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SUMMARY MEETING NOTES OF NRC BWIP HYOROLOGY REVIEW TEAM MEETING
NOVEMBER 6-7, 1986

Introduction

The NRC BWIP Hydrology Review Team was met on November 6-7, 1986, to prepare
for the upcoming BWIP Hydrology Data Review (December 2-5, 1986), to discuss
the strategy for hydrologic testing described in NRC's BWIP Site Technical
Position 1.1, and to discuss a review of “"Groundwater Travel Time Analysis for
the Reference Repository Locatfon at the Hanford Site"™ (SD-BW!-TI-303) prepared
by Nuclear Waste Consultants, Inc. (NWC). These notes summarize the results

of the meeting. .

Data Review

The Hydrology team proposed review teams for the upcoming BWIP Hydrology Data
Review as follows:

A. Monitoring Installations

Lead: Mike Galloway, Terra Therma Inc. (for NWC)

Members: Roy Williams, Williams and Assocfates (W8A
Fred Marfnelli, Terra Therma Inc. (for NWC
Michael Weber, NRC

R. Geoloafc Informatfon (Related to Hydrogeologic Models) .

Lead: Roy Williams

Members: Paul Davis, Sandia National Laboratory (SNL)
Mark Logsdon, NWC
Michael Weber, NRC
Harold LeFevere, NRC

C. Hydraulic Head Data

Lead: Gerry Winter, W8A
Members: Paul Davis, SNL
Mike fialloway, Terra Therma !for NWC)
Adrian Brown, NWC
Neil Coleman, NRC
Dale Ralston, WBA
Harold LeFevere, NRC
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D. Hydrogeologic Laboratory Testing Data (if avatlable)

Lead: Adrian Brown, NWC

Members: HNeil Coleman, NRC
Michael Weber, NRC
Gerry Winter, WSA

E. Hydraulic Testing Data

Lead: Dale Ralston, W&A

Members: Paul Davis, SNL
Fred Marinel11, Terra Therma (for NWC)
Adrian Brown, KWC .
Harold LeFevere, NRC
Michael Weber, NRC

F. Hydrochemistry Data

Lead: Mark Logsdon, NWC
Member: Neil Coleman, NRC

STP 1.1

The group concluded that STP 1.1 still provides a viable strategy for
hydrologic testing at the Hanford site, although 1t could be supplemented to
provide for characterization of effective porosity and resolution of other
significant aspects of site hydrogeology. The strateav is compatfble

with both deterministic and deterministic-stochastic approaches to predict
groundwater travel times.

NWC's REVIEW OF SD-BWI-TI-303

The group discussed the review performed by NWC of the document entitled
“Groundwater Travel Time Analysis for the Reference Repository Locatfon at the
Hanford Site" (BWI-SD-TI-303). Adrian Brown summarized NWC's review and the
technical details of NWC's calculations of pre-waste emplacement groundwater
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travel times for the Hanford site. The discussfon resulted in the following
positions: Dot

NWC (as stated in NWC's review of June 13, 1986)

It 1s unlikely that the Hanford site meets the 1000-year pre-emplacement
groundwater travel time criterion based on an analysis using existing
information,

NRC Staf

Available information 1s fnsufficient to determine whether the Hanford
site meets the 1000-year pre-emplacement groundwater travel time
criterion.

The NRC staff position is endorsed by Willfams and Associates and Paul Davis
of the Sandia National Laboratory. NRC staff will request that NWC respond to
comments made about the NWC analysis 2s directed by the NRC staff, NWC's
response will identify the assumptions upon which their analysis {s based, the
suporting data, and a discussfon of the uncertainties associated with the
groundwater travel time calculations.

B

Approvals
/,"cvf'
For Nuclear Waste Consultants, Inc.: E/u/o?.

For Williams and Assocfates, Inc.: ﬁo\) 5 I\-L‘-u‘—"hw 86/11/ o*F

For the NRC staff: "AAdod. R.\Nex A sy 86/11/0%




ENCLOSURE 4

NOV 25 1585 j

Mr. Mark J. Logsdon, Project Manager
Nuclear Waste Consultants

8341 So. Sangre de Cristo Road

Suite 6

Littleton, Colorado 80127

RE: BWIP
Dear Mr. Logsdon:

After detafled examination of your review of "Groundwater Travel Time Analysis
for the Reference Repository Location at the Hanford Site" (SD-BWI-TI-303) and
our subsequent meeting with you on November .7, 1986, the NRC staff disagrees
with your position that the pre-waste emplacement groundwater travel time at
the Hanford site probably does not meet the 1000-year groundwater travel time
criterion based on your analysis using existing informatfon. As summarized in
the enclosed memorandum to Paul Hildenbrand dated October 28, 1986 (Enclosure
1), and discussed in the November 7 meeting (see Enclosure IT), the NRC staff
considers that current uncertainties are too large to assign high levels of
confidence to any estimates of groundwater travel time at the Hanford site.
The staff's conclusion recognizes the large amount of uncertainty assocfated
with the hydrogeologic data base, conceptual groundwater flow models, and
groundwater travel time analyses for the Hanford site.

As agreed in the November 7 meeting, please provide the NRC with (1) a detailed
description of the assumptfons you made {n your calculation of groundwater
travel times for the Hanford site, (2) an assessment of the uncertaintfes
associated with your calculated groundwater travel times, and (3) an

evaluation of the sufficiency of the data base used for calculating groundwater
travel times in SD-BWI-TI-303 and your analysis. 1 request that you respond

to me in writing on or before December 19, 1986. This effort should require

no more than one staff week of effort. If you conclude that additional effort
is necessary to respond to this request, please contact me §mmediately to
discuss this matter further.

The action taken by this letter is considered to be within the scope of the
current contract NRC-02-85-009. This letter does not authorize changes to the

L 26RO F—2op



HOV 251685

101/MFW/86/11/03/NWC LETTER .

cost or delivery of contracted services or products. Please contact me
{mmediately {f you believe this letter wouId resuIt in changes to cost or
delivery of contracted products. e

Sin¢ere1y.

Jeffrey A. Pohle, Project Officer
Geotechnical Branch
Divison of Waste Management

Enclosures:
As Stated

cc: Mary Little, ACB
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NUCLEAR WASTE CONSULTANTS INC.
$M) S Sangee de Cristo R4, Suite 14
Littieton, Coiorado 8012° -
£303) 6°3.%291

January 15, 1987 . S 009/2.3/NHE.002
oL RS=NMS-85+009
Communication No. 129

11.5. Kuclear Regulatory Commission
Jivision of Waste Management
Geotechnical Branch

M5-623-SS

washington, DC 20555

sAttention: Mr. Jeff Pohle, 5ébjé2t‘ﬁf?iher :
- Technical Assistance in Hydrogeology - Project B (RS-NMS-85-009)

Re: NHC Re-Review of Clifton's BWIP GWTT Analysis
Oear Mr. Pohle:

This cover letter transmits to the NRC staff Nuclear Waste Consultant's (NWC)
Re-Review of "Groundwater Travel Time Analysis for the Refernce Repository
Location at the Hanford Site", by Peter Clifton (SD-BWI-TI-303). The original
copy of the review is being transmitted to the NRC Project Officer by Federal
Express; the additional required copies will be transmitted by regular mail.

The initial NWC review of Clifton's paper was submitted on June 13, 1986 as
NWC Comunication No. 65, in response to written direction from the NRC Progect
Officer (Letter from J. Pohle (NRC) to M. Logsdon (NWC), dated May 5, 1986

The conclusions of the original NWC review were considered by the NRC staff,
and their response is contained in an internal staff memorandum dated October
28, 1986 (Memorandum from M. Weber and N. Coleman (WMGT) to P. Hildenbrand
(WMRP), dated October 28, 1986). The Weher/Coleman memorandum states that
"... it is premature to place any significant amount of credibility in current
estimates of groundwater travel time at Hanford, including those prepared by
DOE and NWC." As a result of this memorandum, on November 7, 1986, management
of the Division of Waste Management (DWH) requested that Mr., Adrian Brown,
President and Technical Director of NWC, make a presentation explaining the
findings of the original review. Mr. Brown made his presentation in the DWM
offices, Willste Building, Silver Spring, Maryland, on Hovember 8, 1986.

The attached report has been prepared at the request of the NRC Staff (Letter
from J. Pohle (NRC) to M. Logsdon (NWC), dated November 25, 1986), and
constitutes NWC's written response to the criticisms set out in the NRC's
internal memorandum. The present report reevaluates the finding of the
original NWC review that "...there is a low probability that GWIT will exceed
1,000 years..." at the Hanford site. In particular, the re-review addresses
the NRC Staff's direction that (1) assumptions made in the NWC evaluation be
documented and their impact on the result be evaluated; (2) an assessment be
made of the uncertainties associated with the NWC-computed groundwater travel
time; and (3) an evaluation be made of the sufficiency of the database used
for calculating groundwater travel times in both the NWC and Rockwell reports.
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8ecause of the seasitivity of the HRS concerns, NWC desfgnated tne re-review
as an NWC Qh-level i resors, per tha ferms of our projectsspecific cuality
assyrance pian. The cocument nas rezelved detalled review by five reviewers
"including complete, indenendens 2ssessment of all mathemasics by 4wo
different reviewers from two c¢ifferent organizations) and has also received
additional peer review of the 59dy of the text by key members of all thres
subcontractor organizations.

Nuclear Waste Consultants considers thad the attached repor: responds fully $o
the writien direction of the NRC Projest Officer and that, in addition, it
responds fully the criticisms raised in the NAC internal memorandum. Based on
the very extensive reevaluation, NWC restates the cenclusion of {ts review of
“Groundwater Travel Time Analysis for the Refernce Repository Location as the
Hanford Site", by Peter Clifton (SD-BW1-T1-303) as follows:

8ased on the review results, the reviewers consider that there is
2 significant 1ikelihood that the BWIP site will fail the
1,000-year travel time rule as currently interpreted in the NRC's
draft technical position. This 1s directly contradictory to the
Rockwell evaluation. e :

If you have any questions concerning this letter or the attached repors,
please contact me immediately.

Respectfully submitted,
NUCLEAR WASTE CONSULTANTS, INC.

Mark J. Logsdon, Project Manager

Att: Re-Review of Clifton's Groundwater Travel Time Evaluation

cc: US NRC - Director, NMSS (ATTN: PS2)
OWM (ATTN: Division Director) - 2
Mary Little, Contract Administrator
WMGT (ATTN: Branch Chief)

L. Davis, WWL

J. Minier, DBS
M. Galloway, TTI

Nuclear Waste Consultants, Inc.
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Report 1074/86/2
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1.0 INTROOUCTION

dns3re1eased 2 report enti“led

Y
]

In Apri

, 1686, Rockwell %anfor pera.
"Sroundwater “ravel Time nna./sis or‘.he Ra erence Repcsi»or; eoce ion at tne

Hanford Size", authored by P.M. Cli‘tdn ‘Clifton. 1980) This .ocunen* was

the f£ifth in a series of reperis se::ing out the eva1ua.1on of g*oundwa‘e'
ravel time for the Hanford site. Such an analys1s ailows evaluation of 10

CFR 960.4-2-1 (d), which requires .ha: “A]site shall be disqualified {f the

pre-waste-emplacement groundwaler travel time rom the 1s.urbed ‘one to the
accessidble environment is expected to be Iess than ;.GOO Jears dlong any
pathway of likely and significant radionucIide urave , uhe document was used

2s suppert for the following finding 1n the r1na1 Environmenual Assessment

(FSA): “...there is a high nkenhoodi(i_:e'*.a{probabmty of at 'Ieast 0.97)

of pre-waste empiacemant qround-wa.er;trave1 time to the accessible
environment exceeding 1,000 vears.” (DO S 1086 p 6-;00) Based on this
finding, the O0Z concluded that "The evidence does not support a finding that

the reference repository loca.ion 1s disqua1i‘1ed (eevel 1)." (DO 1986, p.

A

At the request of the NRC made b}‘ietterldasedfﬂeygs, 1956{}ﬂ§é1éaf Waste
Consultants reviewed the Clifton reboft as paft of support'for'the review of
the FZA. This review, performed by Adrian 3rown (NWC) and Catherine
Kraeger-Rovey (Terra Therma Inc), was presented to the NRC under 2 covering

letter dated June 13, 1986. she .exf3ofAthis origfnal repor* 1s presen ed as

Nuclear Waste Consultants, Inc
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A228n3ix 4 o this reagcrs. The N" rnview disac'ee: wi.n the £ if:s

zznzlusicns and consiusec iastead tna: :hs-c was a ralasive 1 low pradasiiity

-
]

taas the G, aion

(1%}

t1e fastest pata afhnixgly radionuclide '-avca witis

exzeed 000 years.

Tae conclusions of :ne review wn-e considered bv".ne JR” s‘a... an¢ saeir
respense is containad in 2 memorandum cate Oc.aber 25, 1235, wnicn stated
tnat "..it is prematuyre o piace any significan: amcunt of credidility in

cur-ent estimates of groundwater trav=1 .ime at Hanford inclucing those

.fﬂeber and N. Colenaﬂ da e¢ October

pregarsc by D0z and NWC." (memorandun bv
28, 1986 - ¢copy in Appendix B). As a —esu1 o‘ this memorandum, on lovender
, 1986 a presentation was reaues.ed of %r. ar0w1 t0 exziain tne findings of

NwZ. This presentation was made 1n Sjpver Spring on November S, 1986.

Tnis repors has been prepared at the recues. of the NRC staf‘ (le::er J. FORie
tc M. Logsdon dated llovember 25 1935 - copy 1n Ap:endix B), and cons’it;.es

the requasted response 9 the cr1 icisms sot ou: in the abov° in.ernal

he finding of Nuclear wWas:e

(44

mamorandum. The prasant reporse reoevaiuates
Consuitants review of the Clifton paper that "...there is a low probability
that GWIT will exceed 1,000 years.;.' at the Hanford site (NHC 1986) in
particular, it was requested that (1) any assump.ions ‘made iﬁ the VHU

evaluation be documented, and their §mpac: on the resu t be =va1ua

-~
ny
St

+nat an assessment be made of the uncertainties associated with the NWC

computed groundwater travel time, and (3) an evaluation be made of the

Nuclear Haste Consu1 ants. Inc
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Tne a33rcazn <2 tnids ascitional evaliation ds ¢s ravisit those matta-~s tnal
ars zalies ‘a5 cuesticn ov the aener/ldieman memcrindum. Thaese sriticisms of
12 Nal -2viem arg §ta2tas 25 f2%10ms:

i1. "Une analysts coes nct ordoerly acsgsunt far tha large uncertaintias

2s50ciated witn the nygragesiogic 22t2 Sase anc groundwater trave

time 2na'vyses far Ine Hanford sits.™

"’ e

2. 'ns an3ivsts: coes not 22asider =epreseatative vaiues of
33ic saramete-s 1lang ficw Daths ang realistic concesstual

models of tne groundweater flcw systen.”

Tne re-review will conclude by addressing the statement in tne NRZ memcranaun
that "LLiC's review zoaclusisas 2te boldly overgtatec given the large
Jngantalintiag 35332 a%8C wiln 2ny Zyurrent estinates 3f groundwater travel tine

12 ve Hanford site.”

<% shoull de noteg tnal there acpeirs 0 be no disagreement hat the Clifian
analys!s sverestimates the JuvT, and che abilisy ¢f the Hanfard site tg mse:
tne regulatary requirement. The matter at issue is ~nather the supporsat’
JaTT 15 82 much lower than the Ziiflon viiue that failure of tne regulatary
squirement «as licely. Accordingly this re-revies #1il not regeal the

2satyatien ¢f ne J1ifiam anatysis, excest 39 the extant necessary 29

Nuclear daste Consuls ants. Inc
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T

3.0 SUMMARY OF FINDINGS

Tne re-review text is relatively iong, 25 it s intéended %0 be exhaustive.
Ta‘s summary ¢f the key asoests 9f the SWiP 3477 evaluation are oresencel
nerg, s0 that the reacer Mmay be aware in advance of where the presentasion is

leading.

3.3 CONCLUSIONS QF QSIZINAL RE3ORT

Tne analysis performed by Clifton concludec that the pre-emplacement GWTT far
the Hanford site {s in the order of 50,000 vears, witn a 97% chance that it
#ili exceed 1,000 years, and would tnerefore nave a high prodbadility of
passing the D02 siting requirement (10 CFR 950.4-2-1(b}{(1)). Based on :nis

finding, the D0Z concluced that the site should not be disqualifiec.

3.2 CONCLUSIONS OF ORISINAL NWC RIVIZW

in order to check the reasonableness of this conclusion, NWC performed a
simple check analysis and concluded that the pre-emplacement SWTT for the

fastest path at Han‘ord was'Iike1j to be less than 1,000 years, and weuld

therefore have a significant probabiiity of f1iling the NRC reguilatory

requirement (10 CFR 80.112) and the DOE siting reguirement

Nuclear Waste Consultants, Inc
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(10 CFR 960.3-2-000) 0171, Z2asez on inis result, tne J0% “inding was

Tne re-review concentratzs on the confidence issue., How confidently can
conzlusions be drawn using 2 performance measure [In this case GWTT) which is
oresentiy very unceriainl Tne re-review looks at the sources and magnitude of
tne uncertainty in the de-ived quantity (the GWT7), and of the.uncertainty in
tne regulatory measyre the probadility that the Gw™T along the fastest path
will exceed 1,000 years). 1in reading tnis analysis i is imporitant to
istinguish batween these two uncertainﬁies: only the latter s of importance

in the context of 10 CFR 60 and 10 CFR 960.
“he xey findings of the re-review include the following:

1. The main non-parametric uncertainty in the analysis 1s the
identification or selection of the "fastest path" of groundwater
travel. The Clifion analysis considers oniy fiow in the Grande Ronde
basalts. This is considered to have the potential to greatly
overestimate the GWTT, as overlying flow tops are considerably more
permeable than tnose in the Grande Ronde. In order to err {where
necessary) on the side of giving the D0 the benefit of the doubt,

the NWC anaiysis made the same simplification. However it is

Nuclear Wdaste Consultants, Inc
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consigered snat Sne fastest 23%1 wouid in 21 likeiinooc involse ine

higher oermeacility flows of the Wanasum formation.

2. Tne main paramesric uncertainty in the analysis is the selecticn of a
vaiue of porositv. Gavy 1s proportional to porasity, so that n2
iarger the porcsity, the longer the GAT1. There is only one radorisd
direcs test of porosity of the Columbia River 3asalts on site, and it
oroguzec a vaiue of about C.0i6%. If flow is confined to the Grande
Ronde rormation, it is computed that the siie would pass the NRC
requlatory standard if the effective porosity along the flow path
coulz be shown to be graater than 0.07%. [¥ the fastest path enlers
the «anapum Fformation, the required poraosity $o meet the regulatory
standard would be even greater than 0.07%. For additional testing o
asmenstrate that the effective porosity is greater thah 0.07%, more
than 9C% of the future test values would need to exceed the present
test vaiue, and more than 50% of the test values would need to
produce a larce scale porosity in excess 0.07%. B8ased on what is
xnown of porosity in fractured rock media, this is considered t3 be
an unlikely outcome of testing. Accordingly it is considered
unlikely that the actual "fastest path" will meet the proposed

regulatory test.
3ased on tne re-review, NWC re-states the review conclusion as follows:

"3ased on the review results, the reviewers consider that there is a

signifizant licelihocd that the 3Wi? site wiil fail the 1000 year travei time

Nuclear Waste Consultants, Inc
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directly consradiciory t2 she Rockwell evaluation.”
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4.0 RE-EVALUATION OF FINDINGS OF NWC REVIZW

C.. MITH02S 3% AZCOMMIJATING UNZZATAINTY IN Gwoi COMPUTATIONS

4.1.1 The "Consa=vyacise” methad of aczommadating unce=tainey

There arz a numde~ of ways of taking uncertainty into azcount in an
evaigation. The traditional way is t5 selest a conservativa (or "the"
consarvative, viiue of each of the impor:ant parameters in the analysis, and
to compute a conservative result for the derived quantity, in this case Gavl.
noweve- tne determination of wnat is “conservative™ can be ¢ifficuls. This is
because the definfiion ¢f "conse~vative™ depends on what hypatnesis is deing

L >
Lestec,

[n the Jlifton repers, tne hydothesis being tested was that there was 2 high

probabilisy that the Gai: exceeded 1,000 years. For this purpsse,

"conservative” assumptions are those that tensd to underestimase the GWTi; i€

this underestimate ¢f Gwi7 produces a positive resuls for the hypathesis, then
presumadly so would the “actual” answer, because it wouid be even higher.

This is the approach that the Cliflon report claims to use where there is
uncertainty about a parameser that is not included exslicitly én the

ssasistical portion of the anaiysis.

For the purpeses of the ariginal NWC review, the hypothesis being tested was

that there was 3 significans prabanility that the Gai. w#ould he less shan

Nuclear Wasie Consultants, Inc
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2,007 years. Tris is funcazentaliy differeat from <ae Jlifton aypotaesis.
a9~ the Nal nyoothesis, & "cansarvative® assumption i one wnich tends ©

-

ve-astinata tne GaTy; 1f tals sverestimata of GaTo {5 significantly Tik2’y

L)
ub

o

~e
- -

exz2az2 1,000 yzars, tnen sresumabliy the “actud!” 3Tt is even less

[ 8]

-
L 4
—

1

-

2ly 3 mes: Ine glandarz. Tnts fs therefore tne asproach 0 conservaiive
or Sounzing estimaticn <2t {s uses in the original review, and in tnis

re-2155essment.

S48, 2 The "Stacistical” mechnd 3f iccommodating unzercainty

Tne issue 0f wnat is "conss-vative" is avoided 1Ff it is passible to determine
tne nature of the variadiiity and the uncertainty 2sscciated with each 3f the
important somponents of 2 de-ived quantity. For tne purposes of this
gocumens, tnis aopraach wiil ba zZesgrided as cthe “scastiscical™ apprach. in
the statistical aoproach e entire population ¢f information on each relevaas
i2mpanent s 1ncar:ora ted in the analysis, and the uncertaiaty in the
csmoonents ts then reflectes in the calculated unze~tainty of she derived
Quantizy. The use of this approdch ts standard in reitadility engineering,
ang application in “he earth sciences has been set aus in detail in 2wo dcoxs

oy dare {1577, 1967).

vne d0ouiation of infarmation that is availadle on & particular componens of
the 2naiysis ¢an de drscrided in statistical terms, using as many moments of
the sistridution of Ine iaformatisn that are desir2d, Using these descriptive

§tasistical paramatars, the carresoonding paramelaers 3f the csmouted gquansity
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(in tnis case the 3aTT, cin be .3.-J.£:e:.' in tals w2y 21 estinmata ¢f tng
ca=tainty in the comouted gquantity can de mada by car=ying tne component
uncertainiy tnrouga the comausasion. If ¢esirad, the uncerlainty in tne

.s=a%iszizal paranetaers zan 3153 He gers ved.:anﬂ‘the uncersainty in the
estimats 9f ynce~tzinly zan 2isc oe sampusad [however it is usually small

compared 3 the ungertainty 7 tne computed quantity).

L
-»

1.3 Ajo~3aznes use? fa caomouczaczion of 3ATT

gcth the C11ftan ang tne NAC analyses use a mixcure of She “"conservative”
aporoaca and tne "statistical® aporoach: both use the “statistical™ approach
far tne iaciuston of paremesric variadility and uncertainty into the analyses,
and dath use tne "conservazive" 2ooroach for the inciuston in the analysis c¢f

uncertainty ascut flow paths and zsoncenstual models.

s.2 930233 ACIIUNTING IR UNCIITAINTIES IN PARAMITIRS AND ANALYSES

Tre inftial Weder and Coieman criticise of the revies s chat it "does nos
o-a2erly account for large uncertainties associated wish the hydrogeologic
datadase and groundwalter travel time 2nalyses for tne Hanford site* (emphasis,
agzed}. % s presumed inal lne term “properly” is aere used in an 2nalytical

sense.

The handiing of uncertaialy !n the review document is rigorous, as set cus en

age 23 of the review. In that sestion the uncertainty ia the GwTV resuyls is
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(41

snown 0 be directly ralated 55 tne variadility cf tne parameters whizn ar2

Jses 12 compute the GWiv. Ngte that the accuracy ¢f the relationsnip

arasentad {for uncorrelated comoonenss):

Vartance of the jog of GATT

= Sum of the variances of the logs ¢f tnhe components

is garived directly from the definitions of the first and second momeants of
any sample, and is not generally dependent on tne form of the distributions zf
the logs of the components. This formula is supported in Appendix C. It is
2also shown in Appendix C by similar theoretical considerations that the
variance of the log of the GW11 is greater if any of the components are
positively correlated with each other, s0 if the uncorreiated components are
used, this will produce (for the NWC analysis) a conservative {lower) degres

of variance than would resuls from assumptions of correlation.

it is significant that the application of this simple approach does indeed
produce values of variance for the GWIT that are close to those derived from
the Clifton numerical analyses {Appendix D). That these two radically
different approaches produce essentially the same estimate of vari#bility in
the result is considered to be generally supportive of both, and indicative
that the method of computing variance in GWTT does not introduce significant

uncertainty into the esvaluation of requiatory compliance.
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S, CONSIDERATION 0F COMII2TUAL MOOJILS

The "conser~vative" approach is taken $3 accommodate uncertainties in tha
concestuaiization of the fastast pre-smplacement flow path. As noted above,
tne conservatism appraoriate to the NAC anaiysis 1s that which produces an
uooer bound estimate of Gwit (¢.e. GwWitT essentially equal to or greater than
the actual value), as we were testiing the hypothesis that the site would have

a siznificant probadbility of failing the &T7 performance standard.

~1
o
"0
2
(@]
(2]

oncentualizasion of thz flow paths analyzed includes the following

flow takes place in tne Grande Ronde 3asalt;

>
.

2. flow is mainly in the flow tops;
3. flow in the vicinity of the RRL may be in any direction; and

4. the flow path is highly heterogeneous with respect to fiow

parameters.

These four simplifications were made to allow a2 simple check of the Clifton
analysis. Accordingly they are not considered to be assumptions, in the sense
that there is any implication that they involve an act of faith. However the
reviewers consider that an analysis performed using these simplifications will
be conservative (i.e. will produce longer GWiTs) when compared to a more

detailed and exact evaluation wnich does not make these simplifications, for
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tne reasons set oul delow. |If ".‘?ﬂ;§°_§ﬂ°"“ =“§= the simplificactions a3
indeed lead to an overestimation o?'GSTf; 3ﬁé:if the 64T comouted using these
simslifications s not iikely %9 ex:ee&”1.ood yeirs, then refinemenss  fo-
axamale by odtaining more precise parameters, by baiter definition of astul!
flow paths, or by performing more accurate analyses) will simply more sirong'y

confirm this conciusion.

The degree of conservatism or lack of conservasism that each introduces in%o

tha final evaluazion is considered below.

a
-

3.1 FSlow takes olace in the Irande Ronde Sasa’e.

There have now been several evaluations of 1ikely flom from the repository %o
the accessible environment based on existing information developed in the
2asalt program at Hanford. These analyses include evaluations performed oy
Rockwell, Golder Associates, Sandia, Baéteile. and the NRC staff. :n each of
these evaluations, the predominant pre-emplacement groundwater flow pataway
has been lateral, generally in the first few flow tohs above or delow the
resository. Relatively few paths have penetrated far into the overlyimg
~anapum formation, and relatively few paths have moved substantially below the
repository horizon. The Clifton analysis makes the simplification thas flow

remains within the Grande Ronde formation.

Perhaps the most direct evaluation of the likely flow paths that has been
perforned to date was presented in Appendix O of NUREG-0960 (1% should be

notac¢ that these computations were for repositary location in the Umtanum
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“low, well deliow the prasent proposesd repository host ficw - the lohassest).
in this evaiuasion a wide range of parametric values for fiow tops and
interiors wera seizcted, using mesasured head gradients at the site. The
rasyls 0 the 2analyses was thas iateral flow was the dominant pathway for &'}
but a vary few paths. These patns far wnich the vertical flow component was
significant [that penetratad far verticaily above the repository horizon} were
found tc be considerabiy the fastest paths analysed. Tn2 reason for this was
found to be that the hydraulic conductivities of the flow toos (in which moss
of the transit time occurs) hapoens to increase significantly as one moves
‘upwarg 7rom the repository horizon, $0 that the velocity of lateral movement
increases in the higher eievation flow tops. This matter §s taken up in a2 e

dezaii in Seztion 4.4.2 of this re-review.

In the NWC evaluation, the simpliification that flow remains in the Grande

Ronag was conservative as the simplification produces slower groundwater

velocities and longer GWTTs than if all possidle pathways were considered. As
the hypothesis being tested by NWC was that the GwiT has a significant
probapility af deing below 1,000 years, any conservatism requires erring on
the side of longer travel times. However in the Clifton case this same

simplification is unconservative, because that analysis was attempting to

demonstrate that the GWIT was significantly more than 1,000 years, ye: a

simpiification was made that tends to overestimate the GWii.

This simplificaticn is very conservative with respect to the NWC hypothesis,

and very unconservative with respect to Clifton's. 3ased on the dat
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Drasentec by Aockwell ‘St-ais and Mercer, 1838, reproduced as Appendic Ii an:
cat2 ccllected by sne NRD at ¢asa reviews, the geometric mean of tne
t-ansaissivity of the flow taps in the lowe= poreion of the Wanapum (she
F-encnman Springs Member) is more than 100 times higher than that {n tne Fiow
w005 in the portion of the Grande Ronde adjacent %0 and adbove tne orogoses.
recository horizon {Appendix 7). 7Thus for those few fiow paths that {ndesc
oenatrate the Wanajum, the Flow times are very short when compared 9 those in
the Grande Ronde fiow tops. As the regulatory rule {10 CFR 60) is written in
te~ns of the "fastest path" and the siting guidelines {10 CFR $60) are wristen
‘n terms of "any pathway", it might be more reasocnable when considering the
ragulatory test to look at pathways that enter tne Wanapum as 1ikely being the
fastest, and %o therefore include them in the analysis. However, in line with

Clifion's anaiysis, this was not done in the review analysis.

2.3.2 Fiow is mainlv in the flow toos

Tnis simplification is in accord with findings presented in the Clifton
report, NURSG-0960, and the NWC review. A1l show that the time spent in the
dense interiors by pre-emplacement water fs a small percentage of the time
soent in the adjacent flow $90s (almost always in the range of 5% to 1C%).
Accordingly, the NWC simplification was to ignore the GWTT in the flow
interiors on the grounds that it-is negligidble. With respect to the NWC
analysis, this presumption is somewhat unconservative, in that ignoring the

Gmi1 in the {ntariors srocduces a somewhat lower Gwit than is obtained when i
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iatara’l gradient in any giraction in the vicinily 97 the
FA., 82 that the simplification appears %5 be reasonadle, There does,
nowever, aopear t& bz 2 signifizant verticaily upward gradieat in the ARL,

which would arive Flow upward.

This simpiification 5 consistent with the two simplifications described
above, and therefore has no incremental impact on the precision of the
computed GaTT when it is made. This is because the above simplifications are
equivalent to analysing the lateral travel time in an isotropic, heterogeneaus
flow system comarised of Grande Ronde flow tops. The gross gradient in the
lateral direction in the RRL appezrs to be less than the gradient in the
vertical diraction, but the lateral gracdient is commen ¢o the interiors and
the flow tops, while aimest all of the vertical gradient occurs in the 7low
interiors, Zue :o.:neir low hydraulic conductivity (NRC, 1983). Accordingiy,

in the flow %ops, flow is essentially along the unit, rather than upward,

£.3.5 Flow path is highly heterocensous with resoect to flow parameters

The model used by NAC (and Clifton) lumped all transmissivity data obtained in
flow tops in the Grande Ronde into one database for use in the analysis. This
ensured that the full variadbility of the parameter was recognized in the
analysis. Hcwever, it also ensured that the average transmissivity of the
flow top wou'd be relatively fixed with respect to the impact of new
information, as the sampie from which the mean was ccmputed would be larger

than thas which would be considered if oniy one flow L20 were considered.
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WWC nias tested whether tnere is & §igni?iéén: differan:e betxeen>:he conassat:
Flow t0p ‘which C1{fton states would have been used if encugh data were
avaiiabie: and tne rest of tne flow .op t'ansnissivi./ ua:aAin the Grange
Pongze, 3ased on the anaiysis p'ﬂsensed in Appendix 'hﬂ*a is not 2 .

i:istica.1y significant difference in the geone**ic means o‘ the -
transmissivities of the Cohassett and the non-Cohassett Grande Ronde {low
tops. Therefore it appears statistically reasonable ¢o use the entire

datasel.

‘. AR

finally, it appears reasonable to use the en.ire dauaset because it is not
clear which flow top the fastest f)ow pa:h would actually 1ie in. What does
anpear from the avaiiadie datz is that there is great heterogeneity in the
ooint values of transmissivity in any flow top, and that any path of flow will
pass through a wice variety of differen‘ transmissiv1 Ly sec‘ions.: The test
described in Appendix £ indicates that the Grande Rond= flow ¢ .opsAare not
significantly different with respect »o this parameter. Accordingly, the use

of ail the data recdgnizes the full known variability of this parameter.

4,3.5 Summary of effects of simplifications of conceptual models

In summary, all relevant models were ;péﬁif&t§11y {ncluded in the NWC
conceptualization. While there can be no question that the actual path that
groundwater is taking in the pre-emplacement situation has high uncertainty,
this uncertainty is contained within the simplifications (or ass;mphions )

that have been made with respect t2 .he analysis pe: ormed by_ﬂdc.‘

Nuclear Waste Consultants, Inc



CLIFTON GWTT RE-REVIZW e January 13, 1986

I wne analysis perfarmed using ﬁéSé sirpli‘ica‘ions oraduces a resuls whicn
has an accestasle level of regula;ary 'on‘ide"ce, than the uncers2inty

associated witn 2ne cancagtaaii'a.ion used 1n .ne aranysis 1s not. significan:,

ng matter how large. fFu-=ther, the simpli fcasions made in the Wnu review are

consistent ~izh these made by Siifton {whose work was deing reviewec), anc.

with the NRC's publisned analyses 1n NURE;-QQGO.

4.8 RIPRESENTATIVENESS JF °AnAﬂ'T:a< ALO%G ‘LOW PA‘HS

§£.1,1 Kev Paraneze-s

The representativeness of pa'ame:ers along ‘Iow pa.hs fs the core guestion
relating ¢2 Jnce*tain.y. 2s the parame*ric variabili y and uncer.ain.j is

indeed large.

e po-

The eguation “ar the GWT7 2long 2 given pathway is given by:

(
SUM (ee=-= )
( x 1) all segments

(a4
L}

roundwater travel time

ength of path segment

hydraulic conductivity of path segment
effective porosity of pazh segmen.
hycraulic gradient of path segment

where:

- 3 AT et
LI I I

Using this relationship, and the conceptualization noted above; the key

sarametric information needed for the computation of GWTT is that relating <3
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eazh of the four parameters invo ved n the a431/sis. The extent to which

(4

ach parameter was selected asina rep,esen a.iv& va:ues was det2 1ed in the

-

inal review (pages 15 %0 21)~. S

-a.
A8

r

O

Cleariv, as a result of the si 1p‘1‘ica~1ons made, an¢ justified adove, the
values of interess: were v2iues in ,he Grande Ronde, values in flow %028, an¢

vaiues near tne RRL. When such Jalues were no* available. .he bes.

information, both testing and .heoretical had to be used. In general, there\ k

is adequate information <2 define 2 bes,’gg.imqggwof the mean, and of the

e m———

s+andard error of the mean. However in some cases the standard error of the

mean had to be estimated. This es.inabe is anso 2 "hest" estimate, and is
itself subject to error. It is possibln to also estinat= thé standard arror
cf tne standard error, and carry .his uncer.a nty throuch the analysis. A
t~ial of this approacn indicated that the 1mpact of this error on the estimate
of tne madian of the Gwi7T, and tne standard error of the GWwi1, is $o smali 2s
<5 be negligable., Accordingly the results of this ra‘inement is not presert

here.

The follcwing sections present & discussion of the extent to whicn the

availahle data can be considered representative of site conditions.

4.4.2 Hvdraulic Conductivity

The hydraulic conductivity c¢istribution was taken frem cata used by Clifsan,
which was taken from Strait and Mercer (1936). A copy of this document is

included in Apoendix £ for reference. It is suggestad that inis informatien
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w25 tne best data availadle as ‘ne , “of ‘he per‘o mance of °1e analysis.

fack avaluation of the s.a:is.1-31 paran :e's re1a°1ng to thesa dase suggestas

s the reviewer 73T tney were reasona..le.

The data used from Strait and Mercer. ’1°36) 1s by no means all of tha

inf orﬂa“1on on the hyeraulic conduc 1v1./ of.flow tops in the Grande Rande
basaits thas have been putiished bv DO-.Y As part of_the database preparation
t2sk of contract RS-NMS-35-C09, NAC has colIec~ed as'much of the available
¢ata on hvéraulic conduztivities as can be obtained. wWhile the pudblished
quality assurance levei of the grnat major1tv of tne results 1s relatively
law, and while HW has not yet seen the originai data for most of the testing
and thus cannct warrant the reasonab1eness of ~he re5u1ts. 1‘ 1s considered
that the datanase, by virtue of its sheerrsize, does allow scme conclusions as
10 the nature of the hydraulic conductivify of the Grand Ronde flow tops to te

made.

ne r ts collected by MW are indica.ed 1n Table 1. This. inforua‘ion has
been takan from the NAC gatabase, which 1s described in (’TL. 1986) 0f the
64 different values in the datadbase, 45 {70%) are taken from Strait and Mercer
{1986), 28 (44%) are from relatively close to the RAL (1.e. excluding 0C-14
and DC-15 as was done by Clifton), and 5 (8%) are from the Conassett flow top
relasively close to the RAL. The>re1a:ion§hip betwéen .he distribu fons of
the values is of consideradle :oncerh;_ The cumulative distributions (made
simmetrical for plotting purposes) aré presented in Figure 1. 1Inspection of

these curves indicases that the overall data appears %0 be approximately
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(1]

©

“r
[+

<2

A ¥
[T

-ncrmal, Further, the dissridusions of the overail casabase, Ihe dorticn

A from Strait and Mercer [.985), and the porstion of the Strait ang Mercer

337 <ata that are 2lsc relatively close %9 the RRL are 21l approximateiy

e same cist~ibitions. The four values from the Lonassets Fiow teo, wnidh ‘s

flow 22p tnat Clifion wished %3 use in nis analys's, but was pravented oy
smaii number .f samples, has a lower geometric mean transmissivity than

stna~ thres 2istributions.
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Table 1 - Transmissivitvy Data Used in Review
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PROPORTION WITH LOWER TRAMSHISSIVITY
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Figure 1 - Distributions of Flow Top Transmissivities
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in order to evaluate whetner a2 ajpdarent Jifference between the {ohassett
flow top transmissivities and tne overall Grande Ronde fiow top
transmissivities are statisticaliy significant, a non-paramesric rank-sum
siznificanze test was appiied ‘Hoei, 1966). The procedure used is set out in
Acoencix F, 2ased on this %2s5t, the ¢ifference between the mecian values of
the two distributions is not significans at the 10% level {the statisti:
indicates tnat tne standard score of the test is 2=-1.03, and the prbbabi}ity
that the differences between the medians of the Cohassett and non-Cohasset:
iow top transmissivities are due ¢0 chance exceed 30%. Note that this test
does ngct require any assumption about the nature of the distribution of the
actuai ctransmissivity popuiation., 3ased on this finding, 1% is considered
statissically acceptadble to utilize the data from the entire set of Grande
Ronde flow tops, rather than the very limited dataset available from any one

flow top.

In addition, eariy evaluation of the large scale perturbations resulting from
driiling indicate that the geometric means of the soct data do indeed give 2
reasonable estimate of the grass hydraulic conductivity of flow tops in the

Grande Ronde.

There is great variability in the spot data used in this evaluation, but
relatively 1ittle uncertainty in the estimate of the geometric mean of the
hydraulic conductivity. The statistics that are detarminad from the data

sresented in Tabla 1 are presented in Table 2.
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Table 2 - Statistics of Grande Ronde Flow Top Transmissivities

PP AT I ON N3 STATISTICS OF L0GA RI‘HVS MzAN OF TRANSV"SZVITZ
oF Gz IOM S70. S.2 -93% G= oM -83%
Ts MzaN osv. MEA“ IMIT MZAN MLt
11, Grance Rgonde 88 -.23 1.79 22 034 W52 408
Tiuw tOpS
Se-ais/Merzer GA 42 -9 1.88 .25 Q33 122 AT
flow tops
25 '1-2: 2.02 039 0010 0061 0367

Strait/Mercer GR
FTs Jess DCla/sls

SLM GR £Ts from 1§ -1.00  1.87 .48 01 .01 .e33
Zirxect & above

-
-

~1
w

54 Cohessets FTs = -2.28 .89 .C000¢ .006 .347

The information used by Clifton in the reviewed report included a variety of
tne above distributions. For the purposes.of checking whether the simale
method of analysis used in the review produces eésent1a11y the same result as
the more complex Clifton stochastic analysis, the case illustrated in Figurs 2
¥ the report was analssed. ror this case, the transmissivity and hydrauiiz

conductivity data were as set out below:

Statistics: ceometric mean transmissivity = 0.12 sq. m./sec
Assumed flowtop thickness = 10 meters

Mean hydraulic conductivity = 1.22-07 meters/second

[n the course of attempting to reproduce the Clifton transmissivity statistics
(which was not in general successful) it became clear that there were some
nctentialiy significant differences between the data pubiished and the

statistics reported 5y Ciifton. This matter will be taken up sesarately from
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N ald
[}

tnis review. However, for the purposes of generating a Gwiv that conforms %2
the simplifications outlinec adove, 1: was considered that the transmissivity
dasa that was obtained jn the portion of'the Grande Ronde formation that is
adjacent ta, and above, the proposed repos:itory horizon [the Cohassett fiow
hottom, the Conassett flow top, and the Rocky Coules Flow %op) would be mas s
appropriate. The statistics of this grdup of transmissivities are presented

in the secand last row of Table 1, and are:

Statistics: Geometric mean transmissivity = 0,101 sq. m./sec
Assumed f]owtob thickness = 10 meters
Mean hydraulic conductivisy = 1.172-07 meters/second
S.0.(1log hydraulic conductivity) = 1.87
Number of {tems in sample = 13

S.3.{1og mean hydr.conductivity) = 0.433

4.4.3 Gradient

The gradién: used in the NWC analysis was assumed to be log-nofmaily
distributed, positive, and small. The valuss were taken by Clifton from early
readings at 0C-19, 20, and 22. While C1ifton assumed no variability in this
parameter, NWC assumed that it did vary. The limits on the variability of
this parameter at SWIP appear to result more from the inability to to measure
slight head differences at great depth in the formation, rather than the
actual variability of the measure itself. This parameter does not appear to

he a major source of uncertainty with respect to the magnitude of GWTT.
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Statistics:  Secmetric mean g'acinn' = 22

N

$.0.{l0g mean gradient; = 0.3

4.4,%8 Sarosicy

Tne porosity of the Grande Ronde Flow Tops is clearly highly uncertain, as
Jeszribad in the original review {Appendix A, pp. 13-20). One test value is
<acwn to exist in all flood bHasalss, and it is very low by at least granular

matarial standards (0.015%).

Tna tast value is not inconsistent with published estimates and test resuils 3
of fractured rock porosity. As ncted in 2 recent paper on GaT1 (Brotzen,
15386}, the effective porosity of fractured granodiorite with an average
hydraulic conductivity of 32-6 meters per second was found to be about 0.3% |3
tests), and the effective porosity of fractured granite with an average
hvdraulic conductivity cf 52-11 meters per second was found to be 0.03% (4
tasts). The geometric mean hydraulic conductivity of the flow tops of
interess in basalt at Hanford is 1€-7, which would suggest a porasity value in
:ne order of .1% would appear consistent with these test data. Theorstical
considerations (Snow, 1968) based on parallel plate theo%y give some cuicdance
on expected porosity. For an average hydraulic conductivity of 12-07, the
parallel plate theory porosity would be about 12-04, about the same as the
vaiue reported for the basait test. These two results are indicated on Figure
2, and are comparea with the nydraulic conductivity information obtained for

the Grande Ronde Fliow tops of interest.
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‘na Zisiridution of the scrasizy of fiow tops 1s of imporsance for the
evaluation. Cleariv not muza i35 known abcut this, as there are relatively few
tagt resyits, and oniv one in Sasals. However theoreticzal consideratiors can
provide some assistance in this matter. Porosity in the basalt flows is
axpectad o be primarily <he rasult c? fractures. 8ianchi and Snow (1953 .
indicates that fracture apertures in crystalline rock tand to'be log normaily
distributed, [t is therefors zonsidered reasonable to assume that the

porosity at depth at Hanford is log-normally distriduted.
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Figure 2 - Relationship between 2orosity and Hvdraulic Conductivity
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.noagdisisn, it nas been hy:c:nes{zed :ha:lthg sorasisy and hydrauliz
cenaustivity of fractures rock areHFéléted (Sncw, 1963; Snara, 197C; 8rotizen,
238350, If tnis is s3, wnen as distributfons of these parameters woulld be
axpezted ts he the same. As §4 is 2ccepted that the distribution of nydraslic
conductivity in fractures racs is log normal, it seems reasonable to assums

“na* the ¢istribution of sffeszive perosity is alsd log normal.

Two paneis of JOE exoerts considered that the Eange of porosities that would
be appropriate for fraciured bdasalt woﬁld be from 0.01% to 1%, with norma’
distribution {Runcnal e% al, 19332 and 19384b). 7Tnis was the mean and
cistripution used by Ciifton. 3ased on this range and distribution, the mean
perasity wouid be expected to be 0.505%, and the standard deviation about
.23%. 1% should be noted that the one :esﬁ value 15, by these parameters,
nighly unlikely, bu% not significan:1y different in likelihood from a nagative

porosity.

sased cn the above discussion, the parameters that characterize the porosity

are not clear. Relatively good agreement exists that the size of the rance of

D

the distribution of the porosity {s about two orders of magnitude, but there
is disagreement on the mean porosity, and on the shape of the distribution. A
surmary of the ranges of statistics that are relevant to this review is given

below:

tatistics: Geom mean porosity = 0.00018 (NWC) to 0.005 (Clifton)
$.0.{10g mean porosity) = 0.3 (NWC) to 0.15 (Clifton)

Oistrisution = log-normal (NWC) to normal (Clifton)
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Secause ¢f tnis range, porosity is considered a variadie in musa of 3als
re-revies, and the cuestion is asked in the form: "What average sorasity would

Se nesded t: demonstrata regulatory compliance?”,

4.4.5 Surmary of Renrasentativeness of Parameters

In summary, NAl consizers that the pérame:rfc values use: in the revies of the
raport were indeed representative, both with respest o 1nc1ud1ng'ali the
avaiiable information in the values {{.e. all that data that was used by
Clifton, whcsa paper was being reviewed), and by making reasonadle allowances
for the uncertainty in the reliability values for the means. Qhe:her these
vaiues are a qood enouagh representation of the actual parametars to alicow
regulatory decision making cannot be deternined prima facie: however
computations of the probability of regulatory error can be made using the
¢istributions presented, no matter how uncertain., An approach to such
computations is presented in the review document, and in Appendix D to thjs
document. Oniy by consideration of the reQuTatory decision can the adequacy

of the data {for NRC's purposes) be assessed.

¢.5 RECONSIDERATION OF NWC'S REVIEW CONCLUSIONS

As noted in the NRC memo, the NRC staff consider that the NWC conclusions are

"bcidly overstated". This criticism has been evaluated in Appendix D,
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srimariiy by checking whetner tnere is any reassn to modify those conciusisns

made {n tne originail review.

2.35.1 Rectification of comoutzsional errar in sricinal review

re-anaiysis of the G771 computations upbn which the review conclusions wera
based identified an error in the original computations presented in the Nwi
review, A transiription error was made in the porosity that was used by
Clifton, so that the apparent mean poroéity that wag_};ansfered into the NWC
computations for comparison was 5% ra:hér than the 0.5% value which he
aztually used. This had the effect of causing the Teviewers o mistaka she
impact that the heterogeneity of the aquifer had on the Gai7, which in tura
zaused them to over-estimate the extent to which the GWT7 appeared to fail ths
regulatory standard. Quality assurahce procedures modifications are presently

under study to-reduce the probabilityvof'a recurrence of this type of error;

these efforts will be reported separately.

4.3,2 Re-assessment of GW1T assuming all flow in Grande Rande

Re-evaluation of the computation, performed in a way that highlights the key
uncertain parameter (porosity), indicates that the site would meet the

regulatory standard based on NRC's draft guidance on G T if:

1. the flow remained entirely within the Grande Ronde ¢iow, and
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Tnis

2. thz mean effective porosisy of tnhe formation along tne path of
fastest groundwater travel could be demonstrazed to be in excess of

avous 0.07%.
Il

vaiue is:

-
.

exceeded by a factor of eight'by Cijftdn's effective porosity, wnich

‘explains his confidence that the stahdar¢ will be met;

2. 1is about four times greater tnan the only test value, which explains
why NWC considered that the site would appear to be likely to fail

based on the present information; and

[#9 ]
.

is sligntly less than :hewéééaééEi¢-aéan of the Clifton porosity
range, which suggests that'the §1te would marginally meet the
requlatory standard under thé'assum:tions that Ciifton's range is
reasonable, and that a log-normal distribution of the effective

porosity is also reasonable.

¢. is adbout the same as the expected value for fractured granites of

similar hydraulic conductivity.

it seems possible that additional festing of the repository area could indead

result in new data that would result in the mean effective porosity ultimately

exceeding 0.07%. In order for the new data to provide that increase from the

existing value, 90% or more of the values would have to exceed the present

value, and 50% or more would have to exceed 0.075. 3ased on what is known of

Nuclear Waste Consultants, Inc
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actual porasities measured in ‘racture’ roék'medfavof relatively Tow nyd-auliz

conducsivity, 1t appears unlixkely that such a large change wouid cccu~.

<.5.3 Re-2ssessmens Sf 3w

alone fastess path

The proximity of the Cohassett flow to the top of tne Grande Ronde formation

raises the question as to the Ga'1 in a hybrid flow path partly in the Grande
Ronde, and partly in tne wanapum., As demonstrated in Appendix F, the
transmissivity of the lower Wanapum flow tops 1s statistically significantiy
greater (about 100 times) than the ‘he "ansnissiv‘ty of the flow tops in the
upper Grande Ronde., Accardingly, the Tateral groundwater velocity in the
wanapum would be expected %o be about 100 times fasc2r than in the Grande
Aonde. As a result of this finding, 1ittle or no credit will be able to be
taken for GW1T in the Wanapum; this is equivalent to locating the azcessidbie

environment at the Vantage interbed for GWI7 computation purposes.

v wouid appear that there is almost certain to be some pathways from the
repository lccation to the aczessidble environmsnt that pass into the Wanapum,
as it is only about three flows distant. As the reculatory requirement is
couched in terms of GWTT along the fastest path, the presence of the high
transmissivity units in the Wanapum would require porosities in the Grande
Ronde formation to be consideradbly higher than the 0.07% cutoff to ensure that

the fastest travel time to the oo of the Grande Ronde exzeeds 1,000 years.

Jemonstration of effective porosities in the Grande Ronde in the vicinity of

the RAL substantially in excess of 0.07% appears unlikely.
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($])

2.4 Summa-v of zonclusions

)
™Y

In summary, the~e stiil 2ppears ¢2 :he rev1ewers substantial ctecnnicai rsasons
ta consicer thas it is more 1ikeiy thas-the site will fafi tne Gi7v

nce standard than that it wfil'bdésift.‘ [+ should be borne in mind

nae»form

that tne NWC re-avaiuation was deliberately intended tc¢ err, where

simpiifications were necessary, towards high GWTT vaiues.

How boldly any conzlusion can be drawn about the ability of a site to meet 2
ragulatery condition depends to some extent on the {mpact of future data on
the da2zision. 32s3ed on the adove maieriai, we conside~ that additional data

collaction will have several effects:

1. Additional information on hydraulic conductivity will reduce the
uncertainty in the geome:ri;“me;n of this parameter, thus somewhat
reducing the mean GWTT tha:'hoﬁldzbé reqdired for cempliance with the
regulatory standard (or, put 2nother way, lowering the lower bound of
acceptable mean porosity values). Given the current relatively large
database of spot values, it does not seem likely thai the
cistribution shape of the fndividual test values, or the geometric

mean value will change significantly.

(4% ]
.

Additional data on gradient will likely not cause a modification in
the gradient used in the analysis, or its uncertainty, due to the way

that the regulatory guidance is framed.
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3. Additional cata on porasi:y ha§'the pcssibili:y €0 substantiaily

change the mean effective bo%dsity, ané nence tne estimate of Gais.

32sed on these considerations, i< wéﬁTd’aﬁpear :naﬁ while additional tescting
has the potensfal 2 changs the GWis estimate at Hanford, it appears tha:t only
demonstration of a geometric mean effective porcsity substantially in excsss
of 0.07% has the potential to ensure 2 positive regulatory finding. In the
opinion of the N4C reviewers this put:ome still does not seem more likely than

the failure of the site on the GWT1 éfiterion.

However the revised analysis does cause the NWC reviewers to modify the

original conclusion as follows:

"3ased on the review rasults, the pe?igﬁérsf@onﬁider that there is a
significant 1ikelihood that the SHI?“sita Qill fﬁ11 the 1,000 year groundwater
travel time requiremens 2s currently interpreted in the staff's draft
technical position. This is directly contradictery to the Rockwell

evaluation.”
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1.0 INTRODUCTION

et "Erounaweter Travel Time Anaiysis far the Referencs Redssitor
Locacion at the Hand ar: Site”, §5-3uI-7I1-303

10THSE P.M. Zlifion |

Jats Aporavec:

canuary,
Or. Zatne~ine Kraeger-igvey (7
(NWC)

erra Thermz] and adrian 3rown

i1, 1368

€.
[
3
[}

General review 0f concests and meshods, wish emphasis on
iogiz, 2ssumotions and 1im1:a°1~ns. Specific review witn

rasoect to input date and .31,.. ns. Reviewed in the
contaxt of sudaert for cecisd cn-na< ng in the ZA process.
Pre-smpizcenent 3rouncdwater Travel Time; Hanfard Sitsz;
Stochastics; Prodadilities; Porous Mediz; Fluid Flow;

conceptual Models; :anJ,e" Model
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2.0 SUMMARY OF DOCUMINT AND REVIEW SONCLUSIONS

2.5 SuMMARv QF SOTUMENT
The cocumenst under raview at i .o eval gta the current Hess estimete of
the pre-amaiacement groundwater avul (GHTT} as Hanford, as is raguired

+o evaluaze wne=ner the sise compifes wisn che resuiremenss ¢f 23 CFR 60.113:

"The gealagic repository ;hal]'be Tocated so thas
pre-wasss-gmplacement roundwa v=1 time along the fastest path
of likely radicnuciide ravel ‘r.m .He dis.u'bed zone (around the

repcsis orv‘ %3 the 2¢¢ ssib.e enviranmens shaii

(3 4
"w

2+ lsast 1,000
years or such bther travel time as may be 2oproved cr specified by

she bvl ..fSS"Gﬂ."
and wita 10 CFR §60: e

ite shall Se "s~ua11‘ie* if the pra-sastz-smpiacement

- il

"we
-

srounceater travel time from the disturbed zone tc the accessibis
environment is expected %o be less than 1,000 yezrs along any path of

likely and significant radionuclice Sravei.”

ta aszzision, 10 CFR 98J inciudes & favordbie sonzition [wnich if prasant is
~sngideres *g enhance confidenze in the adility of the site ¢35 contain and

222 nuclear wast2), wnich is chat the 3wvt ¢s grzatar than 10,000 years

L1 £

5':04’2-:)0
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ne cszumans Jresents she -esules f a2 :am;~ a:ion 0f whe a7, TRt t2Kk23 ints

11isy of the input date that qust

The simpiest ¢F tnese five modals conside's .wo-cinensiona! horfzonzel flow
in tne basa's flicw +o0 overlying the rﬂposf.cry.‘g»omp.ex y is added <5 this

ow W

by supe-impssing vertical f?ow, irs: :ﬁ u;h she repesitory noriZon,

thzn througn tne sverlying sejuence cf»row interiors and intervTiows, tI the

srcunc surface. models are bri fly descr!bcd 2s follows:

- Mocel 1 is limictad ¢to 2 csnsidera‘icﬂ c‘ wo-d‘nensional,hhori:on‘*‘
fiow {n the basalt fliow .ap over;yin" the dens2 int srior of the
acement horizon. MNejther vertical flow, nor .low {n any ctner
aver is considered. Grcuqdwé‘er travel times are caiculateg belween
2 zgint in the fliow .op immeciately 2bcve the downgradient ecze of
the repositary and the a; ss‘b.e envirannen s assumec five
xilomesers laterally distan from .he repcsitory edge. ‘A»poten:iaiiy
ncn-conservasive assumpsion is that the disturded 2one is limited

-pm
P ww

sne emplacement herizsn. of the disturbed zcone is larger, the flow

sath <9 the accessisie environment may be shorter, resulting ¢

shorsar sravel times.
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Travel times preciztes in :ﬁis'nadeT ran~e. over eizns orders cf
magnitude., Spatial va—iabioi y and unce*‘*in: sonsribuyte 2 tnis
roed ranga, However,"ine s.-niffcan. pcrsicn cf the reange of

resuits 1s not as orsac, consid=rin the regyiatgry criteria for

Jrse-gmoiazement stravel -ines. C11 on calcuylastes that th

prodabiiicy of exceec ans e f .O OOO-JBar °-av=3 °1nns is g er than

¢S percent for all vard :ioqs o"pa'ane:er uncarsainty and snasial

variability ¢onsideresd in :he moﬂel.

Model 2 conside~s cnz-Zimens ionan, verticaily upwerd flow in the
yspermost section of the dense 1n°e'1or o‘ the en:.::enen‘ horizon
beneath the flow %97, Graundwa‘er .ra 'tines :: .he aécessible
environment are ngt caiculas ed 1% .his mocdai; inst2ad s purpese s
t3 gemenstrace the ‘1:'enen' a‘ crounada:e' travai that can de
atsributed to movamens u*h &n undisturbes section of the
emslacement horizon. ;he .rav=1 dis.an s ar~1°-ar‘1v set 2t 0
meters with no basis. 1s 1nplic sy sssumed thas she dfs.urbed
zcne will not extend upward from the resgsiscry o2 wi:hiﬁ 10 mé:ers
f the flow top. Shguid the disturded zone exsend further, Model 2

results would be non-conservasive,

The resuits of this model predict an additional {ncrement of

groundwater travel time Zdue %0 consideratisa of versical movemens in

the cense Fiew interisr inmediately abova :tne r=enository horizen.
vhe variasion in sraziztes groundwazer travel times of :hous L.3

Terra Therma Inc
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orders of magnituze {s cue primer{iy <o tne varfation in assyme:

vaiues of nydraulic :sﬂcu"‘0‘°y anis rosy ratis. The greatess
anisoorogy ratic [2C) :rrsspon‘s 42 the iowest range ¢f <ravsa)

ad

wi

m

-imes, in whiza the mecian 1s 2,200 verrs. Howaver, the rang
traval times censicered by Cli..on does inzlude vaiues in ths t2ns
ané hundreds ¢f vears that m2y be of concarn, depending on the

resuits from Model I, for travel time to the accessidle eavironment.

- Model 3 is 2 combinazion of Hédels 1 and 2; its purpose is o

[4)
m
3
(]
e 1
v
o
3
(L]
ot
"w
(3]

¢ macreitude of increases travel time estimatas that can
be aznfeved by aczaunting for the fntremant of fiow in the

emociacement herizan dense interior,

.n the ¢iscussions of Mode». the au‘h~' indicates that the mode
sults 2re very sensisive :o bc.. the Ic,-:ransmissfvity range
‘Mozel I, for horizoneal 1a¢enan‘ shraugh the Fiow $9p) and tne
nydraglic conductivity anisciropy ratio (Model 2, “or verstical
mevement througn the flow {atarior of the renository norizon). As
has deen discussed previously, these input parameter vaiue ranges ars

sensisivity, thcse

*h

ralasively uncertain; given the high degree 9
uncersainsies transmic direztly o the model rasy

] -~

tne uncertainties 3¢ Mocels 1 and 2 are comaoundes, 2and, tnerefore,

(2]
-l
o~
-t

che results of 4ais mozel are asoe

1 & agsounts for norizontal ang versical flows in a ssguance of
Sw 32§ ang sense intariors ascve tne emslazement agrizon,

Jerra Therra Inc
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flow regime is :uc-‘iﬁensi.nal a1d hor1’on.a» in the flow %933,

-y
[1]

ans cne-dimensionai and vnr 1ca; in :hﬂ f1ow 1ﬂ°°v‘~rs. Three
variatisns are daveloped, wi.ﬂ 4hree d.f.eren: anisstropy rasies for
tne Fiow intarisrs, %5 aszsouns for uncertainties 2s 2o vertical
nyvarauiiz condussivity values, The pazhiines for determining
groundwater travei time bezin at the Dase of the flow}top overiying

=he dense interior of tne emplacemens horizen.

Mozel & adds to Model . & consider a ion of upward, verticzl movemens

tarough the secuence of basalt flow tops and u-ﬁS’ interiors a.ove

—

the repasisory-horizon. Runs of Model & were mede with a range of

vertizail nysrauiis-gondus 1v1.y anisa:ropy ratzios from 1 %0 30 and a

range cf flow top trans ;sivi y correlation rangces from 2ers 0 5

kilometers. \\\; /,,/-v—\\fA”'

- Model 3 is similar $0 Mocel 4; the principal difference is tnat the
flow patn for Moczl 5 degins in the dense interior of the empiacement
morizon, for the puracse of demonstrating the acsiticnal travel time
accountabis o meovement through the flow interior above the
renositorvy. Model 5 ¢iffers From Model & in that {4 includes
consideration ¢f travei time vertically throush the dense ¥low

interior of the renositary aorizon.

qe

motions made in ﬂCd‘lfﬂ, travel times thrcough th2 iavered segquenzs

<>
et
e
(13
3
(1]
w
(%)
£

T $lows and dense intericrs in Models 4 and 3 include uniform versi-al

Avéraviic comdussivity ang tniskness wishin eacn layer, and hcrizontal

Terra Therma Inc
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grounzwatar fiow within the flow .acs de:e;ﬁfne: with she 2igorisnm descrines
i. The Monte la-l: version of poa=a:, PORMC-S7 {s uses t0 datemins
Tnis ccde soivés tne stzady-state groundwitar Flow
ezuazion for a velocity fieig, w.ich 15 then- use 49 trace particie saths and
dezarmine 2stal travel ime of each par‘ic!e..., ne logic and procelures fn

Madals & and 5 are considered adequa e and aapropria.-.

s 2ccomecate dasa unzersainties for some of tne nydraiogic parameters,
ssasilistic funciions rediace sfngle‘values as input data t2 tnhe models.
caput Zate Tor the models were deve.oped mAex‘s“‘ data, and where Z2%2
were lacking, from judgement. aansi.fv.ty ana:;sns were condusted with gach
model to determine 2ffects o a*ia.ions 1n the 2ssumed data cn pregictad

trav2) times and, for cthe more complex models, fiowpaths.

2r atl but one of the Five models, the computer code used {s PORMI-5F. The
current version of this coca soives tthS£eédj- :a:e._:wa-dimensicna1
aroundwater fiow equation. Resul:s he groundwa er travel time mocels arsz
cresant2d in the form of probabi.i.y dis: ibusticns, instaad of singie vaiues,

nese procadilisy distributions are developed Sy accounting for uncartaine

es
in some ¢f the model inputs, including lack of information and spatial

virianility.

sing she data selested by Rockwell, the evaiuation results in the sonciusisn

~ s

shat there is a very high predability that the Swiy is greater than 1,30

v2ars (37% cr greatsr}, anc 2 high probability that the GWi7T {s greaser thean

Terra>7hgrm; Iac
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2.2 SUMMASV QF SIVIIW COMMINTS

Tne resulis of 2a¢s review are sa2s the a39ra8ch used for the comays cfsns i3
in gensral azpreo-iate, o2 the ex:en: :ha: 1% ¢an be undzrscoC using the
matarial praszatac in the re:cr- ocnas {e anp-:acﬁes %9 andlysis will,

¥ the reviewsrs, &lw2 ys

-
~

T waste repasisories, for

At 21l stages of tne licens

wili 2iw2ys have 2 hign lev

be n-ed d for anaiyses of pe*‘orman;e of

the falicwiag raasons:

ing prosess, the Zata that are availasie

g} of v;rianiii:y ang uncertainty, which

will require 2 need ¢ undgrs#gn the uncertainty of the results of
anaiyses.

2. The regulatory standards are all couched in t2rms of leveis ¢f
confidense of the standard b=1n9 met, rather than of absoiute
assuranse,

However, it is concliuded that the re§uf:§“ob:a1ned in the actual comp utation
27 GWT are ingsrrect, ang that there {5 2 low prodbasiiity that tne 3y will
axzeed 1,330 years (Setween 20% and 50%), and a lower probability <hat ;he
Swio wiil exceed 10,000 vears {detween 2% 2nd 7%). The differences in the OO
resuit 2nc the review result stem mainiy from the 1nterpretat16n c¥ perasity,
50th with respezt T2 the "Sest estimate” value, and the nazurs of {5
cistrioution argund tnis estimata,

These reservations an2 findings have been :anveyed to the 002 on at lez2ss two
previous scsasions (NRC, 1 Nn., 3 ), and the failure of Rozkwell <o

Terra Therma Inc
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-~

itne- modify the GWTT evaluation on the dasis ¢f these commenis, or o

(1]

«ne n223iticn of the NRT {n <he p*ﬂsant.do'umen: sug3esss to the reviewsrs thal

ine-2 h2s been 2 drezkdown {n the pre-11 enst :Jc.ﬁ unicetion pracess tnas is

supsoses <2 be cccuring &t this :1n- ; ﬁc*ordin;1v A% {s the sosition of the

raviawars “hat the HAC Staff shou1d cans’der di'e::1n 302 %0 show 2ause why

1]

(V)

-ne size shouid not be discualified, based on any reasonasle interpretation of
sne avaiiadie information, and the 10 (PR 880 requirement that the Departmens

nas ses foar all resositories.

Terra Therma Inc
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2.0 SISNIFICANCE TO THE NRC WASTE ﬁAﬂAGEHENTﬁPROGRAH

Szan 12 CF% Fart 50 and 1T IFR Part 360 resuire eveluations &f pre-empiacement

3
'
¥

ne c2s2 of Part 960, there is 2 dissualifying
congition for site selecticn assa:1a;ed with 1ikelihood that groundwaler
avel “ime is lass than &,300 yearﬁ;'.It‘fs'anticiaated shat this documens:
will 5e uses %9 suppors 002 con:enﬁiqﬁéfiﬁ the Fina? tnvironmensal Assessments

that sne disgualifying condizfon is not present at the RAL for the Hanford

(72 ]

iea
Cemy

w

ase2 an currently availanle information.

Terra Therma Inc
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€.0 GENERAL COMMENTS ON PEPORT

Tne ~aviewers 2a&lisve tnet 30I s

varfasiiity of hyaraytlis data and the po n~1-1 uncertainzies {n the mcceIs.oF
srouncwazer flow in 2 conceptyally sound ‘ranpwsrx. The HRC has repeatedly

cemanced that 032 assessments 2t Hanfor ake these sources of variadiiicy and
uncertainty into consideration, and i 1s well 20 acknowledge that this seper

incicates <neir inseastion o3 ds so.

Tnet neving besen saig, it must be stated that this paper fails ¢ adequataly
2~ even 2ppropriately 2ssess tne likely range of groundwatar traval times, for
tn1% n2st common oF re2sons - the da“ :ha: Aro ussd to implament the 22zroach

a~e nct comorenensive, conservative, or even, in some cases, 2aprepriase.

#sis prasanted in the reoor: calis <3 mind 2n ephorism atsrisutae %2
£52 Ancrew Lang @ "He uses s:a:is:ic; aﬁ 2 drunken man usas iampposts - for
522007 rasne~ than for i1:¢n1na‘ion"' The aoprcoach presanted in the rapors
‘g compliex and difficuit to review, and gtes 2 consideradble wiy to Zdiverting
atiantion from tne manipulation of the basfc data thet has been used <)

sroduse the claimed "conservative” inswers. However, it ramains the position

2¥ the review tzam that the currently available fieid-derived data

E 2t
sw
w

stince from generally canvassed opinions) indicate a Gwis in the ordsr 3f

L3

2230 years, with 2an uncertainty of at least an crder of magnitude,

Terra Therma Inc
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5.6 DETAILED COHHENTS

v

"
" e

ANALYTICAL APPRCACH

The general anaIytica! ap :a‘h c‘ ! "1CUAHa1ysis seems ?‘Hé¥ 35‘

- I
reviewar; %2 be the only *ealis 1c possibtii. ‘cr adcrosslng tﬁe spa‘1a1

variadiiity, 1imited quansisies :nalyticalfd .,, and 1nh=rent uncer.a11 25

in conceptudl models., However, as CIif on abnnowleﬂces. there are
¢iffizuities in applying the s.obhastic‘ana1ysas b ause of insJ 1c1en~ data

o candust spatiel statistical. ana’y es- |

:de*iv cor'e1a‘1on rancos ‘o-‘
ssatial stachastic processes and problem in assjgﬂing convincfng ranges and

distributions ¢o paramelers ha. are; .ed;es 'andan var abIes. 

WWC,T7I consider that the 3WiP ana.y 1ca1 appr:ach shou1d be encouraged, but

that this agplication ¢f *he s.oﬂhas.ic ana!ysas shoa!d be rejec:ed on the

grounss shas the paraneter s'*uc ures ‘that' h ’e'baan‘us=ﬂ 1n .he ana:yses have

bean chesen in 2 manner ha' biasesf he'fesu1.s :awafd 1oncer travcl times.

"his arzument is developed in de:a‘1 1n ‘he se 1ons chet oinaw.‘ in
-

adgition, NWC/TT. notes that we do no* ne ssari1y concur °hat .he conceptyal

moceis used in the Clifton pape* realisbfcally dosc-ibe "‘1ke1y paths of

radicauzlice transpors”, a ma::e. .haﬁ is:deal* wi‘h 1n same detaf} 1n godnl1

(1923). In view of our analyses and conc.usicns .ancnﬂning ‘*aval-.iﬂes in

(Te)

as of what we consider to be de ns‘b1- paran tric data, our quns.icns

asout conc2ptual models appe’r .o b= e sefsnd ordﬂr concern. -
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.2 SOMPUTATION 9F GWT

2.. Simals Tnasrzsical Sramew

resardiags ¢f the comaliex ities o‘ ne ne.nod use.. the basic formuia for the

griungwater travel time 1n ] noﬂoaeneaus medium 1;{

1) trni/ (x1)
where: t = groundwater travel tim

no= effective p
L= length of ¢
K = nycdraulie

1 = hydraulic

The zsmplaxities that h
resyit of the failure
mecium, Insesad, the ¢

¢f tha nartial <ravel

an {nterasting aspect of the 1n;or.a C° o‘ ‘he va*ious parame ars arises in

the ¢iscussion of the vnr:ica. _ansi‘-‘ine which 1s p esented as par. of the
ciscussion of the different pas ﬁ mad=1s assumed (’age ;-) By use o‘ Jarcy's
Law, it can be simoly shown .ha.; .o' ve"icaI flow ¢» rough 2 horizon.aily

erad medium:
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(28]
o
-l
»
3
-lie
-
e
S
(2]

X
-3
(313
2 )
(1:]
4 4
e
]
(4]
b,
%)
']
-

fi = effective

-y = thickness of Iaver i'“

‘ . ) _.'.-",
¢ = Tlow tnrousn a upis area,oftIAVer_f

e

SY the lowess hydr o
yarauiis andu-.fv..yﬁ?qyg;iin‘:ﬁa ;i.e, in gaﬂerat nes the

nySrauiic zanduzsivie tne i
t1c <onduztivisy of wne i2yer deing considerss:
P e - : ‘ ' :
=y ¢ =4
A / ke

whera S = Tlow thraugh a uni‘ area f'al> *

2ot2l hexd loss aes os_{sys.ew‘-“suntﬂi)

(£

K 2 accpne e yveres .
effective versfzsl pe—meabi11 y : ssn(.:) / sunily / ky)
s . i

vimaination of {2) an¢ {3) :rcdu‘es

E SREIRYIAT ke’

whers ] & tab - < SN
i vota] transit :img over Jayered system
N = affective porosity of laygr’
Li = thickness of Iaye- . |
{ = grad{eno 2
SLﬁ(Li) /,5u?(3‘)

k * effective versic 33 R
erwe I3y a(is 7k,
R 5l sty 11

,Terfgﬁfhermatfnc
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e for | g*Oun.na er *a "ans s the

?~5. rcpor:, g ven by.

s effe,:jve;:nic‘ness

» o
(s'\n t = ---.-.-.-.-----..-------.-.-.-..---.-.--....--.-..-
’

sa) gragdient x effgf' n‘hydrauiic conduc*iv

(3]

'3._/ (1 kg

x
s 3
(31
-
(1]
4 4
"
l"

ctal transis time ;vérijavered sys:em
D¢ = effective thickness g
i = gradient = sum(.i)'/vs ,?;1., (A
Ko = effective vertical 92’ﬂ££bi11 y = 'Jn i) / Sum(ga 7 k4)
Howaver, uniess the total :hicknessiq‘; hc rasistive unizs betwesn the source

anc sink of the flow syssem is :akéﬁ ‘o-a :aun., this e~ua‘1cn is not

particularly useful for the compuﬁe‘fon of ‘transit ¢ ime.in_:he:presen:

sicuation.

The paramaters that are used for :heﬂcompu:a:ion,qf_GKTTlin the report are

¢iszussed below.

.2.2.0 Horizontal hydrauiic conductivity

s

The geomeiric mean of the .ransﬂiss.vi‘v of ==saren:1y 13) indivicual Grande

onde fiow %025 is sta.ed .a be‘O‘

z’~s~ua'° ne.-.s ser dav ( Aé 16), wish 2

\

standard daviazion of a ‘ac.ar'b . :af(s.aada-ﬁ devia ion o“'

'Té5ﬁf#"fftfﬁeﬁna In
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Taz-transmigsivity of 2..3).

viriadia,

.noazdizion, the ¢ aﬂsmi,s‘"i SLE 3 <0F. ¢
2295, for reasons that re nct pa-:icuiarly ¢1ear.r .he .ransﬂissivi v of flow

the Hanapum,

:954)0 T."\US :U

.
rsi

wise, although 1% wou‘d hard?y nake ,:.a .he resu1 s. &

thay
have such 2 huge range [the 5% con idance range;o‘ ansniss1v1.y 1s f=om
0.000007 to 2230 square meler '* However t should be noted in
passing that if the pathway mOv°d 1n o the,WAnapun, then the transmissivis fes

are consideradbly hi aher, and she corr ponﬁfng.:ravel‘.imes would be

correspondingiy tower. In addi fon

the tandarﬁ,dnvia'ion o‘ '\6 mean value
is less: for i3 samples, the varia.ion lloa’mean transmiss vity‘is deut

0.5, or a factor of 4.1 ei.he' wayl 1~‘ .he nean..

log-ncrmal, wrrich appears reasonabTe, * we'e norﬂal he1 :he eff t of

only the tcp one or two values woa1d ‘b af sign!‘tcance in the evaluation of

the mean.

1a the 2hove discussion, :ransm€551Vity'Can‘be transformed 20 hycrauld
zanductivity by dividing by the thickness o‘ he acu1 _‘;his 1s .ynicanly
in the crder of 10 meters..,.hus, K .hA11 16 er*or. the hvgrauiic |

zonductivity {in meters per s ond) 1'ahou1d bv dividin the :ransnissivi*

Terra T\ermallnc
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he

Qggsélin:eriors is ﬁﬁé paraﬁe:er ¢f
of 11 i.es.s o‘ .he horizon.ai
' have bﬂen

zonguzied. “ ..x1O‘-3 me*e's per
his geome riz mean

: ‘he vasicular zcne. Vhere are

scme mashodological prc*1nrs =ssocia d with, he condu" and in rpretation o7

these tests., However {2 is caear"hat he neasa'ed horizan.aI hydravlic

censussivity ¢f the 4randa Randn ‘10 {n'eri».s isvin ceneral low{ Q.'

Tne t-ansfar ¢f this invsrmat on .a var‘icai'hycrauiic condac‘ivi y is
sraustasome, Anisotropy ra‘ios ‘r:n ' al30 ave been sugges.ed. and all ars

sea2isis tased on dis.ussions c‘u*he na‘urn or Jciq ing ard c.ﬁ " facors,

These weuid lead t5 vers ca! bvd au\ic unda. vi‘ies 1n .he order c 19-22

matars per second. 8ased on .%e ‘a'f avaiiab?e. i‘ 15 n-. possib]e 0 2s¢

snis Tow hvarauiic consusstivity .c en‘ire 1av=*s of c-nse 1n.e-ior material,

Firgt, the mean versical hy ra;.ic candu ivi‘ ¢f <he 1 is an arishmetis

=smassice of she values eb:aine The tasss °&a‘ have beon pe*‘arred
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nas there must have bee 1«-1y, on.y 1:w va-uos end ¢

52 admissad in%) h rm.2nis

1y 13 -es. S --'\8

g¢aszsase, If is

€J square kilometers, shen *he area avéred: b/ ea*h hola is naa*Ty sc:are
<iismeters, and the dasa is spread cn an ‘ve*ace s:aﬁing of ahau. 2 '

kilometers.

Tre lezkage over the area cu 0
is computed from Darcy's L 0 be
5x29-€ zudic mes 'in addi ion,

there were 2 singie gesiogic "ho:e _1n * . £ an area (;ay) 100 meters

[14]

sguare, of average hydraulic condac : . ' rs por Se*ond ':hen the
Flow through this feature alone wouid be*abou‘.‘wice::he 1eakag° °‘: he sheet,
using the proposed hydr '

tests nitting this feature in any dense 1q.erior 1n .hc RRL .s 0 2..

Azzordingly, it is entirely pcss1b1e ha‘ thn eff 1v= ver‘ical hydra411-

cenductivity of the fs':a‘ion is cons1d°rabiy_r1ahnr »1an .Hﬂ valuns given,

5.2.2.3 Porosity of Flow Tops

¢ is in the evaluation of pcrasi.y ‘hat .h ma n disag-eenen.s bAtxaen the
raviewers and the Rockwell team occur.' Fi s there i onlv cwe a"ualsy
measured value of affective porasi.y fcr Han‘ord aasal | .his v*tue {s

:‘Iow tp 2t nc-7/a;f

computad by Rockwell $o be ;.5x10'4 ‘ar.a

{»,Té;fh;fﬁé}ﬁa;iﬁgfgi ‘;"
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-
.0oenler o

gx2eris,
vt ois of this,
crty the one Strager test that has bﬂen pe*‘orned 1n danfor. :as;?: :a ca:e.

‘pgrcsity

have bean availadie :c .he ex;er.s n”‘mwiar na. rials 1s ques 1onab|  The

average hvdraulie conduc.ivi./ ofd_ ‘-‘Tow_boos 1s abou. 10‘7 mesers per

*~e

S

(1]

sand

s §s aifficuls 20 pﬂ-‘o'n reasanab1e tracer test in nater1a1s of

«r
2
.o
w

or iower hyvcraulic condus 1v1‘ .he tra'er‘does not mov- e*y

-

~.ake abou. yﬂa's.for .hu tracer

Py

eickly: in typical es‘ condi 1onsgitﬁw04;d

$3 move 100 meters. A
comes from tesis in
or reasonably low poresity, or bo.h' joeneral, .h~ available data come from

cranylar materials tests. Acco;ding%y’ is suggﬂs:ed .ha‘ ncbody 1s an

"expert" in this par:1cu1;f figjq;

Tne ¢istribution of ‘he’horoéi y is *.onsidarabio 11.e*es..‘ iodk%éil claim

that 14 is normally distridbused, and cife :Hree rnfsrencns in suppcr. of this.
AT 122st two, and probadly all hree, of .hose r=‘e*=nc=s. draw their

zanciusions from granular mate*ia\s. Inﬁ.ﬁese na:e*faIs, 1: 1: unqsue1 fer

the effective porosity 9 ‘a11 out sid= ‘he 'angﬂ o 0.. bc 0 4 The ﬂaan of

such a pepulation can be corpu d bv assuﬂ1n~ a ncr~a1 ﬂisbribu 1on, and is
ahout .25, Sxﬂ.la—ly, ' can be compu.ed us.ng 2 Ioc-no.ma1 =ssunp fen, and

is adout 0.20. The difference is smg)],_;nd thus the aoproach .akﬂn wou?d net
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siznificantily effes :he ‘-ava!’.{re‘caﬂputa:!onzin .%1s cas 3 Can‘-as this

aitn the sitpacion in the rnviﬂw dacu e1‘_ﬁxH "*ha range o‘ :h= vaiues 1s

fesm 1073 25 i2°s, The ¢ rresponding?nor&al nean 1s 9.03, wnil.,.he

3-ncrmal mean is G.01, & fastor offtve {;As 'ﬁe groundwe er travel

time {s propertiond) %0 the porosi.y.;i‘”1s qanside*ab.y un.ans"va°1ve %9

assume the normal dist *ibu‘ien. '

.0 the review document, Rcckwnxl c1=1n 3 rela.ionsh‘p between porosity and

aydraulic conducsivis (=aae 20. se'onu paragraph) . f th hydrauli'

-~n~uc:1v1.y is log-ncrmelly c.s:*ibu‘nd ‘hen_it wou1d appear reascnabT that

the porssity in such sftuat 1cns wouldfalso be 1og-norma1 ...n a‘di 1on, on

P23 24 o ¢

inc¢icates that fracture anerturns {n c*ys.alIine rock ‘=nd 0 be 109 nOrﬂa11y

¢istributed, I, 2as seems rnasonablnf' f‘ec.ive (conne :ed) por*si.y in

.he e

tha rozk {s frasture pcrosi y (and ‘he 'argevvaria‘ion 1n hydrau11~

cenductivities suggests that’ 1 1s).ith=n i is also re-sonable ta lSSuﬂe thas

the porcsity is Tog-normelly dis.ribu.-d, Sa"fCUla"1V 2s i° is canservaszive

s ¢9 53 whan comduting aW'T

ir sumary, 1t is considered < a"untilfmore ;es.s are per‘ormad, the mean

scrasity of a basalt flow top shou!d be’se. ._,.5:10'4 nhe nean vanun.
253umed by Rockwell (.x’O'Z) 1s 2 ‘ac ar cf alo highar .han .his me su*ﬂa

viluys, 3as2d on the adeve considnra“ions porosi./ v=lue sﬁd by Rockw=11 is

at i

(143

ast a tor of 5 <2 high, and 11ke1y 2 ‘ac‘or af 300 .ao high, bc‘ﬁ of

(e aman

whizh are uncon se*va:iv‘ wi.h respe" ‘c éﬂll'*v R
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£.2.2.6 Porosity of Flow :n:eriq:

ralate the nygrau11c .an‘u: 1v1"

.Han *he canduc‘ivi.y of

concdustivi grea.er,

Ty of the ‘Iow .:ps is abou 103

‘ .ransmissivi y bears 2 cubi*

This s &t

| Iow 1nte-1ors.
The Rockwail assumed value was,19f5‘

5.2.2.5 ?ath length

The path jength discﬁssiohfin“éhe‘rgpor:gis;con;idered'gﬁhrbﬁfié:é;“and aimics

tne discussion in the DSCA (NRC, 19
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bo'h;ho i.on.a and vo-'i'a .Lare probably

limited, The grad ‘61 s ne’su 1.
rea ponds..lns :nese
20-22, whish are the priﬂary ha.ei

:nsidered 2

major source of error in ;he eva?ua‘ion._vaIues‘of Zx.O" 2nd 0'3 for
norizonta’ and vers 1ca1 hydrauzic gracinn‘ se n reasanabia fo' the purpase at

hangd.

the review report. de have no. attera.ed ;o usei.he stc:ﬂes.ic anpraa*ﬁ used

in the repors, for lack o time» nd .res S 1de have. howaver, inc1uced 2

me2sure ¢ the unce'taiﬂ.y of .hevresults shas: 1s a resus. of e uncer.ain:;

of the parameters. [In addit fon. we have tried‘to 1ndic se where ‘he
stazhastic approach used by Ro-kweII wou1d have produced diffe*en‘ answers

than the simple chesk approach us&d he'e. and..he_inpac‘ on .ﬁe Gnut .ha:
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sim;ae a a'h. .he s 2 6¢.3%

provasitisy shet ¢h

1.000 ye

srosasiiity thast she 10 003

, tnd a 7'

travei time would be the ‘1avcr cf ﬁe*lim{t e he ac-e:.ab1e rang

Azserdingly, tne SW°

aﬂJa‘{on. shis'produ'ed rasu :ha* were 3135

simas higher, 28 noted above._dune new. naan'was corpu sd o be 3& 000 years,

an2 the standard deviation 'enains aa ac:or a‘ 6. z. The p-abab{li ty of

axzaecance of the 1,000 yaar liri'w{s,Q{.Q' ?ind ‘he sO 000 yﬂar tes 1s 7%,

csncuctivisy zones in ‘he svs" Bt or‘e*"o -3npu.e :he rosuit .Ha he use

Térf‘rfhermavlnga
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R IRl

Alﬂd 5‘5

- -4 o o
Tne vertical Ga.. denenzs an a ‘10w1 ‘ge o‘ heée, 1re layered Sys‘em.;;

Hawever, {f {t is assumed tnat ¢ : .ica1 hy‘raulic .andu::ivity 15 equal %o

zhe value for the dense interior,. and that s

pg gygdign; is all taken up in the

tow permeability 1ayers.: Hen"’
s Sy=sag g/ k.)
wnzre Yy = time for :ransi hrough laya*_ifi
Ly = :hickness, ~f¢v'
kK, = effective

= Sum(Li)./

i = hydraulic

The computed sransit ¢
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Thus the aapraxina.e s.anda _dav,a,"*

and the 8% ¢ iden e ranaavc‘ h hovizon ai ‘1ow .cp is

90 ycars.

(43 ]
( *

".nesekvaiue are {ﬁgignj‘i;ih.

years wheq cowparoé wi.h the

horizontal G T va1u=s.

5.2.3.3 Total Galv

The maximum tata) GwiT can be a—rived 3§y}§ddjb§_;bé&ygf:iég}“and horizontel

GwiT's, providing that one'beiieves

-

he e,al éﬁén.

1. The por:ion'c? dense ntericr for uhich c.

2ken s not wit in .ﬂe:"dis.urbed:zonef.fﬁi

2. The flow in the gene-ic orizontal’ ay°r:reesanably representsgl"

hori*on.al flow 1n any 1ay°r
3. The f1owydoes noi entgr;;5

i< is beyond the scope of :his review tcfpﬂrfo;a a moro de:aited analvsis :han
is presented here. howevar, i‘ one simp1is cally adds .he ve 1ca1 and

?is:a Gd" of about 1 1:7 years

horizontal ‘Iow in :he .wc Iayﬂ-s,x;ﬁefresul‘

for the best -s.ima e o‘ he averac' Gh; 25* years ‘or .he bes. es imase

he fastest path GWTT. .hese v'luﬂs appea'; to be bA.on .he 1 OOO year

(44

of

regulatory level for the assuﬂp.ions aade.
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6.0 SUMMARY AND RECOMMENDATIONS -

+ {5 sne canclusion of sals evaiuzi{on the: .ochas ca11y .ased te*hﬂi:ua

aspears to be 2ppropriate for .he'évzlua fon.of G un...‘ #hix‘ .hﬂ app* a'h used
5y Pockwell {s considered ¢ shou%d be psin:ed
sut that this 1s ns. an endorsenen of .ha‘ were

sarsicular use of the approach.‘

.n fact, the reviewers consider ¢
significantiy over-estimate the

would produce using the same analy‘icaifaaproac.; In o-der .o ‘llus.ra e .he

magnitude of the differences, checn ana1vses:'ave beﬂn pnr.ormed by .He

reviewers, with the foliowing resulss.

Table 1 = Results oferTT Eva1uations,'f

ROCK%:L
(Review Repor‘ T

ORGANIZATION: NJC ARHA‘SP* s

Uncorre:ted kjg>»arr°c sed

aroundwater Travei Times: ' o N Sl
norizontai 39, 000 yroo 0 1,057 yr 0 180 yr

Vertical 30,000y 10y oty
Total B 1eo ooo“yr_'““'”§;1,158:y' | zs'

Sxceedance Probabilis 1os-s‘ .
IO 000 y“a's ) Ie'~ . ~4.;A‘:;’j; '
1,000 years 97v.;;, S

*Hote: "Unsorrected" means ne31s .he mean ave+ige amis, COMOUSEd
using average parane.e's for entire Tlow pith segments.
"Uncorrected" nears .ne meaw‘shor:es: Gnll conpu:ed usiqc
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the fas:éé{'ﬁi‘"

Sases on these resulss, “"é“r?v1éwl___conside':‘ ‘shere 15 a high 1ike’incod

tnat tha 3Wi? site will fa{l the ..000 yea~ travel-time rule, based on cur-en:

;‘o hn no'kwell ava1ua‘1cn.

sa%a, his is direstly -an:radic.ory

Aczordingly, it is the racawmenda‘ia 0

conside~ ¢irecting DOZ to show .ause;why he RR.JC he Ranfcrd SitA shouId

nct be aisgualified, based cn r»asanab1ﬂ 1n erpre:a.ions of .he availab1e date
and she 10 CFR Par+ 963 recyirement :ha: :he Denar.ﬂnn‘ has set for a1l iss

pctential repository sitss. erna.ivel

_DO- shou]d cansider pronp.?y
byilding their case for a varian e frcm ha‘NR s 10 R Par‘ 60 per‘onnan

0sjective for pre-enplaﬂen—n. ground travel ‘1n= and sh0u1d presen that

n

case ¢o the Commission in 2 ~ine‘ly manner. .

* Terra.Therma Inc |
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Pacioactive wWasse ManaQAﬂen ‘ De:embe' .u,.f*

16e3, Drafs Sise Charace eri-a‘icn Ana?vsis o‘ the Si.. Characterization

Reders for the Sasait Waste ssoia‘ion Pro*ec‘f;NUR:a-0°60. U S. Nu'iear

Regulatoraiory Commissioﬁ,’dff Nuclear Ma e-ials and Sa guards.

Marzh.

19085, NRC Comments on D02 D'a‘: -1v"anmeﬂ‘a1 nssess*aﬂ° ‘or the Hanfard
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s
£GULATORY COM: MISSION .

NUCLEARF

- .5~-31&5
Mp, Mark ¢, .ocsccﬂ. ?rsiec' Vaﬂa' -
NuCle’r Wasse <onsulesnes :

E32! So, Sancre de Sriste Road
Suéze £

Afser deta‘led exaq.nat(on of ycur rﬂvfew 0f.; "Graurdwate-,xravel nime Analvs s
for the Pe“erence Repository Locasion atithe Hanford Sise™ .(SD-3W!-T1-303) and
our subsequens meesing with you on Navemberi7. ‘1886, <he NRC staff disagrees
with your pesition that the pre-weste emplicement grouncwaser travel time a‘
the Hanford site probably does not meet the’ 1000-year groundwater travel ¢
crizerion tased on your analysis using existing information. - As summari.ed 1n
.he enciosed memorandum to Paul Hildenbrand dated Ocsober 28, 1986 ('nc1osure
1), and discussed in the Nevemder 7 meeting {ses Enciosure ;I). the NRC s%af
canside's that current uncer ainties are tco large to assign high levels of
fidence to any estimates of groundwater travel ¢ime 22 the Hanford sise.

.he staff's ccnc%usion recogni'es the; large amount of uncerszinty essocias ed
with the hvdrogeclogic data base,: concep tualigroundwaser flow me de?s. and
grouncwater ¢ravel time ana1yses for: the Han‘ord’si 74;;;v,-v
As agreed in the November 7 mees 1ng, ple se,provide .he HRC wi.h (l) 2 detaile*
cascr:::icn 0¥ the assumptions you rade 4n your caleulasion of groundwa

travel times for the Hanford site, {2) an assessment of the unz ain*ies
associated wizh your calculated ¢roundwaster travel $imes, and (3) n
evaluation cf the sufficfency of the data base used for caiculeting groundweser
trave] times in SS-2WI-T1-203 and your., anaiysfs.‘-l reques‘ that vou ressond
tc me in writing on or before- De'ember 1:, 1586, This effort should require
no more than cne st3ff week of efford.  If you: concIude that additional effare
is necessary 0 res,ond o ¢his’ re'ues‘ fpieasevcan‘ * me immedia.elj t2
discuss this master further, . . LI el

The ac+fon <aken by this letter ¢s ccnsidered bo‘bé wi‘hin:‘hé sdéue o‘ the
current centract NRC-C2-85-008, This lesser does nc‘ 2uthorize chanaes t9 the




?lease ccriacs me

fvery of consracted gervizes cr nfoduc‘s -
t0 gast or -

vou be;ieva tnig tester wcu:d 'eSu}
:ar:- te¢ produses., )

“e“reyﬁAtrroh1e, Pr.je Officer .
Geos echn{cal ﬂranch

tsle, ALS

e

et e ———

-




