement",

. , .

Hence, as an objsctive, th

conceptualization is ‘fine, but
c the cenceptu2l- model
one ncecds to have a of £ield data., Is
this possitle with the cdata (limited) available at the present
time? '
s showing flow patterns in HIR II-155 an
e hycdrolocic sense and may be nislezding
ow prademinately herizontal Zlow in scme cof
2

The crocs se

IXI-160 nzXxe

in that thev s
v

ot e
rr
| adibo)

the low parmeability layers. 1t shculé te cessible to éraw
cuantitative two dimenszional cress secticns at true scale

zased on originai data and inteorpretsd potentlial maps.  EzeX
and forth iterazion me:tween arcz) maps and the vertical sec
can often e a rewardins orercise in understandina she theae
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The lincar harrier of KHIR II-148 and Plate II-13 is zn
extromely zecuvliar Hydroneoloyic interpretation.

Tegicnzl h;ércgeolcgic~c:ess-sec:ions are best taken aleng
lines. thet are zarallel to the croundweter £I:: éirsciiens
(usvally pzrallel to the ‘dirzction of torccraphic éip).
Such lires are.usuelly curvilineazr rather than linezr
ifsee HIR 131-185). ' ’ .

litholocy cn anisotrepy cof hyérauligc conductivity, Zut the
speculaticn €oes not &zsear.to be basedé on haré datza (HiIR
1x-117 - II-170). Zarly in the report, the lave was sazid to
nave solicified in stzgnant pocis. On KIR II-120, anisoirozy
is saic te e relztsd to the cdirection ¢ lava flow., Did the
lava flow or was it stzcnant during cooling? Vhere does

the informetion abeut hyérauvlic enisotrezy come from? ‘Yinere
coes the infcrmztion zbcut the effects cf cocling fraciurss
versus tecionic fractures cn Ilow-.ccme frem? Hard cdate ere

'S
LY
neeced to elucicdate &

We cdeubt the relevance of the water-bulget cz

, Yeuvlations
(EIR II-55 - II-90) carried cut on & besin-wile basis. As
noted on KIR IX-20, the failure to azccount foo swpatizl and
temporel wvariabiiity Iin everotranspiration (and soil-water
mlding cizzcity, and groundwater recharce rates, etc.)
rrobably claces the acsroach in the categorv of an acaéenic
exercise. 1iIn adédéition, we have ceverazl cuestions:

ave ivity znalvs:s teen carried out on the coel-
ficients, eszecially the &-inch water-holding czpacity?
It is usuelly zn unmezsured cerameter, &né dbuccet rasuvlis
are offen very sensitive to its.valve.
* e
If£ the water 2alance has any validity, it shculd be poszzitle
to relate the net zecharce (WR) figures (HIR I31-183) 'te
2 cuantitative anziysis of tha recional c¢roundwater flow
nets. There'is 'no rezson to limit the water Sudcet studies
to surface water (HIR II-79). On2 should’aptampt to close
the.circle with 2 guantitative ana2lysis of the ¢roundvater

flow.

Wny are the Ilcodinc éischarges cue to a 100% breach not
ipcluded (HIR II1I-46)7
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From this‘envelope of confidence, one can see why there is so mwuch
enmotion and so much difficuwlty in convincing all reszonsible earth scieatist
that 2 ceological containment is succosstu‘ or. wi1l be successful. e might
also note that these envelcpes would shift fairly érastically for differant
roc\ tvpes.” Tor example, one would expect for rock salt or granite that the
enve1c,e wouls banbave,tneb;{{;i':ﬁzc-gv nerea§, for_ some nate::al sueh
the enveloze of responsible estima
Fessinistic lines on the curve. ‘This dces no
2 rock aedivam micht not ke bette o
another sice. Obvious_y, each s i

But, on a generic baeis (which is not a satisfactery way of specifiying
a4 site), en:z would expect ceczain rock types to have ceriain inherent ac-
Yantages over other rock tyges. Conscauently, if all the other precesses
T Al ,rA lara Cacasrmtmtien thm Yalahlod a® e maemamlbawis sttmca ba Ra Anatillas

Tae v g . SR -
. . e
apoear to be Eivorced from hydéreclogic srzectice, oxparience,
and intuvitizn, '
C4.. Larorztorv Studies . :
C4.1. The possikzility of phase trznsisrmaztionsz endé/or th.e relezse
of interlayer water must be investicated completely cn the |
. laboratory scale. Teter.” the results cf such fesis may be
verified by in situ tests in the explcratery shafts and
turnels. In acdition, it is impertant that the LEL work on
o wator-rock interzcriens be incorporated into the dascriction
: - of the regié 21 hyérology. ) " -
CONC'UDING STATEMENT . . .. .- ' Z

Afier reviewing what hns teen Ciscussed in the skove sages, & logical
conclusicn might be “reascnably cooé program, pctentially poor site". BAlthocuch
the Overview Cemmitzzé is in cenzrzl zccord with this staztement, it should ke
recocnized that technical exserts cf ccod ané egual comgpetence anéd of good will
micht, without prajucdice, " arrive at very cdifferent concluysions baszed
vocn thed sﬂ;orience and vzon hew risk-aéversé they may or may not Ze. oo
examzle, 2s shown in Tigure 3, a risk-adverse perscn micht follow 2
curve that wou1£ be essentizlly only the ebscissa.* That is, he woulé noct havs
any ccnfidence in-the success of 2 repository until the repository hesé Zwan -
in'place 'foxr 10,000 vezrs or more. At the ozposite pole woulé be 2 persan

who, from’a cursory clzhice &t the litsrature, would have 100% belief in the |
success of a repositery.' Eis curve would lie 2long’ the ordinate.

These are extrene positicns. chever, the two positions sheown ar:
ceneralized as the enveleope within vhich most cchizetent geclocists, czc-
hydrologists zné earth science people would £inéd themselves. They weulé have
some cenfidence from a CL*VEY.Df the literature to eliminate spcts that arxe
vnlikely to be successiul ené their confiidence would increzse 2s one mzde
further investicaticns both at-the surface and below ground. The pessinistic

erscn (responsible pessimist; woulé still not have 100% ceniidence even after
the repcsitery itself was. clc¥™:d, wherczs a reszensible optimist weuld beliove
thoc, afzer & reasonable amsunt cf undargreund oxploration, he woulid nave
hich cqnfiéence in the cevelczment of a.'successiul' repository.
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