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NRC DRAFT SITE TECHNICAL POSITION 1.1: HYDROLOGIC TESTING STRATEGY FOR THE 5

- BASALT WASTE . ISOLATION PROJECT (BWIP)

The Basalt Waste Isolation Project Office (BNIPO) apgreciates the opportunity
to comment on the NRC Oraft Sfte Technicezl Position 1.1, Hydrologic Testing
Strategy for the Basalt Waste \Isolation Project (STP V.1). The BNIPQ recog-
nizes that STP 1.1 reflects the NRC's understanding of the BWIP hydrologic
testing program that existed in December 1983. Since that time, the testing
program has matured, The hydrplog1c testin? strategy has been, and continues
to be dynamic, responsfve to the Project's ncreasing level of understanding
of the site hydrology, advice bf outside experts tnc uding NRC staff, end the
needs of the Civilian RadioactLve Waste Management Progrem,

The BWIPO 1s conmitted to keeping the NRC staff informed of significant
changes in the Project’s hydroﬂogic characterfzation efforts. A workshop was
held with the NRC in June 1984 for this purpose; another will be scheduled
prior to initiatfon of large-scale testing.

STP 1.1 was developed by the NEC steff over an extended period of time, during
which the BHIP provided extensive informatfon about the BWIP site, discussed
problems which had been identified, and exchanged {deas for solving problems.
Consequently, the BWIP staff ig familfar with the approach presented tn STP
1.1 and the thought process which Ted to the NRC staff posttion. ln general,
the BWIP believes that the approach presented in STP 1.1 is & sound approach,
presented in an appropriate and constructive manner, and that the document
will facllitate an agreement on approach which is a vital and significant
pre-requisite for successful characterization of the BWIP site. The BWIP
believes that the plans being prepared for publicatfen in the BWIP Site
Characterization Plan will thoroughly implement the fntent of SIP 1.1.
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itz the 34IP s fusicmantal#y fn agreement with STP 1.1, the project has two

Jer2i'2Y conceras abcut the document and several specific comments. The
gin@ral concerns are that the document, as written, can be interpreted as
ing preseriptive, directly contradicting its stated purpose; and that the

1 scussion of 3WIP hydrologic|"Testing to Date® can be {interpreted as
svygustirg thit the existing data base is inadequate for its intended purpose
o facil°tating planning for complete hydrologic characterization of the BWIP
site. The BRIP ba2lieves ihat existing data provide a sound basis for planning
future work. Attachment 1 tolthis Tetter discusses these general concerns.

The EMIA's specific comments lre provided in Attachment 2 of this Tetter.
They deal with differences between the BWIP hydrologic characterization
program &nd the “possible groundwater system testing strategy® presented in
STP 1.1, In presenting specific comments, the attachments refer to page and
section numbers of STP 1.1 aswell as the figures of the document.

Section 2.3 of STP 1,1 suggests & budget and schedule which do not accurately
reflect the current BWIP program. Specifically, the cost of fnstalled
piezometers s significantly #1gher than that suggested by STP 1.1, and the

national program for 1mplemen.1ng the Nuclear Waste Policy Act (NWPA) has
rescheduled some of the early |milestones given fn the Act.

Very truly yours,

)

0. L. Olson, Project Manager
BWI :KMT Basalt Waste Iscletion Project Office

Attachments
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- ATTACHMENT 1

JASALT VASTE [SOLATION PROJECT GERERAL CONCERRS ON RUCLEAR
REGULATORY COMMISSION STAFF SITE TECHNICAL POSITION 1.1

T~ taird pa~agraph of Section 1.1 (page 3}, of the Huclear Regulatary
C&:hiSSiOI}(ﬁﬂg) gtaff SftevTechnicag ggsitfou (STP} 1.1 states, "A
kigtly prascriptive approsch by the KRC staff to guidance on groundwater
tasting-strategy 1s not appropriate”. Much of the rest of STP 1.1
rairfacces and implements this stated purpose: for example, &n
"anvelupe of approaches”| is discussed, and the document acknowledges
that th2 strategy descri “fs not necessarily the onl¥ approech®. The
Bass1t Waste isolation Project (BWIP) believes that {t {s appropriate
for the NRC staf’ to proyide guidance for an epproach without being
prosceiptive about datatils of implementation.

l
. In Sestion 2.2 (pege 10), second paragraph. however, - the statement
g

"Oatails of the testing progrem ere given...* {s made. This statement,.
taken out of context, could be fnterpreted as heingrgrescriptfve. in
direct contrast to the sggted purpase of STP 1.1, e BWIP belfeves
that the intent of the quoted statement can be expressed by *Details of
& testing program which the NRC staff believes would implement the
strategy of STP 1.1 are given...*. In additfon, the Appendix describes
& single approach in a very specific manner. Modiffcation of the title
of the appendix to make clear the material presented, is an example or
suggested approach which might help avotd miginterpretation.

The last paragragh in Section 1.3, "Summary of Testing of Data* (page
6), states that *On the basis of the weaknesses in the testing program
to date, the NRC staff considers that nefther the a?propriate conceptual
models of the flow system nor the representative values of its governing
parameters are known at present®.

The BWIP believes that, while current knowledge of the site §s ndt
adequate to support 11ce9:ing, the areal reconndissance-Tevel studtes
that heve been performed to date are consistent with the accepted
hydrologic practfce, and|that the existing data base {s adequate for its
intended purpose of faci|itating planning for the hydrologic
characterization of the gite.

As more detailed, areally~integrated tests are performed in the future
(e.g., large scaie hyraulic stress testing in the reference reposttory
Tocation), the Tevel of yncertainty with respect to hydrolegic
characterization will be reduced. “The comparison and fntegratton of
areal reconnaissance-levgé and detailed site-specific data is believed
to provide the best opportunity for evaluating eppropriate conceptual
models and the hydrole ié parameters that govern groundwater flow. The
BWIP understands this interpretation to be conststent with the intent of
STP 1.1. If it {s, then |statements concerning the perceived weaknesses
of the existing data basé (last paragreph in Section 1.3) are perhaps
subject to misinterpretation. .
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ATTACHMENT 2

SECIFS BASALT WASTE ISOLATION PROJECT COMMERTS ON NUCLEAR
EbéEGULATORY COMMI%SION STAFF SITE TECHNICAL POSITION

‘he Basalt Waste [solation [Project (BWIP) hydrologic characterizatian
suran baing plaared and inplemented differs {n some details from the
a;ails 0F Approach® prasented in Appendix A of Site Technical Position
P) 1.1. Some ot these differences are due to Timitations associated
L old boreheles which cannot be easily corrected. Specific

7
t ,
7eerzncas 2w listed belgw:

- e Tt gy

This paragraph suggests 1n$talling & piezometer string with mulitiple
ports in the Grande Ronde &t each flow top &nd flow fnterior. The BUWIP
intends to devolop the capability to utilize mulitiple Yevel dinstruments
in existing boreholes, however, BWIP plans differ from STP 1.1
recorm2ndations in the foll:uiug aspects:

¢ The BWIP believes that a development program fs necessan¥ to

demonstrate that multi-Tevel measuring devices can be relfed
upon in the BWIP site environment at existing boreholes.
Budget constraints prevented {nitfatfon of the required
development grogr in Stege 1 of the STP 1.1 strat (of
Figure 4 of STP 1,1) as originally planned. Conventional
packers or new muttf-level equipment, as appropriate, will be
used for measurement of response to large-scale hydreulfc
stress (LHS) testing.

o The BWIP alse believes that monitaring of transient pressure
responses within flow interiars durtng large-scale interference
tests may be unsuccessful usfng conventional multt-paeker =
systems. This is due primartly to test system compliance
(1.e., deformable |packers) and anticipated high stress-levels,
which may be induced during testing. Furthermore, it may not
be necessary to igolate the dense interfors in order to abtain
the required hydrgu!ic perameters, tncTuding vertical hydraulic
conductivity. The BWIP {s developing the capability to isolate
dense fnteriors far monitoring from the surface in order to
conduct hydraulic testigg which can estimate verticel hydreaulic
conductivity using closed-form analytic sclutions, however, the
role that such testing will play in hydralogic characterization
{8 not yet clear, -
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Fage A<, Paracraph 1o, Install Continucus Water-lLevel Recorders

This garaqvaph snacifies that continuous water-level recorders be
{ns¢alled &t tha deep cpan boreholes on the Hanford Site.

Tha SAIP 1t recorcing weter levels at wells across the Hanford
fite including most of the suggested boreholes. Some boreholes are
woivitored weekly eand others contfnuously for specific purpeses.
Pragsure transducers at the DC-19, -20 and -22 sites are being
monitored hourly, however, the BWIP beT{eves that continuous
monitoring at all sitejtis not warranted.

Fage A-1, Peracraph 1C, Install Head and Hydrochemis
¥ 39c ﬁ._g__..!L._._:.__.__.____.______ﬂl_________SEJL

Fonitoring System -

This paragraph suggests that hydrochemistry samples be taken at the same
tice thit a groundwater level baseline is betng established. It aiso
suggests specific boreholes and borehale completions to be {ncluded in

zhz ??nitoring network. BWIP program differs in the following
atyTi18e

0 Hydrochemistry s Iin? fs scheduled to be performed sfter &
groundwater-level baseline is established because large water
withdrawals which could disturb the baseTine are required to
obtain high quality water samles.

|
¢ The borehole netwqu befng fmplemented by the BKIP diff: in
the following aspects: ¢ Y ers

- DC-18 and 57-L3 (now DC-23) have been delayed for budget
reasons '

= DC-X to the south s not in the present BWIF program

= Hulti-level measurtng device development has beeh defiyed
for budget reasons

= DC-19, -20, and -22 have been completed as nested
piezometers

= 0C-3 cannot be used for muTti-level measurements because
* 1t {s cased the Untanum flow {interfor and the borehofe
is open only to the flow below the Umtanum

= Individual flpw tops have been selected as test {intervals.

. Selected zones will be monitored ¢n other boreholes
(RRL~2, RRL=6, RRL=14, DC-16, DC~4 and OC-5) usin
conventional pridge-plug, straddle and muit{i-Tevel test
systems as_appropriate, instead of relying solely on
multi-level ﬂ stems.




« Berahcles near the Reference Repasitory Location (RRL)
wtich are open to more than one of the tntervals monitored
by Dt=19, -20 and -22 have been configured to
hydreulically separate the monitored intervals instead of
betng left «s a compasite.

[a1e A-2, Peragraph 2A, Design and Pre-Analyze the Large-Scale Pump Test

This snction stggascs designing a pumping well which fs cpen to the
entire Grande Fonde down to the base of the Umtanum flow and using
sackers to isolate the test hortizon. Current BWIP plans cal) fer
putping wells to be sequentially completed so that each zone tested will
be punoed from a well which is cesed and grouted, and open anly to the
{35t horfzen. Tnds design is required bectuse leskage around packers
ctand invalidate assessments of vertical conductivity made from LHS test
eala,

Page A-4, Paragraph A3, Stage 3, Additional Large-Scale Pump Testing

This paragraph suggests that one LMS test might be adequate. The BWIP
believes that more than one LHS test will be required to help determine
the hydrologic significance of various geologic features 1n:gudin a
“hydrolegic barrfer* to the west of the RRL, the Umtanum Ridge-Gable
Mountain anticline to the north, and the Yakima Ridge extension to the
south. Accordingly, DC-20 and DC-22 have been configured to allow
Kgmpin s & NeW umpigg wgll (RRL-2B) {s planned mear RRL-2 (now called
L-2A) and DC~16B and -}7C are being considered for pumping.
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AtkYUND
.1 Parpdue

¢t the tias o licensing for a proposed deep geclogic repositary for
;i1h*le\al cutear waste, the Oepartment of Ener$y (DQE) has the
venreibility %6 svesunt and defend a complete )icensing/performance
ne s taar b of :be gedioglc repcsitory system, As part of {ts
visuoni biiitias, the HRC staff will be required to perform an
indsrendent assessuent of the groundwater flow system with respect
e¢ +bg “cennical ceiterfa of 10 CFR Part 60. Specifically, the
ylaft apeles v wie mathepatical models to predict pra-and
nosteernlasament groundwater flow paths and travel times. These
pradictive assossmants will be used to reach findin?s on compliance
w1t the proposed EPA Standards (10 CFR 60.112), which apply to
post- exdiscenent conditions, and with the criterion for minimum
pre-esplecenent aroundeater travel time along the path of I{kely
radiorucifde travel (10 CFR 60. 113(2)).

Predictive modelfng of groundwater flow will require defenstble
sonceptual models of the flow system, defens{ble boundary
conditions, and defensbeé values of hydraulic parameters. The
purpase of this technfcaliposition ts to provide guidance to 0OE on
an approdch that the NRC staff considers acceptable in determining -
what hydrogeologic testing (including types of tests, scale of tests
and number of tests) &t the Hanford site will be required to produce
the hydraulic data necessary and sufficient to perform rigoraus,
quantitative modeling. The sfte technical position §s afmed at
devaloping a testing strategy that would yield sufficient defensible
hydraulic data to support predictions of repasitory performance.

A highly prescriptive approach by the NRC staff to guidance en
groundwater testing strat:gy is not appropriate. Given the existing
data on the groundwater fhcw system at Hanford, & range c¢f feasible

-

hydrogeoiogic conceptual models exists. In light of the current
levals of uncartainty about the groundwater flow system &nd of the
dynamfc nature of the site characterization process, the NRC staff
consfdars that the guidance should provide &n “envelope" of
approaches broad enough he1soguido the detailed decisions that
must be made fn the future by ., Therefora, the technicel
position presents & loqiqai progressfon of alternative testing
scenarfos that can be implemented &t the BWIP for the full range of
feasibla hydrogeclogic canceptual models. The focus of the
technical position is the hydraulic testing of the groundwater flow
systam at the site. Tha|testing strateqgy emphasfzes the primary
importance of hydraulic testing near the repositorz horizon, which
is assumed to ba well bejow the top of the Grande Rande Farmation.
(The matn horizons being considered at the time of this draft are
the Umtanum and Cohasset units.) The technical position also
describes how the testing approach would be expanded to characterize

possible flow paths fn formations above the Grande Ronde fn order to -

develop an adequate and defensible data base far determining
cempliance with raspect to the eriterfon far ainimum pre-esplacement
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groundwarer travel nine from the disturbed zone to the accessible
ary fronmant.

i b Teaft $12a Shsracterfzaticn Analysis (HUREG-(960) the NRC
i f; ti:«tifi:!';avzrsl areas of tha BWIP hydrogeclogy that require
Y

Fotetat bvatiguidon, mt which zre mot addressed in detafl in this
cAnin1 pusitior, Thuse Snclude the regional hydrslogic setting
(i.3 . suu dovelcpmant of defensible boundary conditfons), the -
awgurcent of key solute transpert parameters, and the appropriate
43€ u aycrochemistey in flow system interpretation. Each of these
1ipfaos, particularly the develapment of defenstble boundary
crdivions, aleo aust be addrassed comprehensively by DOE in the
si%e ol ericterization process. Although these {ssues are not
¢y-200¢ 1 detsdl {n this techalecal position, the aspproach described
piuviies & vahicle Dy which other testing can be perforsed to
adurgss sriticel questinnsJ:hout effective porosity, hydrachemistry,

and long~term meisurements af hydraulic head.

Recugnizing thet 00E §s alr ad¥ fcrmulatin? major program plaﬁs. the
a sit '

NRC stuff has developed this site technical positicn an

g{drogeclogic testfng before receiving the DUE Sfte Charecterfzatfon

an for BYIP in order to providea timely guidance to the Department
on &n aspect of the site characterization investigations which has
major programmatic {mpact, bath in terms of schedule and cost,

1.2 Basiec Approach

The bastc approach of this/site technical position {s that the
hydrogeolegic characterization of the Hanfard site should rely to
tha maxfmum extent possiblr on direct testing of the hydrauitic

rasponse of the site to an| induced hydraulic stress.

Tha principal goal of this approach is to provide the hydrau]fc data
required to formulate, apply and interpret defensible performance
analysfs models at a varie&y of scales in support of licensin
assessments. The approach recognizes that direct testing of the
groundwater flow system's hydraulic performance suhsequentl¥
extrapolated to spatfal and temporal scales appropriate to licensing

assessments* {s more convincing than is performance modeling without
n

direct testing of the site's hydraulic response. In additicn, the
approach recognizes that finat results of performance 2ssessment
modalfng will ba most relfable when relfance cn extrapolation, bath
1s space and time, 1s minfmized, to the extent practicable.
© Furtharmore, the NRC stafg considers that direct tasting of the
hydrageolog*c systems should be performed at locattfons which are
expected to be most affncigd by repositary operations and waste
emplacement, to the extent practicable. This means that some tests
should be performed as near to the proposed repositary location as
possible, both fn elevation and plan, and some atang the mast
important potential pathways for rad{onuclide transport from the
rapository to the accessiblie environmant. Specifically, the
hydraulic testing program for the Hanford site should begin by
tasting the Grande Ronde Formation. Testing of the Wanapum and

4
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taicle heuntaing 8xsaits should folTow tasting of the Grande Ronde
=nd stald te cenzentratadialong important potential pathways that
bgvu Baan 3t.Jgosted oy ear}iar stages of the testing program.

4aaily, if prudictiva numerical modeling {s used fn 0OE's Ticensing
L:rfarﬁ&nce 253&58&&"31 to/ demonstrate compifance with EPA and NRC
eq1lesions, npragreinaic testing of the Hanford Site must be
Teagrald with a cuhe~eat and cooprahensive progran designed ta

s haliish detensible ooundary conditions for the groundwater flow
netes.  Inly vhea defensible boundary conditfons have been

ots sfoud will 1t be sossible to apply the hydraulic data collected
JuCar T2 bgue of APETouch propased tn this site technfcal posftion
fn defeasfale predictive asgessments for complfance with the
aaerical criteria of 10 CFR Part 60,

12 Iummzry of Testing tJ Date

T3¢ tusting of the qround#ater flow systems at the Hanford site has
b2en summarized in various reports (RMO, 1979; DOE, 1982).
testing reported in the SCR has included:

%  single~hole tesls of horfzontal hydraulic conductivity of
tha basalts (primarily the flow tops);

e temporary spot‘tanpleticns of holes for head measurements;
¢ water sampling by pumping for hydrachemical analysis:

e one two-well tegt at one depth (0C-7/8): the distance
between boreholes was approximately 20m.

o gggmanently cojpleted, deeﬁ piezomaters at one location

In NUREG-0960 the NRC staff identified several {mportant weaknesses
{n the testing: '

¢ H{draulic heads measured using packer technolegy during
the drill-and-test sequence are subject to large _
uncertainties due to (a) systematic errors associated with
the open borehgle above ‘the packers &nd (b) transfent
gre:gu;e effects associated with the drilling of the
orehales;

e Small-gcale, single-hole tests of horizontal hydraulic
conductivity dp not produce values that are representative
of significanthvulumes of rock and da not test the
hydraulic continuity of the unit tested;

¢ Vertical hydraulic conductivity, effective porosity, and
the storage characteristics of the basaits and interbeds
have not been jtested significantly;

g $ad (3% \\




o Beguic of thoce fnaduquancies in basic hydrogeatogic
1§L¢st?g:tions anh tnéqlack of a well integrated regicnal
godeling affa-t, gefansitle external and internal

1

by licpa Dagic boundaries have not been defined;
|

Ly lresasmicel daﬁx have not bean related systemat!cal!y to
iylraaiic data ta support interpretations of flow’'systems
SN INES-CE8D, cnagtnr 3).

5114 o i@ wisiing to dete, a variety of conceptual models of the
1. owemt et taoe BYIP site can be developed. A selection of such
Lo is is shawa In Figure 1. The conceptual models are geologically
¢ 14+ 1ar te tha extent that/each incorporates & sequence of layered
L1 it risws {.tercaluted vith sedimentary interbeds. However, due
te saeriuble {nirx- end inter-flow structures, the models are
aisiimiiar fros the poiat ¢f view of their hydrogeslogic performance
vif 21 a:ning as ¢ host reck for & nuclear waste reposttary
(NUREG-0969, Appendix D). ] 4

{
e whe Dusfs of thy weaknessas in the testing program to date, the
HAC staff considers that npither the appropriate canceptual models
af the flow system nor the representative valuas of {ts governing
perancters are known at prasent. In order to develop models
supported by the hydrogeolpgic data necessary and sufficient for
Yicensing assassment, the NRC staff considers that a modified
approach s required to define what the groundwater system fs, how
it behaves now, and how it can be expected ta respond to
parturbations ‘nduced by the repository.

1.4 Large-Scale, Multiple-Well Pump Tests

The {mportance of large-scaie, multiple-well pump tests was sta

fn NUREG-0960. *“Such tests would facilitate objective verification
of any conceptual model, provide bulk values of hydraulic paramaters
including vertical hydrau)ic conductivity, improve hydraulic head
data, provide fnformation on hydrogeologic boundarfes, and permit
calibratfon of the numerical model so that defensible travel times
can be estimated" (NUREG-D360 p. 3-11). 1In addition to these
reasons, large-scale tests are required at the BWIP for the
following reasons: .

a). ainfmfzation of drilling mud effects on hydraulfc praperty
- moasurements (NUREG-0360, Appendix 1);

b) hydraulic boundary detectfon, lecatfon and
characterization (NUREG-0960, Appendices € and H);

c) demonstration ¢f the presence or absence of hydraulic
contfnuity of fiow taps (NUREG-0360, Appendices E and L);

d) {nvestigation ¢f the degree of vartical hydraulitc
fsolation of flow tops (NUREG-0960, Appendix E).

6
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i .
i cowearalnn tavty can eiaimiza the ddverse effects of drilling mud
:2 L:a;autﬂc preparty testin?. csali-scale tests, such &s ”s?
i2,te, «za be afwted significantly by driTling mud, as noted in
s e B Awend x [ The drilling mud can, in fact, affect the
S reas 6 cyhauie cenductivity by "slugh tests although the
ifeet od, W€ rew dety 8% nat ba detectable. This assertion has
seer yifig by westar, rhowas and Feust (1983). Large-scale tests
cfeh mustiote vills minimize, {f not eliminate, the adverse effects
ot i iliing mud s0 that reliable oeasurements of hydraulfc
woafuetivity can be eateined.

Lerje-s.el2 tests usio) multiple wells facilftate the detectien and
ceatian of kydrogrelayic bouncary conditfons at depth that may not
he deteetad e by Ray sther means. The water-level respanse in the
i ple wells permits the eveluation system of the type of
hydragedriogic boundary encountered as well as the logation of the
scundary. Boundary deiecticn is fmportant to the selection af the
appropriate ceaceptual ”°df1 and to tha prediction of travel time,

aydraulic continuity can be determinaed with a largue-scale test using
aultiple cbservation wells. Monitoring the water-level response in
the obiservation wells to pumping provides a direct method of
determining aquifer continuity within the radfus of {nfluence of the
ouzp test. The differences in hydraulic response between continuous
and discontinucus systems are significant. If observation wells in
. & flow top that {s being pumped do not respond to the pumping, then
more careful evaluation of the hydraulfcs of the flow system {s
required, because the valées of the hydraulic praperties control the
areal extent of the cone ¢f degression. The exfistence of hydraulic
continuity at the scale or scales of jnterest must be ascertafned
préo; to the adoption of & layered aquifer system &s & conceptual
ﬂoe. .

. . [ ]
Vertical hydraulic 1solatjon of the units can be determined via
large-scale tests using eppropriately located cbservatfon wells that
are located within the unit being pumped or that are isolated in
units underlying and overlying the pumped unit. Large-scale tests
can be used to measure vertical hydraulic conductivity &nd to
determine the dagree of vertical 1sclation. The effects of
anisotropic and heterogeneous conditions which are not located
within the Timited area of fnfluence of & smali-gcale, single-well
test often can be datected by large-scale tests.

Tha large=scale, multiple, 11 pump tests gropased in this technical
posftion would be used to determine hydraulfc paraseters that

integrate the effects of hydrogeologic discontinuities at a vartety

of scales over relativey [large volumes characterized by the radial
distance -betwaen the pumqfng well and the ecbservatfon wells

(NUREG=Q960, Chapter 3 and Appendix £). This approach to collecting
hydrauitc dats fs appropriate for dafining the groundwater fliow

system at spatfal scales of tens of metars ta kilometers, fmcluding

the spatial scale of the (distance from the repository to tha

accessible environment. |If more detafled knowledge of the

7 t i l_ﬁ:.‘"
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tvi, gl g yzsu:ituitkgs s rsguired (e.g., Informatfan on the

g} e ime atams of fractured basalt), specialized methods of
g1 dig toie esulie rey te required (e.g., Earlougher, 1977,

few v i), 1y payece davensible hydraulic data at spatfal scales
L uda 2 ¢ trgedr sed within the repository, which will require
YL er pes tle and detafled information, {t will be necessary

;o4 i ihe tesving apurcach presented in thic technical
vl oAk Yoo tue neesuresents perforied fn the exploratory
L"'u'f.'- ».}l'sd ‘fh“'.l{t'i‘ t"-’ii fdcilit‘eso

| .
A £30:0G S1& 104 FUE TUE_GROUNDVATER FLOW SYSTEM AT THE BWIP SITE
| |

2.0 Sries o afats

Th: to sy i esacted in?this site technical pasftion has been
cavelaed in 1-ohz of thz follewing constraints and cbjectives:

L. Tae existing work shLu1d be utilfzed to the fullest extent
parsible, toth with res;ect to the available data and to the
. avaflable facilities, .

«. Tha strategy should Ee flexfble, so thet'ft can be adjusted in
reipaise to the results of on-going testing and modeling at any
time during the program.

|
3. The strategy proposéd should use conventicnal technfques and
proven equipment, tg the extent practfcable.

4. The time schedule of NWPA must be adhered ta, to the extent
practicable.

S. The cost of the testing strategy must be reasonable tn light of
the Timited resources and time of the project. . =

In addition, the proposeg testing strategy has been develaped by the
NRC staff on the assumption that the repository horfzon will be
within the Grande Ronde Formatfon. If the final selection of the
repository horizon {s outside the Grande Ronde, then changes to the

. datails of this strategy would be necessary. However, the NRC staff

considers that the philosaphical framework and the logic af the
approach presanted i{n this site technfcal position can be adapted
aeagi:g tg any potentia) repcsitory horizon in the basalts at the

Additionally, this site technical posfition was developed on the
basis of informatfon avafleble to the NRC staff from the BWIP Site
Characterization Report (SCR) and tha July, 1983 Hydrogealogy
workshop concerning sit+ conditions and facilities.

Finnll¥ this site technical posftion assumas that the EPA standard
2 app fod to 10 CFR 60/11Z fs in & form consistent with the Final
10 CFR Part 60, If sigpificant changes ars made to the EPA

Pet-T Y
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cLuydna, P2 MRS etitf may wish to revise this site technfcal
gasitio,

USRI 1 o B )

PRI TR B iwles,ignt{an cescribed in this site technical
oo U e § sl an{tn& foliowing steps:

y_Sctisitiat

>

feeifn na
1 statlasion of i trial plezometer string;

¢ instaslation of L piezometric and hydrochemical monftaoring
Artwock in salected exfsting and new boreholes;

iv.tallatien of continuous water-lavel=-monttorin
r?corders ja all otner deep, open boreholes at the BWIP
3iCH

¢ pﬁ:foruance of & head and hydrochemistry survey of the
s L /8 :

" devalopment of & technical consensus that the pfezometric
basaeline has bazn established.

2. Large-Scale Pump Tes

e design, fnstallation and performance ofllarge-scale.
long-term Bgmp st in at least ona location near the RRL
(e.g., at DC-16C);

©  avaluation of need for further testing using eppropriate
performance asspssuent methodology (see Figure § and
discussion {n Appendix A). *

3, Additional Large Scale Testing (if needed)
6 design, instalﬁaticn of wells, and performance of

long=term pump |tests at other sites adjacent ta or on the
RRL (e.g., DC*]/S. 0C-3, RRL-2, and possibly the McGee

well);

@ evaluation of the need for further testing using
. performance aslfssnent methodology.

4. Additfonal Local Scale Testing (if needed)

©  dasign, instaljation of wells, and performance of
Tocal=scale tests (pump tests, dual-well tests) adjacent
to exfsting or new monitared borehales on qr near the RRL
(e.g.., RRL=4, RRL-6, RRL=14, OC~1/2, DC-X (a new hole
southwest of the rppositorys- 0C-18 and tha McGee well).

9 s ey
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v ey e, -18 Yeagth of the test end the rate of pumpfng of the
CiisaattBa as lasge 3: passibie within the constraints of

ci et rd ocLtrer perUermence (e.g., chieve maximun drawdown
2 tum Can 94 gpreigion) in the hust rock.

SRR INTHIRE F IR F TR {5 ;rabram are given in Appendix A; graphical
~ysas 3095 of the logsc of the program are given in Figures 2
Ty Teyronam qenurafﬁy uses boreholes which are open in the
we Toeinr sawasien foe observation of hydraulic head in the
S et idw vell are anticipated for most cf the pumping
ce1.63 1t fa dost of =he head-monitaring Tecations in units
Gige by Gearde donc: Fomastior (Figure 2). The NRC staff
Lrnioers batt, te the extant practicable, new boreholes should be
i 111 e wing alrerotary technalogy 1n order to aveid the patential
:fz2.5 of mid on hycraulic test results. .

v+ yaeral puints in the flow diagram of Figure 4, there is 2
nriac cn of need for consyltation between NRC and DOE. Thase are
esivical programatic dacision points, and the NRC staff considers
taet further consultation would be prudent.

2.3 Scheadule and Cost |

Ona of the criteris considered in the development of this site
tectnical pasition {s that the cost and schedule for any revised
program be accéptable witpin the relevant constraints s ection
2.1.4). Rough estimates, based on industry cost experience for
drilling, equipment, and testing s:ggest that the cost of the
revised program should fall within the range of $2 millfen to $10
mi11ion, exclusive of administrative overhead, The final
preliminary activity {s the development of a technical consensus
that a piezometric baselfpe has baen established, based on the
results of the hydraulic-head survey of the site. Large-sca]e o
hydraulic testing would not begin until consensus has been reached
(see Fi?ures 3 and 4). A rough estimate of the elapsed time for
completion of the testing program, exclusive of time needed to
mobilize equipment, is estimated at between one and two years,
depending on tha outcome of the large-scale tests and on the time
required to demonstrate the exfstence of steady-state or long-term
trending, transfent-state hydrautic conditions.

The staff consfders that|it would be prudent for BWIP to avetd major
perturbatfons to the groundwater system during the period of
hydraulfc testing. If major perturbatfons do accur, for example,
from the sinking of the p1oratozx shaft, 1t will be necessary for
BWIP to determine the effects on the groundwater system or to
demonstrate again that a piezometric baselfne ex{sts before
contfnuing with hydraulic testing.
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Ilaniae biy of his Pragree ta3 Gther Hydrogealogic Field
|

L.‘
Loesidyurrang
3oz e 104 sesit-on addresses in detafl enly the
TR F3u7yf: ¢ the hydeaulics of the groundwater system at the
Cheer U eiod, Fowhvi®, NOREG-0960 fdentified other areas in the

e ma o sereotegia charazterization of the site ‘that
vepaee s oty teshiay ta address remafning key issues. These
e Tt atloaation of solute transport parameters
CeawmEesiviny, Fsterdaiion, and e?fective porosity), long-term

sy < T 1eq ceaditicns,| and long=term hydrochemical canditions.
e of thy racrifties which would be installed under the proyrez
deg. 1w 4 tuie 3ite technical position also are appropriate for
:eecitg reqairad ty adiress these areas,

.41 $5t: Transpart Parameters

|
The staucary rathod of evaluating solute transport parameters
g o0 50 fa e tracer (tests between boreholes that are spaced &
relatively rort distance apart (e.?.. 0C 7/8). If sensitivity
Jtudies t{ndicate that characterization of fractures is
irportast for modeling radionuclide transport, detatled
antlyses of hydezulic and tracer tests in paried boreholes can
be used to assess the fractured media (e.g., Earlougher, 1977;
Grisak an¢ Cherry, 1975; Grove and Beetem, i971; Hsieh et al.,
1983), If still more detafled informatfon is required, e.g.,
for very-near-field transport modeling, hydraulfc and tracer
test data can be coupled with data on fracture parameters
collected in the in-§itu test factlity or through the use of
borehole quging techniques such as acoustical televiewers
(e.g., USGS, 1983). | In addition to the pafred barecholes
already in place, the program described 1n this site technical
position, {f carried out to stages 3 or &4, would provide a
considerable numbar of such pairs of borehales open ta each
horfzon of potential interest. If hydraulic testfng 1s
completed after stage 2, then boreholes for tracer testing may
have to be drilled &t critfcal locations because additfonal
test probably will be needed to develop an adequate data base
for transgort medel{ng., The number &nd exact location of
additfonal paired boreholes for tracer testing should be
determined after analyzing results of the hydraulic testing.

2.4.2 Llong-Term ié;surcments of Hydraulic Heads

An essential objective of this hydraulic test program is to
obtain a detailed three-dimensional, temporal record of
hydraulic head over| the controllied &rea. This record would
previde an inftial data base for pre-devalopment piezometric
conditions, includipg calibration of the external boundary
conditfons, and a record of the hydraulic effects of all
subsequent drilling, testing, and subsurface expleration, In
addition to monitoning the pre-emplacement activities, the
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S vendvaing g15t20 would bn capable of monftoring Tong-term
retivinies at the iite
A
f LoweTas Bitd on Hydeochemistry

Theor it lve net2ark Bt depth-specific sampling pofnts
vzmsed ta RS grugre wauld 21low periedic sau?ltng of -
eaiaa-gr from aseh geclogic unit., Such 2 sampling program
Gl fadtitasy further evaluation of graundwater chemistry by
o ouvictan v eopaased collection of pressurized samples and by
3 svanting w xing of wavers from different elevations within
1igh Loratale.

o, tachvical positicr provides a broad summary of an approach that
e LAC starr wuuld #laa acceptable for devnlog;ng and then eva]uating
ke tydrogenlgic fnestigasion pragram et the BWIP site. The propose
appracen takes acvintaje of the exteting facilities and previcus
ape-fee il danfard, including the geolagical characterization of the
site ¢r.d th: sxistance of bureholes open in the Grande Ronde Formatfon,
T adnition, the physizal installations needed to implement this program
2,50 couls D¢ uied in testing to obtain the data needed to address the
areas of solute transport, long~term measyrements of hydraulic head, and
hydrachemistry. '

00 L CLdaI |
3

The hydraulic testing strategy which is described in this document {s not
nacessarily the only approach which would lead to an acceptable hydraulic
data base and performance assessment; nor {s it {ntended to be a
blueprint for the DOE or fts contractors. However, the methad of
arriving at a testing strategy for site characterfzation {s {ntended to
be representative of tha type of strateqy expected prior to licenge
application. Because of the dynamic nature of this kind of testing
program, the NRC staff considens that continufng consultatien between NRC
and DOE will be required over the full perfod of site characterization.
This strategy specifically delfneates stages at which such coensultatfon
would be appropriate. FinailyJ the staff also wishes ta reemphasize the
importance of daveloping defengible boundary conditions and conceptual
modals for the groundwater flow systems.
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FEPPENIY A = OFALLS OF ARPROACH

!
CLrh o, R T AR ATYIVIVIES
v et wte ot ktte in the drande Ronde Formation.

L R A W B BT 1 :cf:nst the effectivenass of the selected
ey o adu s, e cngletfon mathod which probably would be of
sactoon by s s pregria wedid be a temperary pfezameter string

oy watipts 8cr s saplited §n the Gracde Ronde in order to obtain data
Coirna viow wef oo © esCh (enwe interfor of tha formation. Each
catlutien inturva: sauld be aguipped to allow the water pressure to be
St us ng & duun-lole toul and alsc to allow & water sample to be taken
sedar Deessad. Al laast one commercial plezosater system {s currently
aviiraate Tur whis pueposc, ang ft has been used successfully at the
Ce9the centarplatea &t the &NIE site. If such & :¥sten were not
aeswistul at UWIP, taen wore conventional completion approaches would
neve to be usad. o

r
16, Install continuvous water 5evel recorders

{
In occer to meaitor water levels fn all boreholes an a contfnuous basis,
wite.~Tevel recorders would be installed §n all borehales open ta the
Warapum or Grande Ronde units.. These bareholes currently fnclude the
following: OC-1, 0C-2, 0C-3, DC-4, DC-5, DC-6, OC-7, OC-B, OC-12, RRL-4,
RRL<3, RRL-14, 0C-1GA, and C and 811 of the wells in the McGea cluster.
~ These monftoring wells would record the temporal var{etfon of the
composite water levels {n the entire deep basalt rock masg, They would
be capable of recording the efifects of any testing on any part of the
site. (Note that as the rest jof this program progresses, 1t will be
necessary to remove some of the recorders to allow completion eof some
holes). There are a variety of commercially available recordars which,
are capable of befng used for this purpose.

The installation of the area-yide piezometer and hydrachemistry
monitaring network would begin immediately. A possible network fs shown
fn Figure 2, although other nItwcrks also are feasible.

The suggested network includes a total of ten new holes, of which six
would be drilled to below the Umtanum unit (0C-18, OC-X, 0C-19, DC-20,
0C-22, 57+83) and four would be drilled to the base of the Wanapum unft
(at the locations of DC-4/S, pc-s. 0C-16, and RRL-2). Each of the
borgholes would then be completed with piazcneter: usfng the technolegy
proven in Stage 1A, It is considered that the arrangement shown would
provide adequate favestigatian of tha currently proposed contralled area
and of depths to below tha Uﬂtanum unit,

1C. Install head and hydrochristry monitoring system
i

A=l s
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vy et G hgdr»chamﬁstry suervey of site.

Ci oty bav: wnsswverants and water quality samples (if feasible)
o coat oty iy ene (nctailations described above after the
| o . 1t ngind Lt 2 decty of the major transients caused by
- bz 21orieg vactical ?loe cenduits., This survey would
St 10w ndowoliedduet head and water quality survey of the
cat ¢ 14 peor {4 c2uzed {nformation on tha pre-emplacesent
st o wdbe e liy.  After the 1nftal survey, a regular
Ca ) aanserng orugy of neads would be maintatned through
cwdiong 20 b gte uuara?tarizat1on prograa.

“ovrag @ baeimigal easeasus that plezometric baseline has been
cenatiiched, | _

}
fy e Tarreeses”s Juwp tesis can be perforwed and successfully analyzed,
3 vizikatiie breeline must te mstablished that shows the existence of
st..84/-statg or predictable, lang-term trending, transfent-state
apraaliz coaditiens. This is a eritfcal decistion point in the testing
steitywy, eni decisions on axistence of an adequate pfezometric baselfne
Wi % based on expart tacnniqa1 {udguent. The NRC staff considers that
it wcdld oe a-udent Yor DOE te solicit review by NRC and others as an
ag roinh to developing & technical consensus that a piezometric baseline
vhich is acequste for use in defensible assessments with respect to10
CFR Parst 60 has been estahlished.

Asfitiorally, the staff considers that ft would be prudent for EWIP to
zvoid mujor perturbations to the groundwater system during the period of
hydraulic testfng. If major perturbatiens do occur, for example, from
the sinking of the exploratorg shaft, it will be necessary for BWIP to
reestablish that piezomatric baseline conditfons exist or to determine
quantitatively the effects of the perturbation on the graundwater flow
system baefore continuing with hydraulic testing. o o

A2. STAGE 2, LARGE=-SCALE PUMP TEST
2A. Dasign and pre-analyze the large-scale pump test

[ ¢ Nud

After completing the preliminary activities, & large-scale pump tast
would be designed and pre-analyzed, The general arrangement of the pump
test faciifties could be as follows: -

|

° & piezomster with multiple completfons fn a number of the permeable
horizons in the Grande Rgnde and Wanapum Formations;

@  a pumping well which {5 dpen to tha entire Grande Ronde down to the
bese of the Umtanum unfty the well would ba capable of pumping from

any selected horfzon by yse of bridge packers or ather, simfliiar
devicaes; :

9  other nearby plezometer strings installed during Stage 1.

et
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et . ambovedl end associated piezometers would be chosen
'fl i oozdnnigg By daelle ;ust data. The NRC staff considers
LTy, 1n se raa b RRL would provide the greatest amount of
votr . ran Al e2 e 1C-16).

.oty oot s erguescale pusp test

e T g st ::u?ui&a either from the entfre Grande Ronde
T e preeiea of it deponding on the results of the

S oy al 00 5 b tine fuun'ts abeve the Grande Ronde also may be
Cahoi e rhaeag erice poteatiel pathways. Each test would run for as
Dy zi ocw o wk.i fae umreisicas to approach steady state. If the effects

it v o, wre tass might continue 1n excass cf three months; if the
Lhiove c4 . .o, @ it gueks may suffice. Monttoriag would be
crlcr o Ti gl tTetnmtans misite, & part of the regular monitoring

5:ng¢m nitiats in Stp i0, evgsonted by more frequent monftaring of
wrigorad gl dnaiers.,

s, oeng g2k tési and evalusate yesu1ts

e analviis ¢f the cest would be performed using bath appropriate
slegal=Tan arelytizal so1utionk aid numerical paramater-matching
Asthads.  The rasults of the testing would provide two, fundamentally
Jitfarent sec: of information: |

1. A parturbetion/response da&a set for use in validation of computer
modeling and direct demonﬂtration of the flow systems,

2. A parameter data set relating to the behavior of the material
involved at the scale of the testing, for use {n future nodeling.

Both sets are needed for sfte characterization, performance assessment,
and preparation for the licensing process. .« m

20. Decisfon on the naed for additfonal {nformation

Once 811 the rasults of the analysis of the large-scale pump testing and
the testing of head and hydrochemistry are complete, & new data base will
exist for parformance assessment and for conceptual understanding of the
site. The decisfon to continue with hydraulic testing must be made at
this point, basad upon the results of performance analyses. The process
is described below:

1. - Perform sens{tivity studies of perfbrmancd using the updated data
base. Both the models tested and range of values used to test the

sensitivity of spacific parameters should constder the updated
understanding of levels of uncertafinity.

2. Establish the sensitivitJ of parformance to key hydrologic
paramatars.

A=3
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L, oper eorned elon iy a:yép;&ble undee the EPA/KRC regulatfons? If
itn’:‘ fe 'as:'ng :aé’t;ivq!agic parsmeters. If not, go to the next

S L i :

O TR L 1 i u;qéczﬁtahle unider EPA/NRC regulations? If
L4 wsufg ur ol pueposes. If nct, go to the next step.
|

C Ly aumer bosthes savace uncesrtafotias sufficiently to allow
cop e gty ke Jifined te required limits for decision making?
Yoo orgocate oaexs test lavel. 1 not, cegse testing for

NS PVRNSRT JEPRY VRS 1 2 - !

L5 . 3zi3 it sicm salematically in Figure 3.
th. w233 3, Aklitienst Large-Scale Pump Testing

IF a2 Yaeoe-cdia pump test cesuribed above perturts only & small volume
of tesalt, 1t is 1fkely that additional testing may be neaded. The next
stace of Listirg weuld then be {mplemented. This stage would {nvaive
ieoge-scale tasts 2t up to four locations on or close to the RRL (e.g..
reqr JC-4/3, 0C-3, RRL-2, 2nd %ossibly the McGea wells),

The tast design would be similar to that used for Stage 2. A large-
cfanetsr 111 open to the entire Grande Ronde Formation would be drilled
¢ djaceat ty the piazometer string already completed at each site;
telncted fatervals 1n this wel} would be pumped in arder to stress the
surrounding rock-mass. The response (if any) to this pumping would be
measyred in all piezometers on|the site. In addition, & fiow velacity
profile would be taken during Eumping to define where the water wids being
produced in the wall. Test duration would be until steady-state
\—/ conditions are approached, which is expected to be between one week and
several months. .
For each of thase tests, the process of design, pre-analysis, -
preparation, parformance, analysis and evaluation would be fdentical to
the pracess described for Stage 2, At the end of this stage, a minimum
of gwo‘areas would have been tasted to the same degres using-large-scale
technology.

Additional testing of the overlying unfts, particularly the Wanapum, may
be required for site characte#izat on {f a clear hydraulfc connactian
werg {dentifi{ed during the testing of the Grande Ronde. In this case, a
sacond test, pumping from & néw well open to all or part of the Wanapum,
would be designad, performed and evaluated using the same procedures
proposed for the testing of the Grande Ronde. Note that many of the
piezomatars needed for such &/test would be in place already.

A4, Stage & ~ Additional Local Tests
It 1s.possible that the testipg performed to this point will have
characterized only & small volume of rock surrounding the test wells,

such that the data collected represent valuas of hydraulfc properties
only {n tha vicinity of the test lecations. If this occurs, then the

Ah > -
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e et g a0y Rt £ fhrther +aluss oFf the key parameters are
ST ot tr ehestn chesa values, the fourth stage of the testing
S L myemeptd owaleselle tests would be conducted at
Ty aas sRLed, RRL-E, dRL-14, 0C-1/2, gc-12, DC-X,
to0, . oryerome weide, IY nat tasted pravieusly).

. ae waste awvive cha erdling of a pumping well adjacent to the
vy i 0 anaetee 3 viags 2w thusen?ocstions and punping from it in a
o T e s cbae osaa for arevicus tests (e.g., at 0C-168). If
bitornove L1 B s.bg o0 wededd, the head effects croated by this pumping
w1 b2 tgestive. o ¢ is Tikely taat monftering will anly be effective
s eineens pleromder welly Consequently, the tests will be of
e Joatien ©1-3 weakg), and|it say be advantageous to perform
Teelteu e, vebatlad twe=inle tests to determine parameter values fn key
vern g {re, 1or eszapla, Hﬁ?en et al., 1983) using the existing pairs
voodr 15 ahd FlaiCnaters,
t
wafn, e junarcal prosess of design, pre-analysis, preparation
;bafu:nuaca? anatysgs and waluation for these tests would be simtiar to
s st uggd {a previoss tasts. Testing would cease when adequate
d1rin tiar wis otained, &s defined by the Togic of Figure 3.

A stage 5 - Sirgle Hale-Test%nq

11 tha evant that no reipense to wall-pumping could be felt in
piszomsters as Tittle as SO meters awa¥. then the only vishle exploratory
tachnique available would be single~hole testing. Single-well technology
has been used extensively on the site alrandg. and t would appear that
11ttle more could be learned about the site by further testing of this
sort. If site character{zation depended on this type of testing alcne,
the testing program probably will not provide the hydrogeologic data
necessary and sufficient for J{censing assessments under 10 CFR Part 60
unless a vary large number of smali-scale tests are performed. Givendthe
wide range of valueg of hydraulic paramzeters and the current fnabflity to
integrate those values into a defensible three-dimensional distribution
of parameters for numerical mo |ling. the staff considers that
small-scale hydrogeologic testing of & statistically significant number
of singla boreholes to datermige representative values for defensible
parformance analysis of the site §s virtually impossible in 1ight of
limftad resources and the schedule imposed by NWPA. However, 1f EWIP
choosas to pursua & sfte characterizat{on program based on s{ngle-ho1e
testing, then heavy dependence would have to be placed upon model
calibration using the accurate temporal head and geochemfcal datsa
collccted from the multiple pipzometer strings tn the deep holes. Even
in this case, the installation of piezameter strin?s aénd the hydraulic
heads and hydrochemical data monftored {n them would be an integral part
of the test strategy. ‘
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