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TRIP REPORT

and Seminar by Prof Shlomo
Repository Assessment Models

RATE AND FLACE.
PRESENT

KCROUND, PURPCSE, AND SUMMARY OF MEETINC

is o day meeting was held at the White Flint Building offices of NRC,
‘ovember 9, 1990, The NRC contact was Thomas J. Nicholson (Office of Research)
Praof. Shlomo P. Neuman (Department of Hydrology, University of Arizona, Tucsen

vited to expose h \ on the "Validation of Repository Assessment

and the Role of Res ch previously submitted to NRC in the form of a

dated July 35 990. This draft essay was prepared in the wake of the

conference. The meeting was lively and vell attended, by NRC management

RES starf. Cerry Stirewalt and I represented the Center. Ir particular
Sagar had delegated me to speak for the Center's performance assessment

The following (s a summary of the exchange of ideas that went on at the meeting
stinguished three broad

assembled from scattered notes. For convenience, I have di
topics 1) Groundwater travel time rule; (2) Model validation and performance
essessment; and (3) Prof. Neuman's research \ addition, 1 am attaching the
following documents: (1) a copy of Prof. Neuman's viewgraphs and of his draft
essay; (2) a copy of an article distributed to me at the meeting ("The Yucca
Er

wiren. Seci

LR

Mountain project: Another perspective”, by Isaac J Winograd

Technol., Vol. 24, No. 9, 1990)
SUMMARY OF PERTINENT POINTS
Groundwater travel time rule

Neuman raised the i{ss: of importance of concentrated releage
imans as opposed ) th . mass at some arbitrary compliance




NRC management expressed the need for (new) guidance regarding the groundwater
travel time (CWTT) rule, without changing the rule itself. 1 noted that the
Center {s working on this, and that some of the options considersd by the Center
would require addltional definitions but not a change of the rule per se. I also
expressed my (personal) view on the proper interpretation of CWTT: a first step
would be to recognize that CUTT (s necessarily a sca’e-dependent quantity, with
respect to the scale of averaging involved {n calculating (measuring or modeling)
groundwater velocitles; & second step would then be for researchers to provide
guldance concerning the magnitude of the scale of averaging and how {t should be
taken into account to prove compliance. (Example of problems that will be
involved in selecting the proper scale of averaging: the scale of the domain
within compliance boundaries is much larger than fracture apertures).

Prof. Neuman emphasized the fact that research on dispersion is research on GWTT
distribution, since the two are directly related (ses below, see also attached
copy of Prof. Neuman viewgraphs).

NRC management asked whethe: the CWTT travel time was too constraining in terms
of the daca collection effort that would normally be required to prove
compliance. This question was apparently prompted by the conclusions of the
National Academy of Science in their recent report on the “OE/NRC handling of the
Yucca Mountain project. Another question was whether there was any "technical®
problem in the fact that NRC and DOE were using the same test site (at Appache
Leap [ think). Prof. Neuman's answer to the latter question was essentially that
there should not be a problem (on “e contrary) as iong as the NRC and DOE
researches proceed independently.

2. Model Validation and Performance Assessment

Discussions on Model Validation (MODVAL) and Performance Assessment (PA) Look a
philosophical turn towards the end of the day. Several {ndividuals participated
extensively to the discussion. Each point of view was different, but some of the
differences boiled down to emphasizing different aspects of the same problem.
What follows is a brief, possibly blased account of sume of the perceived
differences of opinion regarding MODVAL.

For instance, Norm emphasized the difference, in his view iundamental, between
model and theory. He concluded that less effort and/or precision is required for
model velidation (performance assessment), than for theory validation (research).

Shlomo emphasized the fact that model validation can never be completely achieved
since validation procedures cannot cake into account uneuspected/unknown
processes. Thersfore, the best that can be done {8 to further basic research in
order to uncover the most we can about unknown phenomena. The public should be
made aware of such (basic sclence) uncertainties, of the amount of effort spent
in resolving them, and of what has been achieved {n that regard.

Dick affirmed his belief that a lot can be accomplished in a simple way through
simplified models and binding, conservative calculations. This was challenged on
the grounds that we will never know whether our calculations are binding or not
Lf the simplified model (s too far off, however conservative we try to make it
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t ised on the . logical incompatibility that exists betweer alidatior” and
rerutation”™. Assume for instance that A is a model (e.g. transport mad,

ilar nanifestation of (¢t e ¥ the actual occurrence of breakthi

- x
1 pliance ndary at time het given that A = B and B {8 true at
w € {f I e § ¢ € ailldat Not a raing ¢ standard log al
tere € é er wie AN E£a S ¥ et nat - £ f B § found s
¢ er must be se (refuta lom {ndicated that most INTRAV! estg
ate ave ee resented {n such a wa as ¢t a 4 the appeara e I t o
poOss t f mcdel refutation. The psychological reasons of this seem obvi
> iJkpested a ara £ argument witkl respect nypothesis est v
! ! al e § n the area of radayr detectior the f 1S has been on Type
" r (proba t f a miss) rather than Type Il error (probabilit f a false
alarm in model validation for geolegic repository however if the nuli
pothesis (s defined as "The model is valid", 6 then the Type Il evr>or ("false
iiarm” == "agdopt invalid model") seems more critl-al than the Type 1 error
Ymiua® = ‘¥atect vati dal®

alid model someone who disagreed suggested that to reject

a vallid model may be as tragic as to adopt a wrong cne if only one model is

anr 40 justice Co the many other thoughts that were expressed on PA and
MODVAL during the nmeeting ("1l just add that some practical aspects, e 4

robabilistic model validation procedures such as hypothesis testing and che
ike, were discussed in some detall, mostly in reference to . "PAVAL work

Prof. Neuman's Ressearch

. Neuman spent most of the morning explaining some of his recent and current
h work in hydrogeology (see attached copy of his viewgraphs ne of his

irposes was apparently to make the case for his (and other) research using
atistical continuum approaches for studying the flow and transport behavior of

O POULTIR L

fractured rock tormations. Another purpose of his talk was, clearly, to point t
that vresearch on contaminant dispersion (s directly relevant to WIT
ilstributions and, hence, to NRC regulation
£ Neuman started by presenting his previous work on the i{n-sit
’

I it
haracterization and interpretation saturated flow tests in the fractured
S

granitic formation at the Oracle site near Tucson, Arizona. This work was funded

. Key question s are fractured media essentially different

®
'

porous media? Illustration with slide show (fracture outcrops




CONCLUSIONS:

borehole, and (i{i) packer test conductivity distribution at sime
borehole. Data from both the Cracle site (Arizona) and the Stripa
site (Sweden) lead to this conclusion.

Prof. Neretnieks mapped outflow along a drift at Scripa site, as
part of INTRAVAL work. Concluded that fracture flow ceccurs as
channel flow rather than sheet flow. Poor correlation be.veen flow
rate and fracture outirop lengths along the drift. Better
correlation between flow rate and number of fracture intersections,
which carry most of the flow rate apparently.

Development of proof that COWTT PDF {s directly related to
mean-square displacement, or equivalently to the
diffusion-dispersion coefficient D. [Note: this seems perfectly
obvious intuitively; in fact, this {s true for non-probalistic as
well as probabilistic interpretations of travel time "distribution®
and "dispersion"; simple examples can easily be constructed, e.g.
with just two tracer particles).

Using a simple example with just one tracer particle, Prof. Neuman
shows that the coefficient of variation (CV) of total cumulsted mass
released at compliance boundary i{s maximal at early times ({.e.
before breakthrough of center of mass of the plume). [Note: I
observed that the CV gives a relative, dimensionless measure of
uncertainty; using Prof. Neuman's simple example, it can be seen
that the maximum uncertainty in terms of the standard deviation
(units of mass) {s in fact attained much later, at the time of
breakthrough of the center of mass of the plume).

In transport modeling, calibration with additicnal measurements
leads to decreased variances and dispersivities. The effect is to
transfer information from “sie dispersive to advective terms. [Note:
this type of transfer of (nformation haz been recognized and
formalized in several ways; there is a broad consensus on this,
although the most practical methods to i{ntegrate this into classical
models are still being researched].

This was an informative meeting on performance assessment and research for
geosphere flow and transport, with a good balance between the managerial and
technical/sclencific points of views Much of the debates that took place at this
meeting were directly relevant to the Center activities in both the Performance
Assessment and Geclogic Secting areas.

PROBLEMS ENCOUNTERED:

None



PENDING ACTIONS:
None
RECOMMENDATIONS :

Attendance at such meetings plays an important role in publicizing NRC and CNWRA
research efforts as well as obtaining up to date information on recent progress
in key areas of research. It {s recommended that such communication channels be
kept open in the future, notably through research presentations by CNWRA staffl
at scientific conferences and workshops.
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Date

REFERENCES :
None

CONCURRENCE SICNATURE AND DATE:

MM ?Wum Der. 3, 1990

Date

LIST OF ATTACHED DOCUMENTS:

(1) Copy of Prof. Neuman's viewgraphs and of his draft essay on
"Vallidation of Repositoiy Assessment Models and the Role of
Research".

(2) Copy of an article distributed to me at the meeting: "The Yucca

Mountain project: Another perspective", by Isaac J. Winograd,
Environ. Sci. Technol., Vol. 24, No. 9, 1990,

LIST OF ACRONYMS AND ABBREVIATIONS:

sCenter: Center for Nuclear Waste Regulatory Analyses
*DOE: Department of Energy
*CWTIT. Groundwater Travel Time

¢ INTRAVAL: International INTRAVAL Project (Validation of Geosphere Transport
Models for Performance Assessment of Nuclear Waste Disposal)
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The Yucca Mountain project:

Another perspective

By Isaac J Winograd

The recent commentary in your pages
by Charies R. Malone (/) on the Yucca
Mountain project deserves a response
because the issues he raises go beyond
Yucca Mountain to a host of presen: and
future environmental conflicts. [Yucca
Mountain in Nevada 18 the site chosen
by the U.S. Department of Energy for
exploration as & potential repository for
high-level nuclear waste.| Malone is ap-
propriately concerned about whether we
can have ''reasonable assurances that
future geclogic and hydrologic changes
at the site will not result in transport of
racdionuclides to the accessibie environ-
ment during the first 10,000 years fol-
lowing closure of the repository'’
(p. 1452). He views the "'lack of vali-
dated models for predicting geologic
and hydroiogic processes over 10,000
years'' as a major liabuity of the Yucca
Mountain site. His bottom line is that
“'the limits of envircnmental science
have been exceeded by the goals set for
the nation’'s radioactive waste disposal
program,’’ and therefore he argues that
"'the debatz over national policy for
dealing with high-level nuclear wastes
be reopenec and that altematives (0 the
present course of action receive further
considerauion.

Malone's analysis of the Yucca
Mountain endeavor is pertinent and
thoughriul, but it 15 incomplete in sever-
| unportant respects. First, he categon-
cally assumes that if a geologic environ-
ment 1s too complex to mode! exactly it
is inherently unsuitable for waste em-
placement. Second, he fails to mention

that the alternatives (0 geologic disposal
(at Yucca Mountain or elsewhere) are
also fraught with major uncertainties
And third, he fails (0 inform readers
that, uniike other geologic disposal sites
considered thus far, disposal at Yucca
Mountain is fully retnevable and could
be reliably monitored. [ will consider
these matters in tum,

Of) ) t

or lower lumits for radio-

pointed out elsewhere (), such_mog-
el il for pui re.
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gave Tor this because
Malone and | are in agreement on this
matier “’ i i€ 4O N0

ough 1t 1S a matter of debate
Ow such judgments can be used in the
licensing proces: (2-5). In any event,
the folly of relying too heavily on

ance on numerical anaiysis—-at the ex.

pense of W-
that directly led to the falure of this

Ermvron. 82 Technol, Vol 24 No. §. 1990 1291




dam. | am concerned hal u\fm‘
phasis O " at Yucca Mountain

may T resull in the oppotite situation

namely. the W of what
inay prove 1o an otherwise accept
able. though not periect, site for hugh-
level radioactive wasie (HLW). Selec.
son or rejection of 8 dam Or (OXIC wasie
disposal site must rest on technical judg:
ment. not solely on the avalabulity of
validated models
w 0
ment”? Such judgment begins with the
- —————
recognition that the problem of HLW
disposal (or for thai maner. perpetudl
surface storage of such wasies) 15, &$

aptly phrased by Weinberg (7). = Eﬁ
z. “, M mn‘m

echnical JUCg
mathematical models can be no betier
than the conceptual model guiding field
observations. hence, It COSOMAAR KIS
' ~ ]

s Technical judgment would fa-

vor selection of a disposal or storage sile

that provides QA RIEED 19 radio-
nuclide transport—even il these barmers
are only qualitatvely establishedg—ovet

s site with a single, though quantiauve-
ly established. barmer 10 nuchide migra-

Hrelly, technical |
eted and does not rely on a single meth-
odology. that is, modeling, but rather re-
sults from a blending of qualitative and
quantitative approaches with weights
expenence deems appropnate.

rechaic

son such judgment also ‘equires an nte-
gration of multidecade monutonng into
project design, a¢ pursuasively argued
by D'Appolonia (8)

a1 -sale, or requncant contain
ment. and retnevability, are sumilar log-
ical extensions of the admission of
uncertainies

Malone correctly focused on the well-
known limits of the environmental s<i-
ences but, unfortunately failed to men-
tion that the aliernatives 10 geologic
disposal or storage of HLW also are
fraught with major uncertainties that
also are not amenable (o predicuion by
models L O .

alagic di

ice sheeis, vunal in deep-sea 001€3
shooting of the wasies into space, and

1292 Emaron. S Technal Vol 24 No § 1980

dry above ground storgge in concreie
casks The State of Nevada Agency for
Nuclear Projects/Nuclear Wasie Project
Office recommends dry cask slorage al
reactor sites for up to 100 years, dunng
which time. they argue, a supenar dis-
posal scheme migh! hecome avaulable
19) Altematively, the wastes could be
shipped 10 one of two national Moni-
tored Retnevable Storage (MRS) facili-
nes for indefinite holding But even
these two seemingly simpie surface:
based cxpedients are not free of nsks
For example, are the prodbabdilites and
consequences of operalor €rron of van-
dalism, of sabotage, or of an arcraft
crashing (nto spent fuei storage weas &
jacent to cities acceptable? Why was
geologic disposal of HLW initially pro-
posed over three decades ago” It was, of
course, an atempt to preciude (or &
least minimize) accidental, or muschie-
vous. contact of humans and animals

= Finally

with HLW now and in the future
Malone fails to wnform his

readers that,

Indeed, a3 has
heen mentl repeatedly in the liters-
ture (/0=/3). one of the principal advan-
tages of solid wasie disposal in thick un-
saturated zones in and of semiand
ierrain 1s ease of retneval. HLW em-
placement in the th.ck unsaturated zone
al Yucca Mountain is, in reality, pro-
tracted storage in deep tunnels, rather
than irretnevable disposal. it has, in fact,
heen viewed by Luther J. Carter (/4) w8
a shallow subsurface MRS facility
(Study of the need for such a facility on
the surface is required by the Nuciear
Waste Policy Amendments Act of
1987 ) Moreover, because the wasie em-
placement is In the fully accessible un-
salurated zone, current estimates of
groundwater recharge, reposilory lem-
peratures, natural au convection, and $0
forth, can be checked repeatedly by di-
rect monitonng for as raany decades and
perhaps centunes &3 13 deemed neces-
sary. Indeed, the unsaturated zone readi-
ly lends iself 1o the highly conservative
geotechnical philosophy of “'monitored
decisions by D'Appolonia
(8) for engineenng decisions under un-
certainty

Technical judgment notwithstanding,
let us be frank. There 13 unlikely to be &
perfect site or disposal method for HLW
or. for that maner, for each and every
\ndustnal toxic waste. We will have 10
select the best from an imperfect set of
solutions. As of June 990, Yucca
Mountain appears (o be a site deserving

Wish nexl 1o bnefly state one of my
own major concerns regarding the Yuc
ca Mountain project. It is my STOng im-
pression—<hough adminedy that of an
interested observer rather than pasuci
pant—ha! iGN 2L N

. .Yi.‘igf.‘- N AOLS

following resolution of current liliga-
ton—| suggest & & 10 & year moruon:
um on, or at the least a significant
reduction (n, such paperwork 10 permil
scientists and engineers to efficiently
obtain data from underground workings
50 s 10 reach an informed and marure
judgment about this sue If the sute sull
appears technically suitable after such
ntensive study, then pertinent Quality
assurance (see below) can be performed
on key matters requinng replication.
Dunn;mep:med&\otrywum-
tonum on ' paperwork’’ it would also
he extremely helpful {

one commit-
tees, the following important questions,
all of which go beyond Yucca Mountain
10 the endless environmental contesta-
tons now facing us and certain to multi-
ply in the next several decades
« What shall consutute Il in
complex environmental 135Uey--30mie
perhaps ransscientific—involving the
sarth, chemical, and biological sci-
ences. and how shall it be armved *1?

+ What constiruies n%mm-
\n environmental endeavors

nvolving these sciences’

+ How can the public best be informed
that sclence QL enguneenng
can provide GAILdE \n ceruun envi:
ronmental matters such as HLW dis-
posal”

The excelient paper by AM. Weun-
berg (7 sets the stage for discussion of
these critical questions and geserves
careful study and discussion by all sci-
entists, engineers, regulators, lawyers,
poliucians, and lay peoyle involved in
environmental disputanons.

n summary, technical judgment—
including awareness of vast archaeolog-
ical and paleoecological records of deli-
cate objects preserved for millenia in
thick unsaturated zones in and and
semiand terrain (5. /3, [6)—suggests
that Yucca Mountain, though not prob-
lem free, is & site worthy at least of fur-
ther study by means of underground
workings. Let us not yet reum 10 square




E'»en "f ',qg. n gﬁ‘m;‘ On
other hand, I we intend (0 &t 10 some
environmental marters, then it seems we
have no choice bt o apply W
udgment construned by the integrat)

of multidecadal monitonng nto project
design (5
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PRESENTATION TO NRC
by S.P. Neuman
November 9, 1990

CONTENTS
I. Some questions regarding
a. Relationship between NRC regulations and EPA standards
b. Implications of NRC regulations with respect to site
characterization and safety assessment
2. Some lessons about the characterization of fractured rock properties
relevant to groundwater flow and transport in both saturated and
ansaturated media (experimental, mainly 35 mm slides)
3. Relation between travel time and dispersion in random groundwater
velocity fields (theory)
4. I[mplications of scale effect (theory validation)
5. Validation of safety assessment models and the role of research
a. Introduction
b. The role of positive evidence in validation
¢. Near-field versus far-field mode! validation
and the concept of robustness
d. Performance assessment of engineered versus
natural repository system components
e. Role of geosphere flow and transport research in validation

6. QOpen discussion



' FPA Standards According to
- WORKING DRAFT 2 OF 40 CFR Part 191, 1-31-90

191.:3 Containmeai Requirements: /», Disposal systems for spent
nuclear fuel or high-level or transuranic radioactive wastes shall be
decizned to provide a reasonable expectation, based upon performance
assessments, that the cumulative releases of radionuclides to the accessi-
ble eavironment for 10,000 years after dispcsal from all significant
processes ana events that may affect the disposal sysiem shall: (1) have
a [ikelobood of less than one chance in 10 of exceeding the quantities
calculated according to Table ] (Appendix B' [Release Limit per 1,000
MTHM ar other unit of waste] ; and (2) have a likelihood of less than
one chaace in 1,000 of exceeding ten times the quantities calculated
accarding to Table ] (Appendix B). B

"Performance assessment™ means an analysis that: (1) identifies the
processes and events that might affect the disposal system: (2) examines
the effects of these processes and events on the performance of the dispo-
sal system; and (3) estimares the cumulative releases of radionuclides con-
sidertug the associated uncertainties, caused by all significant processes
and events. These estimates shall be incorporated into AN OVERALL
PROBASBILITY DISTRIBUTION OF CUMULATIVE KSLEASE 1o
the extent practicable.



EPA is also considering opuons for INDIVIDUAL AND GROUND.
WATER PROTECTION REQUIREMENTS such as

.~

I21.5 ... 0 provide a reasonable expectation that for X [1,000 or

y vV " ) 5 M "\‘ 4 & 1% 1™ M 11 ‘,’ » L R ’
10,00] years after disposal, undisturbed performance

of the disposal
svstem shall n9t cause the avual commited effective dose €quivalenr due
to all potential pathways from the disposal system 10 any member of the
public in the accessible environment o exceed Y [25 or 10] millirems
These pathwavs shall include the assumprion that individuals consume 2

o

liters per day of drinking water from any high-yield agquifer outside of

the catrolled area.

[95.16 (a) ... to provide a reasonable expectation that. for X years after
dispaaal, undisturbed performance of the disposal system shall nor cause:
(1) any incre=-e in the levels of radioactivity in any portion of a special

source of ground water ete.

"Committed effective dose equivalent” means the total dose equiva-
lent received over a lifetime by an individual following an intake of

radionuclides into the body, multiplied by appropriate weighting factors

e .




| ¢ 10 CFR Ch.1, 1-1-90 Edition

60.113(a)(2) ... The geologic repository shall be located so that
prewste-emplacement’ groundwater travel time aiong the fastest path
of likely radionuclide travel from the disturbed zone to the accessible
environment shall be ar /east 1,000 years or such other travel time as

may be approved or specified by the Commission.

60.122/b)Favorable conditions(7) Pre-waste-emplacement groundwater
‘travel time along the fastest path of likely radionuclide travel from the
disturbed zone 10 the accessible environment that substantially exceeds
1,000 years.

How does this travel time relate to measurable site ¢.aracteristics and to
EPA Srandards’

60.102(e}(2) ... The engineered barrier system works to control the rel-
ease of radioactive material to the geologic setting and the geologic set-
ting works to control the release ... to the accessible environment,
Isolation means inhibiting the transpoii of radioactive material so that
a@mounts and concentrations of the materials eatering the accessible
environment will be kept within prescribed limits.

'

How precisely do these amounts and concentrations relate to travel time,

measv w'e characteristics of the geology, and EPA standards?



60.21(c) The Safety Analysis Report shall include: ... (DGINC) An eva-
luation of ... performance ... giving the rates and gquantities of rel-
eases of radionuciides to the accessible environment os a function o/

time.

In what relation 1o EPA standards? This evidently requires reliance on
models of time-dependent transport. The laiter must further be vali-

dated.

60.21(c)(I)(il) The assessment shall contain: (F) An explanation of
measures used 10 support the medels used to perform the assessments

required in paragraphs (A) through (D). Analyses and models that

will be used 1o predict future conditions and changes in the geologic

seting shall be supported by using an appropriate combination of
such methods as field tests, in situ tests, laboratory tests which are
representative of field conditions, and natural analog studies.
60.101(a)(2) ... For ... long-tarm objectives and criteria. what is
required is reasonable assurance making allowance for ... uncertainties
involved, that the outcome will be in conformance with those ohjec-
tves and criteria. Demcastration of compliance with such objectives
aud criteria will involve the use of data from accelerated tests and
predictive medels that are supported by such measures as field and

laboratory tests, monitoring data and natural analog studies.




Wlut.m:r be measured in the field and/or laboratory, how and on what
scale(s) in space-time, 10 allow the QUANTITATIVE ESTIMATION of
travel time along the Jastest path, amounts and concentrations entering
the accessible environment, and rates and quantities of releases 1o the
accessible environment as a function of time, as well as the associated
stimation uncertain'y, once release rates from the engineered repository

have been specified’?

In what precise way is such quantitative estimation aided by "detailed in-
formation” of the kind required in 60.21(c)(1)(i), particularly (A) The
orientation, distribution, aperture, in-filling and origin of fractures, dis-
continuities, and heterogeneities; (B) The presence and characteristics of
other potential pathways such as solution features, breccia pipes, or
other potentially permeable features? How, in what quantity, and on what

scale(s) need :such information be collected?

What "hydrogeologic properties and conditions" [60.21(c)(1)(i)(D)] must
be determined, how, in what quantity, and on what space-time scale(s) to
make such quantitative estimation possible’

To what extent, if any, can models and analyses which attempt to make
such quartitative estimates be validated? What is the meaning and impor-
tance of this term? What validation strategy, if any, showld the NRC
adopt?
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Figure 4.10 Contour of Apertures (Section 1)
(Contour interval = 0.2 mm)
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Figure 4.11 Contour of Apertures (Section 2)
(Contour interval = 0.4 mm)
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Figure 4.12 Contour of Apertures (Section 3)

(Contour interval = 0.4 mm)



Table 5.5

Estinmation of Drift and Model Parametars
(Pure Nugget Model)

Prift Paramstears (1)

1
‘ - o -

Data GLSK bo bl b2
Set iItlr (2)

A A > - -

AP (3) *(4)

0782 0.003851 0.00120
0782 0.002851 0.00120
AP

238 0.0154 -0.00651
0.229% 0.01%4 -0.00651

0.0869 0.00541 0.00161
0.086% | 0.00841 0.00161

. Coafficients of polynomial ¥

. Geaneralized lLeast-Squares Ragression Itaration
« Aperturas calculated for section 1

« Model fit by eye
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Table 5.2

K-8 Goodness of Fi. Test

Dats K-§ i=Talled Reject Ho (2)
Set ¢ (1) Probability (&=0.08)
LAP 2.008 0.001 lYOl
AP 2.344 0.000 Yes
IAP J.081 0.000 Yes
18K 6.282 0.000 Yes

1. Kolmogorov-Smirnev Z value.

2. The null hypothesis is that the data
are from a normal distributien.
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RELATIONSHIP BETWEEN TRAVEL TIME AND DISPERSION
IN RANDOM GROUNDWATER VELOCITY FIELDS

Consider the ranuom Eulerian velocity field
u(x,t) = U(x,t) + u'(x,1)
such that
<u(x,t)> = Ensemble mean velocity = U(x.t)

<u'(x,t)> = Ensemble mean velocity fluctuation = 0.

(_X_« )to> \/
“RELEASE \

Po N N
e INT ~ L

Cx ¢)

=2

Coy'rﬂo(, VOLU"?E / ENVIROENMENT

&
o/

Let S be a Control or Compliance Surjace enclosing the Repository Con-
trol Volume V from the Accessible Environment E. Following G.l.
Taylor's [1921] theory of comtinuous motions, consider an indivisible
solute "particle" of mass M, released from the repository to the host
rock at point x and time t, then traveling along a random trajectory to
cross S into E at point Xg following a Travel or Residence Time 1. We
assume for simplicity, and without a ioss of generality, that

I. All streamlines emanating from repository intercept S:

2. Randomness stems from spatial variability of adveactive velocity field

and associated estimation errors.




Foliowing Dagan [1987, 1989) we write
Total particle displacement
= Advective displacement + Brownian Displaceraent
X‘ - X 4 XB (4)
where the Brownian component accounts for classical (local) Fickian
dispersion. The displacement covariance of each component is
Qe <X « X)X = <X>)> for advection (3)
QB w 2dt d = Jocal dispersion tensor. (6)

Assuming for simplicity A constant water content 8, the ensemble mean

concertration due 1o this particle is

: M
2 A(x-)(l» - -G-f f(x:t,y, 1)

f{Xl‘.t.x.tﬂ) = pdf of Xt. evaluated at X!
Define the effective dispersion tensor

dQ(t- !o) {0 (1
Dt-t) = 4 —gr—t wd + 4 “j-awn“l o (9)

which depends on travel (residence) time. Then if the displacements
are Gaussian, or otherwise to a leading-order of approximation, f as
well as <c> can be shown to satisfy the psewdo-Fickian advection-
dispersion equation

3";’ + U:V<e> = 9:D(t-t) V<o, (10)
The nature of D(t-t) has been investigated based on a linear approxi-
mation by Dagan [1984, 1987, 1989), and based on a higher-order qua-

silinear approach by Neuman and Zhang [1989) and Zhang and
Neumsa [1989),




Following Dagan [1989], we define
G(r:S.x,t) = the cumulative probability that a particle released from the
repository location x at time t, crosses the compliance surface S into the

accessible eavironment E during any time t, <t S r. The i

GrSx,t) =1 = Jvf(x;r.x.tv) dx. (11)
By virtue of (7), this can be written as
<Mc (1x, 1)>
GiriSat) = 1 - g Jv«(x;f.x.u» dx = Sh;f s (12)

<Ms(r;x,t.)> = mean (!) mass having reached :he accessible
environment E during t, <t £ 1.

Since the 2nd moment @ of { depends on D by virtue of (9), or equi-
valeatly <c> depends on D by virtue of (10), we have established a
clear and unequivocal relationship between thc‘ éumuiative proba-
bility G of the (random) travei time r, as well as the ‘nean cumula-
tive release to the accessible environment, <MS (x,t)>, and the
effective dispersion tensor D!

<¢> is only an estimate of the real concentration ¢, and <MS> is only an
estimare of the real cumulative release MS‘ By virtue of (12), our abil-
ity @ estimate MS depends on our ability to estimate the integral
of c over V. We will see later [Neuman, 1990a,b] that the estimation
error, or unceriginty in ¢ and/or “S' are closely related to the
maguitude of D, which in turn depends on the uncertainty associ-
ated with site-characterization of the advective velocity field. The
more pooriy is this field characterized, the larger are D and the

resulting uncertainties in ¢ and/or MS'

A SN \/
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Let g(r:S.x,t) = pdf ¢! a particle released from the repository location y
e 2=a 1y Crossing the compliance surface S into the accessible environment

E duringtrStSr+¢ &  Then from (11)
(
(rSx.t) = = | & dx (13)
8(r:S,x,t J\m

or equivalently from (12)

. M P A\1 <J '>
& \ 6 0<C(X 11X, L)> o 9 Mg S
g(r,S.x.lo) . e RT; JV = dx m; 3 - —Kn— (4

<J9 (:x,l)> = mean (') mass flow rate into the accessible
environment E at time ».
Like <MS>, the mean mass flow rate <JS> depends on f and/or <c>

w] hence on D.

The mean mass flow rate into F at time », due to '*: release of mass

dMi(x) = 6c(x)dx at time t, from each point x within a repository
volume V,, is

~

<Jo (Vo> = | 66(08(r:S.x. 1) dx. (15)
S Jv:

Far a continuous release at the mass rate Q(x,t) = &M(x, 1) /81, the mean

mass flow rate into E is

rf
<Jg (Vo> = 1J QX t)8(rS,x, to) dx dt. (16)
JoV,
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Returning to the single particle of mass M,, assume that G is known

and d = 0 (negligible local dispersion). Then the pdf of MS 1s bimodal,

with probability G that MS « M, (particle is in E) and probabihty (1 « ~—
G) that Mg = 0 (particle is in V) A AE ALY

¢

(Mg) = (1 - GIsMg) + GeM - M. & [ £(1 <l7>‘ ”,,’f“‘”'

From (12), the mean of MS 18
(\\15 , = A\1OG-
The vaciance is

Var(Mg) = <(Mg - <Mg>)% = <(Mg = MG)>
o0

- J (MS - McG)‘f{MS) dMﬁ

=)

S

= (MGl - G) + M, - MG)G = Mg (1 « G)" (19)

and the coefficient of variation

_ \ *’S»{%WM“';' '®.
ATl Y (?’( ZUV\.«L“ /«A:
j‘artﬂsi - . f"“ :U
i <MS> i G« acd b 20)

~

C\’(MS) -

It follow~ that at early time, when <MS> and G .re small, CV(MS) s
very large and thus the uncertainty :oout he particle's release to
the accessible environment is very large. This unceriainty is com-
pounded by the uncertainty about G itself: As implied by (11) -
(1), to evaluate G one must be able to evaluate the integral of f or
<> over the control volume V. As was already made clear. this

cannot be accomplished without a knowledge of D.




Uniform Mean Flow in Semi-infinite Stationary Medium: If one
takes the mean flow to take place uniformly (for simplicity, or lack of
data to justify doing’otherwise) in a semi-infinite medium toward a
planar compliance surface £, located a distance L from the repository

release point x, and the displacement process Xt 10 be stationary, one

| can rewrite (11; as \y’ |S
=
(z,1,)
e 3 s~ >/\l
e
L
X, =/ + %,
Gr=tgL-y,) » | = J [ J (X =X10 Xa=Xs, X3=Xsi7~%) dXx, dx, dx,
-0 =00 ~00
L
-] - J f(X,=x,i7-t) dx, (21)
-0

[i(x\=x,ir=t) = 1-D marginal pdf of particle displacement
= probability that particle released at y, at t,
1s within the strip x, and x, + dx, at time -,
If Xt s Gaussian, or otherwise to leading order of approximation, f,

satisfies the pseudo-Fickian aavection-dispersion equaion

f o, &, d
7 * Uzt = DLt gzr (22)

2 that computation of the travel time cpf G depends only on longi-

tudina dispersion, not on transverse dispersion.




Uncertainty of Concentration ¢ [Neuman, 1990b]; Express the
actual concentration ¢ as
“e(x,1) = <e(x,1)> + ¢'(x,1) (23)
<c(x,t)> = unbiased esrimare of c(x,t)
¢'(x,t) = zero-mean estimation error.
Then, for t, = 0 and a space-time stationary velocity field u(x,t) with
<u(x,t)> = ) = uniform and constant in time,

the covariance of the estimation error between two points y and x is
T

<c'(y, )c’(x,t)> = ¥ <y, t)> Qlt) v<o(x,t)> (24)
Qg.gn - 2D(1) (25)

t
D(t) = JA(\) dx (26)

0

A(t) = Lagrangian covariance (mean over random particle trajectories)
of velocity fluctuations u'(x,t) about their constant mean U.
If, instead of assuming stationarity, we set
<u(x,t)> = U(x,t) = unbiased estimare of u(x,t)
(not necessarily uniform or constant in time)
u'(x,t) = zero-mean estimation error
(now generally nonstationary)

then «<c> satisfies a more complex equation of the form

SUXLR 4 Ux, ) 9<e(x, > = = V-Jp (x,1) (27)
JD(x,t) = dispersive flux dependeat on A(x,1). (28)

The better is the estimate of U(x,t), the smailer is the covariance
A(x,t) of the errors u'(x.t) and the dispersive flux JD(x.t)! Inforr -

tion is thus transferred from the dispersive to the advective term!
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IMLICATIONS OF SCALE EFFECT
The observed increase of apparent longitudinal dispersivity with obser-
vation or experimenfal scale in saturated media implies (Neuman,
1990a):

I. Heterogeneous geologic media are not statistically homogeneous
with respect to saturated log hydraulic conductivity (there are no
unique mean, variance, correlation scales) except, at best, locally. Het-
-erogeneities may appear on a multiplicity of scales and tteir effect must
be superimposed. Hence site characterization on one scale does not
carry ov 't to ouler sca.s; a thorough understanding of geologic
conditions [n the near field o1 a repository is not sufficient to
predict flow and transport in the far field: characterization is
required on all scales of the control volume. Where this is not practi-
cal. the aliernative is to rely on scaling rules such as that of Neuman
(I990a). No such scaling rules presently exist for unsaturated media:
much theoretical work, supported by multiscale experiments and

observations are required to derive them.

2. Saturated flow and transport properties of fractured media scale,
on the average, like those of porous media. Hence the validiry of
many distinctions commonly drawn J° wveen these two types of media

may be ir guestion.
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B Neym#n's (1990a) scaling rule is derived from apparent dispersivities
calculated without information about flow or tran: _Ort properties of
specific heterogeneities (fractures, chamnels, other rathways), taking the
advective velocity to be that of a uniform medium. Apparent disper-
sivities from calibrated numerical models increase more slowly with
scale; m such models ~.dium properties vary slowly (usually
remaining constant within zones containing numerous finite difference
cells) and advective velocities show corresponding large-scale fluctu-
‘ations which would not show in a unJjorm medium. Knowledge of
these large-scale property and velocity variations means that now only
smaller-scale fluctu.: vs remaip * ceriai~ allowing the dispersivity
which represents them ¢ decrease. This demonstrates that information
bas been transferred from the dispersive 1o the advective term of the
transport equation; the iess well a site is characterized, the more crude
is the description of advestive velocities (and travel times) and therefore

the dispersivity must increases to reflect this lack of information.

The data thus validate the theoretical prediction that advection and
dispersion are two sides of the same coin and treating them as two
distinct © " :nomena is inappropriate; dispersion is not a local
miedium parameter but a non-local parameter which depends on resi-
dence time and reflects ail that is unknown about the advective
fie'd; transport models which treat dispersivity as a constant inde-
peadent of information content underestimate the uncertainty in con-

saminant fluxes, concentrations, and travel times.
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VALIDATION OF REPOSITORY SAFETY ASSESSMENT
MODELS AND THE ROLE OF RESEARCH

For a repository to be licensed without facing a successful political
and legal challenge it must meet with public acceptance and the con-
currence of experts. Without a concensus among leading experts in
all relevant fields about the safety of a repository there is little chance

for public confidence which is a prerequisite for acceptance.

It is incorrect to assume that if a hydrogeologic environment is too
complex to model with confidence it is inherently unsuitable for waste
dispesal. It is equally incorrect to deny the crucial role of quantitative
models in repository salety assessment. Hence there is a need to insure

that such models are valid tools for this purpose.

Should experts and the public sense a lack of firm scientific and
experimental support for safety assessment calculations by the DOE
ar NRC, they may decide to act as intervenors and (Davis and
Goodrich, 1990) "use validation as an issue in litigation against either
the DOE (before a license application for construction of a repositor

or the NRC (after a license is granted)."




[ndezd, "the issue of validation was the basis for the decision in a court
case involving the State of Qhio and the EPA (23 ERC 2091 [6th Cir.
1986] ... the court ruled that the EPA had acted arbitrarily in using the
CRSTER code ... for establishing limitations on sulfur dioxide emis-
sioms from two electric utility plants. The Court decided that the FPA
had failed to establish the accuracy or trustworthiness of the mode! as
compared with the actual discharge from the plants, In other words,

the EPA did not perform a site-specific validation of the model "

The Arizona Daily Star, October 27, 1990, p. 5B: "A Phoenix-area cit-
zens group said yesterday that it found major flaws in proposed per-
mits for Ensco Inc.'s hazardous-waste incinerators near Mobile ...
Hausen said the state estimated the cancer risk with a set of computer
models based on unvalidated assumptions. "It's an inexact science ...
there are a lot of unknowns ... even an EPA researcher says it will
take 20 years of field data to validate, or refute, the models - that's
toa risky for us."

As (J.-P. Olivier, OECD/NEA, GEOVAL-90) "there are at leas' two
decades ... alend of us before the first high-level waste repositories
become operational,” the DOE and NRC should act immediately and
vigorously to pursue both short-term and long-range scientific
research goals in support of model validation.



The Ohio-EPA court case implies that in addition to supporting safety

assessments by firm scientific theory and evidence in a generic sense
(through generic validation), one must further prove that these scientifi-
cally sound models in fact apply to the site in question (through sire-
specific validation). Generic validation is a prerequisite for site-
specific validation but the iatter depends further on the informa-

tion content of data describing th: particular site in question.

DQE October 1989 Draft Validation Methodology for PA Models identi-
fies the three key elements of such validation as "1) a record of model
development; 2) a description of the laboratory and field investigations
and the resulting data supporting the development of the model: and 3)
technical reviews." Their validation "methodology .; essentially an
atempt to document the scientific method." Tue draft says little about
how "the scientific method" is to be pursued in the context of valida-
tan. While proper documentation is important, it in itself does not

constitrite validation.




The Role of Positive Evidence in Validation

Model validation is équivalent to the testing of a scientific theory
by requiring ample positive evidence that the model or theory are
correct and "work," i.e., that they have met with repeated successes in
explaining and reproducing pertinent observations and experimental
data.

‘Kuhn (1970) points out that Popper (1959) "dsnies the existence of any
verification procedure at all. Instead, he emphasizes the importance of
falsification, i.e., of the test that, because its outcome is negative, neces-
iates the rejection of an established theory." This negativist attitude
doss not appear conducive to the creation of a concensus araong
relevant experts that o proposed geologic repository is safe, as

would appear necessary for public acceptance.

Kuhn counters Popper by noting that "If any and every failure to fit
L.heory and data] were ground for theory rejection, all theories cught to
be rejected at all times. On the other hand, if only severe failure to fit
justifies theory rejection, then the Popperians will require some criter-
wn of *improbabilty’ or of 'degree of falsification.’ In developing cne
tizy will almost certainly encounter the same ... difficulties that ha[ve)
baunted the advocates of various probabilistic verification theories ...
probabilistic theories disguise the verification situation as much as

they flluminate it."



Kuhn (1970) does not deny the need for falsification through the expo-

sure of "anomalies" that cannot be explained with existing theories or
models, nor does he reject the role of probabilistic methods in valida-
tion. Instead, he requires a combination of negative evidence that
the existing theory or model fail to explain and/or reproduce an
observed anomaly, and positive evidence that a new theory or

model can do so berrer, leading to the adoption of the new theory or

model by the majority of scientists as valid.

[n Kuhn's opinion, "it makes little sense to suggest that verification
1s sstablishing the agreement of fact with theory. All historically
significant theories have agreed with the facts. but only more or less."
Haowever, "it makes a great deal of sense to ask which of two actual

and competing theories fits the facts better."

One way to answer the latter question is by means of model identifi-
cation criteria based on likelihood concepts such as those used by
Carrera and Neuman (1986) to select berween alternative heterogeneity
panerns in a given aquifer flow model, by Samper and Neuman (1989)
W select between alternative spatial covariance structures of hydrochem-
wal and isotope data from the Madrid Basin in Spain, and by Carrera
and cawarkers 10 formally test the justification for including matrix dif-
fusion and other phenomena in models of transport to reproduce labo-

ratary data from Harwell in England under INTRAVAL Case 1.




Kuha (1970): "Few philosophers of science still seek absolute criteria
for the verification of scientific theories. Noting that no theory can
ever be exposed to all possible relevant tests, they ash not whether a
theory has been verified but rather about its probability in the light of

the evidence that actually exists."

The broader is the available data base used to support a theory or
model, the more are experts willing to accept this theory or model
‘as being valid. However, no matter how broad this base may be,
there always is a possibility that new observations or experiments may
become available which the existing theory or model can neither repro-
duce nor explain. Such observations or experiments constitute sur-
pcses o0 those whose frame of mind is set by th_: currently accepted
theary or model; the latter theories and models clearly cannot predict
surprises and, therefore, must not be used for extrapolation outside
their established domain of validation. A scientific concensus is thus

necessary but not sufficient for validation.

When the body of such new chservations and experiments becomes
weighty enough t0 cast doubt on the validity of the existing theory or
model, z2teempts are mades to mcdify or replace them by a new theory
ar madel which possess a broader range of validity. This is presently
Bappening to fundamental theoretical and modeling concepts rel-
ated to fluid flow and contaminant transport in complex geologic

media.



There ar® numerous attempts to replace the established theoretical
framework of 4ingeology in strongly heterogeneous media with a
new one. Tuere is an urgent need to confirm or deny (through
"conlirmatory research") many of the key new concepts (discrete
[racture models, stochastic continuum models, channel models,
effective  flow and transport parameters, pseudofunctions for
unsatarated fiow, scaling ideas) by conducting large-scale, long-
term field experiments of the “ind presently carried out or planned by

' some participants of INTRAVAL.

Some existing theories and models which make up componerits of cur-
1... PA models are expected by leading groundwater scientists to fail
when applied outside their experimentally established range of validity.
This shonld make the DOE and NRC extremely cautious whith PA
models which rely on extrapolation into untested medium, process,
parameter, space, or time domains for which there is no experi-
mental frame of reference. Such models have a high chance of being
rejected as unreliable by at least some relevant experts, which in turn
may shake public confidence in the safety assessment process to a suffi-

cient degree $2 that public acceptance is compromised.



" Near-Field versus Far-Field Mode! Validation
and the Concept of Robustness
McCombie er al. (1990) consider the NAGRA model of the [saturated)
near-field to be relatively robust in providing "confidence that the res-
ults are eit' er correct ... or ... overpredict detriment" so that "any
errors either will have little effect on performance or will be on the
comservative side ... A robust model would be a simulation of well-
understood processes in which the required databases are well def-

‘ined.”

"Critical ... is that the overall repository performance (as measured by a
global parameter like release or dose) is relatively insensitive to, or is
demonstrably[!] conservative in the case of, variations in the concep-
tual model framework or individual parameters within established
ranges. This second condition means that performance assessment
predictions with large uncertainties can be acceptable provided that the
band af results lie well below defined targets. A robust model with no
excessive demands on validation results from a combination of a
simple system [not simple model') with large reserves of perfor-

mance and a conservative approach to choice of models and data."

The repasitory can be "design[ed] for robustness by lowering waste
loadings or increasing storage times before disposal."”



McCombie er al. conclude that "With limited requirements on the host
rock" one should "be able to sufficiently validate an appropriate

near-field release model" in saturated environments.

Far-field transport models are "less robust" and "defining even the
initial characteristics and boundary conditions ... for a far-field model is
inherently more difficult and uncertain than in the near-field case."
Such models are highly sensitive "to parameter/conceptual model varia-
“tions [which] minimises the safety reserves involved and hence its rob-
ustness. Validation is inherently more difficult ... A specific prob-
lem is the distance scales considered ... The near field covers a
volume small enough to be well characterized in the actual system or
in appropriate analogues. The far field is so extensive that it is more

difficult to achieve sufficient data ‘density’."

Niederer (1990) agrees that "There is very little experience with
processes ... in the deep underground ... not sufficient to create ..
concensus on the relevant models." Validation "is particularly impor-
tant for ... models of geospheric migration because scientific experi-

ence with the deep underground is scarce."



Eisenberg '(1990) adds that "the time periods for the application of repo-
sitory performance assessment models are so long ... that direct comse
parison of system performance with model prediction cannot be accom-
plished; therefore, the inductive approach to model validation is in-
applicable ... the site geology, geochemistry, hydrology, rock mechan-
ics, etc. are aspects of a highly complex, heterogeneous natural system
... the behavior of the system can only be observed inferentially and
only at a finite number of measuring points in space and time. These
- [imitations apply to both the bouudary observables and to the much
more difficult-to-obtain interior structure and behavior. The inability
to confirm the interior structure of the system or to confirm the
processes relating such structures to each other and to system perfor-
mance, severely limits the degree to which validation can be carried out
—. The state-of-the-art of scientific theory for various aspects of per-
formance assessment modeling are not adv: iced enough to assure a
basis of a priori knowledge sufficient to produce valid models by

deductive reasoning."

This underlines (McCombie er a/., 1990) "the importance of the use
of realistic models® based on sound scientific principles and warns

that oversimplified PA models based on deductive reasoning may
[ack validity.



* Performance Assessment of Engineered Versus

Natural Repository System Components

PA is a useful concept when applied to the design of man-made Sys-
tems such as nuclear reactors and engineered portions of a repository.
The inclusion of a non-engineered geologic environment in the
definitionn of a repository system for the purpose of PA has no
precedence in engineering practice and poses the single most diffi-

“cult challenge for safety assessement.

The geologic environment is part of nature which man can integrate
into an engineered system but one which man cannot design; it is nei-
ther man-made nor does it perform to man's specifications. Hence PA
as commonly applied in engineering practice does not strictly apply to
it. Such application has allowed modelers to adopt the misleading
notion that mathematical and systems analytical concepts which
have been tested (with partial success) in the context of engineer-
ing PA (say in the area of nuclear reactors) are transferable to the
anaiysis of environmental response. Such transferability has not

been demonstrated and there is little hope that it will be in the future.



Grouqdw;tcr flow and transport models have never been validated aga-
inst observed or experimental behavior of the natural system over time
spans longer than a few years (maximum decades) and spatia! scales
larger than a few hundred meters (maximum a kilometer or two. both
in bighly permeable unfractured aquifers and subject to considerable
debate). Models of groundwater flow and transport in unsaturated
porous soils have never been validated on time scales exceeding a few
weeks (at best months) or spatial scales exceeding a few tens of centime-
“ters (at best meters). Models of groundwater flow and transport in

uusaturated fractured tuffs have never been validated at all.

Same current DOE and NRC research effort is directed toward develop-
g such models and validating them on extremely modest temporal
and spatial scales. There is virtually nothing to indicate that the
best available models can be relied on to simulate groundwater
{low and transport on spatial and temporal scales relevant to repo-
sitory PA within a specified margin of error (or at a given level of
statistical confidence).

Hydrogeologic models relevant to Yucca Mountain will probably
aever be validated on any but relatively modest spatial and tempo-
ral scales. Can anything be done so experts and the public
become convinced that geologic disposal of spent fuel ard high

[evel radioactive wastes is safe?



Role of Geosphere Flow and Transport Research

in Validation

Relying too heavily on engineered barriers at the expense of the host
rock in safety assessment may defeat the very purpose, or raison d'etre.
of a deep geologic repository. The geology must bear a good share
of responsibility (yiveu considerable credit) for waste isolation oth-

erwise the concert of deep geological disposal may lack both

rational and economic justification.

What strategy then must the DOE and NRC adopt to help resolve the
difficulty in validating (i.e., rendoring ciedible) the geosphere compe -
nents of safety assessment models? | agree with Niederer (1990), Olivier
(1990), and Eisenberg (1990) that "the main reliance of validation
should be on scientific substance and logical rigor.," in this order.
Though it is neither possible nor necessary (McCombie er al., 1990) "to
aim for ‘absolute truth' or for perfect accuracy ... the best possible
understanding of system behavior and a realistic modeiling of important

processes involved should ... always be aimed at."

The only way that scientific substauce can be improved is through
a well-funded, vigorous and rigorous research program which gra-
dually expands the domain of present knowledge in areas critical to
mrodel validation, primarily geosphere flow and transport where sci-

entific concensus seems most lacking.




The priniary focus of DOE and NRC research should be on experi-
mental and theoretical issues relaied to safety assessment on which
cxpert concensus is presently lacking. Such studies may confirra or
deny the validity of current perfoermance assesment models or some of
their key components. hence they fall well within the purview of
NRC "confirmatory research." However, maay outstanding issues are
so fundamental that no resolution can realistically be expected without a
much greater allotment of talent, time and money than is presently the
case in the US. Without pursuing a more vigorous effort to
resolve these issues, there is little hope for a concensus among
bhydrogeologists and groundwater scientists that current models of
{low and transport in fractured tuffs, not to speak particularly of
Yuccz Mountain, are reliable. Without such a concensus, there is

Lule hope for public confidence and therefore a greatly reduced pr s-
pect for defensible licensing.

A major prerequisite for public acceptance of government decisions
abaut a high-level repository is that the agencies car. back them with
demonstrahly excellent science and tech..clogy: a mature public may
suppart such decisions even in the face of unresolvable uncert=inties.
duly acknowledged. The same public may be justified in rejecting such
decisions if they are based on less than what the best science and tech-
nology of the day could potentially deliver given adequate government

suppart and encouragement,




The notidn that DOE and NRC research on geosphere flow and
transp;n should be driven by needs perceived on ths basis of per-
formance assessment’ models is highly problematic. It is true that
certain petformance measures, when calculated on the basis of existing
PA models. may appear robust by being insensitive to some processes
or parameters built into these models. This, however, should not be
sufficieri: ground for the dismissal of such processes and parameters as

unimiporiant or undeserving of serious research.

First, performance measures mayv change in the future due to a re-eva-
luation of, or challenges to, current rules (groundwater travel-time is a
highly ambiguous performance measure which is being justly criticized

as lacking in scientific rationale).

Second, unless the processes and parameters in question are well und-
erstood and the corresponding components of the PA model have been
properly validated, one cannot be sure that the implied robustness or
lack of sensitivity ic not merely the result of a misconception on the
part of the modeler. One such common misconception is that cumula-
tive release to the accessible environment is insensitive to radionuclide
dispersion in the host rock and hence the process of dispersion need
not be seriously researched.



‘nstead af subordinatiug research on geosphere flow and transport
to lictnsing needs perceived on the basis of PA models, the case of
model validation (and hence licensing) would be better served if

such research was o progress toward long-term scientific goals in

a relatively independent manner.

Geosphere flow and transport do not qualify as engineering problems
for which tangible "solutions" can be expected within a predetermined
ume frame to satisfy licensing User Needs; rather, they are geoscience
probletns which one can study but not solve. Possible (but not
inevitable) byproducts of such a study may include improved labora-

tory and field methods, analytical tools, and computational models.

The new DOE plan to delay repository cperations to the year 2010

provides an opportunity for the DOE and NRC to seriously pursue
such long-term research goals, and a good prospect for this research to
be translated into tangible products within a similar time frame.
Regardless of whether or not such tangible products are in fact
obtained, the important thing to agree upon is that the primary goal
of geosphere model validation must be the resolution, through
long-term research, of fundamenta! issues which hamper concensus
among scientists about the nature and quantification of geosphere

flow and transport phenomena.




