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SUBJECT: NRC Meeting and Seminar by Prof. Shlomo P. Neuman on
" Validation of Repository Assessment Models and the Role of
Research"

AUTHOR: Rachid Ababou

DATE AND PLACE: November 9, 1990
U.S.NRC White Flint offices-
Washington D.C.

PERSON PRESENT: CNVRA

Rachid Ababou

BACKCROUND, PURPOSE, AND SUMMARY OF MEETING:

This one day meeting was held at the White Flint Building offices of NRC,
November 9,1990. The NRC contact was Thomas J. Nicholson (Office of Research).
Prof. Shlomo P. Neuman (Department of Hydrology, University of Arizona, Tucson)
was invited to expose his views on the " Validation of Repository Assessment
Models and the Role of Research", previously submitted to NRC in the form of a.
draft essay dated July 5,1990. This draf t essay was prepared in the wake of the
CE0 VAL-90 conference. The meeting was lively and well attended, by NRC mana6ement
and NMSS/RES staff. Cerry Stirewalt and I represented the Center. In particular,
Budhi Sagar had delegated me to speak for the Center's performance assessment
group.

The following is a summary of the exchange of ideas that went on at the meeting,
assembled from scattered notes. For convenience, I have distinguished three broadw

topics: (1) Groundwater travel time rule; (2) Model validation and performance
assessment; and-(3) Prof. Neuman's research. In addition. I 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
Mountain project: Another perspective", by Isaac J. Winograd, Environ. Sci.
Technol., Vol. 24, No. 9, 1990).

SUMMARY OF PERTINENT POINTS:

1. Groundwater travel time rule
,

Prof. Neuman raised the issue of the importance of concentrated releaue
(lethal to humans), as opposed to the total mass at some arbitrary compliance
surface.

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _
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' NRC management expressed the need for (new) guidance regarding the groundwater
travel time (GVTT) rule, without changing the rule itself. I noted that the
Center is working on this, and that some of the options considered by the Center
would require add'itional definitions but not a change of the rule per se. I also
expressed my (personal) view on the proper interpretation of C',TrT: a first step
would be to recognize that CUTT is necessarily a scale dependent quantity, with
respect to the scale of averaS ng involved in calculating (measurin8 or modeling)i
Sroundwater velocities; a second step would then be for researchers to provide
guidance concerning the magnitude of the scale of averaging and how it 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 (see below; see also attached
copy of Prof. Neuman viewgraphs) .

NRC management asked whethet the CVTT travel time was too constrainin5 in terms
of the data 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 50E/NRC handling of the
Yucca Mountain proj ect. Another question was whether there was any " technical"
problem in the fact that NRC and DOE vere using the same test site (at Appache
Leap I think). Prof. Neuman's answer to the latter question was essentially that
there should not be a problem (on 3e contrary) as long as the NRC and DOE
researches proceed independently.

2. Model Validation and Performance Assessment

Discussions on Model Validation (MODVAL) and Performance Assessment (PA) took a
philosophical turn towards the end of the day. Several individuals 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 biased account of some of the perceived
diff erences of opinion regarding MODVAL,

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

Shlomo emphasized the fact that model validation can never be completely achieved
since validation procedures cannot take into account uncuspected/ unknown
processes. Therefore, the best that can be done is to further basic research in
order to uncover the most we can about unknown phenomena. The public should be
made aware of such (basic science) uncertainties, of the amount of effort spent
in resolving them, and of what has been achieved in that re5ard.

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
if the simplified model is too far off, however conservative we try to make it
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in terms of input data.

I f ocused on the logical incompatibility that exists between "validatior and
" refutation". Assume for instance that A is a model (e,g. transport m61) and
B is a particular manifestation of it (e.g. the actual occurrence of breakthrough
at a cernpliance beundary at time T) . Then, given that A = B and B is true, can
we affirm that A is true (validation)? Not according to standard logical
inference. Rather, all we can say is: given that A-B, if B is found to be
false, then A must be false (refutation) . Tom indicated that most INTRAVAL tests
to date have been presented in such a way as to avoid the appearance (if not the
possibility) of acdel refutation. The psychological reasons of this seem obvious.

I also su6gested a parallel argument with respect to hypothesis testing:
traditionally, e.g. in the area of radar detection, the focus has been on Type I
error (probability of a miss) rather than Type 11 error (probability of a false
alarm). In model validation for geologic repos ito ry , however, if the null
hypothesis is defined as "The model is valid", then the Type II et'or (" false
alarm" ~ " adopt invalid model") seems more criti.al than the Type I error
("miss" ~ " reject valid model") . Someone who disagreed suggested that to reject
a valid model may be as tragic as to adopt a wrong one if only one model is
available.

I cannot do justice to the many other thoughts that were expressed on PA and
MODVAL during the meeting. I'll just add that some practical aspects, e.g.
probabilistic model validation procedures such as hypothesis testing and che
like, were discussed in some detail, mostly in reference to PT)#AL work.

3. Prof. Neuman's Research

Prof. Neuman opent most of the morning explaining some of his recent and current
research work in hydrogeology (see attached copy of his viewgraphs). One of his
purposes was apparently to make the case for his (and other) research using
statistical continuum approaches for studying the flow and transport behavior of
fractured rock formations. Another purpose of his talk was, clearly, to point out
that research on contaminant dispersion is directly relevant to GWTT
distributions and, hence, to NRC regulations.

Prof. Neuman started by presenting his previous work on the in situ
characterization and interpretation of saturated flow tests in the fractured
granitic formation at the Oracle site near Tucson, Arizona. This work was funded
by NRC He then moved on to more recent or onSoing NRC funded research. Briefly,
here are a few points that I noted:

Key question is: are fractured media essentially different from.

porous media? Illustration with slide show (fracture outcrops, etc).

. Fracture aperture data frots Stripa site in Sweden (Genevieve
Centieres): both wall and aperture plotted.

No obvious correlation between (i) fracture density distribution at.

,
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borehole, and (ii) packer test. conductivity distribution at s ime
borehole. Data from both the Oracle site (Arizona) and the Stripa
site.(Sweden) lead to this conclusion.

Prof. Neretnieks mapped outflow along a drift at Stripa site, as.

part of- INTRAVAL work. Concluded that fracture flow _cccurs as
channel flow rather than sheet flow. Poor correlation be6veen flow
rate and fracture = outcrop 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 CWTT PDF is directly related to.

mean square displacement, or equivalently to the
diffusion dispersion coefficient D. [ Note: this seems perfectly

-obvious intuitively; in fact, this is trus for non probalistic as
well as probabilistic incorpretations 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.' Neumane

shows that the coefficient of variation (CV) of total cumulated mass
released at compliance boundary is maximal at early times (i.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) is in fact attained much later, at the time _of-

breakthrou8h of the center of mass of the plume),

e In transport modeling,' calibration with additional measurements
~1eads to decreased variances and dispersivities. The effect is to
transfor.information from se dispersive to advective terms. [ Note:
this type of transfer _ of information has been recognized and

' formalized; in several ways; there is a broad consensus on this,
although the most practical methods to integrate this into classical
models are'still being researched).

CONCLUSIONS:

This _ was1 an informative meeting on performance -assessment and research for
geosphere flow and transport, with a good balance between the managarial and-

{ technical / scientific points of views. Much of the debate.s that took place at this
meeting were directly relevant to the Center activities in-both the Performance
Assessment and Geologic Setting areas..

PROBl. EMS ENCOUNTERED:

- None
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PENDING ACTIONS:

Nons-
,

RECOMMENDATIONS:

Attendance at such meetings plays en important role in publicizing NRC and Ch"='RA
research efforts as well as obtaining up to date information on recent progress
in key areas of research. It is recommended that such communication channels be
kept open in the future, notably through research presentations by CN'n'RA staff
at scientific conferences and workshops.

c dd / e4 0 90 ,4 jSIGNATURE:

Date

REFERENCES:

None

CONCURRENCE SIGNATURE AND DATE:

v. b* M80 k . 3, |99 0
( Date

LIST OF ATTACHED DOCUMENTS:

(1) Copy of Prof. Neuman's viewgraphs and of his draft essay on
,

" Validation of Repositoty Assessment Models and the Role of
Research".

(2) Copy of'an article distributed to me ac the meeting: "The Yucca
Mountain proj ect: Another perspective", by Isaac J. Winograd,
Environ. Sci. Technol., Vol. 24, No. 9, 1990.

-LIST OF ACRONYMS AND ABBREVIATIONS:

|

. Center: Center for Nuclear Vaste Regulatory Analyses

! eDOE: Department of Energy
!

eCVTT: Groundwater Travel Time:

.INTRAVAL: Int:ernational INTRAVAL Projecc (Validation of Geosphere Transport
Models for Performance Assessment of Nuclear Waste Disposal)

-- .-- .



- __ _ _ _ _

g. w n u,ma-

. .
_.

The Yucca Mountain project::

Another perspective
'

.

1

..,3 f MTh d. .

i o~n
*A s' 0

'
;

. . . I at /'

?: /
,,a ; , ,i / /

*
.

'

.

N,
. . . . . .

.

/
-

'\gyg
! 4

I %.e / v '

;
.4 . ,f

By Isaac J. Winograd
^ ^^

_
,

.

The recent commentary in your pages _

by C1.arles R. Malone (1) on the Yucca =-
., .

Mountain project deserves a response $.'
1

-

because the issues he raises go beyond

M*K , S|-

-
.

Yucca Mountain to a host of present and -

. ''

future environmental conniets. (Yucca g,' .g'-*

Mountam in Nevada is the site chosen
I

.

,by the U.S. Department of Energy for ,f Y '*exploration as a potential repository for p, I
'

high level nuclear waste.] Malone is ap- '
-

,

j propnately concemed about whether we N* '

|

future geologic and hydrologic changes
~

,,' G, ,can have " reasonable assurances that . "w. - -
,

' at the site will not result in transport of .

L
'

radionuclides to the accessible environ. -

ment during the first 10.000 years fol. , _ . m
lowing closure of the repository"
(p.1452). He views the " lack of vali- that the altematives to geologic disposal search, testing of worst case scenanos,
dated models for predicting geologic (at Yucca Mountain or elsswhere) are and ebminatme marrinal waste dienaul
and hyd ologic processes over 10,000 also fraught with major uncertainties. < mnnot readi y be v=Muad nr.
years" as a major liability of the Yucca And third, he fails to inform readers os, even emnbrated. I do not repeat
Mountain site. His bonom line is that that, unlike other geologic disposal sites the reasons I gave for this because
"the limits of environmental science considered thus far, disposal at Yucca Malone and I are in agreement on this
have been exceeded by the goals set for Mountain is fully retrievable and could matter. What N alone d= nnt uvis
the nation's radioactive waste disposal be reliably monitored. I will consider that EPA and tie NRC reccanin the
program," and therefore he argues that these matters in tum. Fleed for noncuantittable techmcal judg1
"the debate over national policy for The aunmntinn that nreite 10.000- ments tn eva]qung reooutorvg.
dealing with high level nuclear wastes year " predictive" modeling is an essen- F=are rhnugh it is a maner of debate

,

i be reopened and that attematives to the tia requirement for octermmation or the fiow such judgments can be used in the
present course of action receive further "oerrormane, ni vorra u--a ne licensing procett (2 .5). In any event.
Consideration." any other tite. is An nutomwth nf EP3 the folly of relying too heavtly on math.

Malone's analysis of the Yucca and U s. Nnri.., n.-uien v en-a- ematica2 moocima m n-,m< i en.

Mountain endeavor is pertinent and sion (NRC) reentatinnt D.A which set ocavors Decame monarent more than a
thoughrful, but it is incomplete in sever- discrete upper or lower Itmits for radio- cecace ago, after the failure of the Teton
al irnportant respects. First, he categori- nuclide relene rates, grour.dwater travel Dam in W76. As carefully noted Dy'
cally assumes that if a geologic environ. nmes, and waste contamer lifetimes. As Kalph B. Peck (6), it was an overreli-,

ment is too complex to model exactly it Malone correctly implies, and as I have ance on numerical analysis--at the ex-'

is inherently unsuitable for waste em- pointed out elsewhere (5), such mnd. pense of sudament based field work-
'

placement. Second, he fails to mention els shnuch ettential for guidine re- that directly led to the failure of this

The erscm not s@ct to U.S. copynget. Puchshou 19uo Amencen Crwmscal Socwty Enynn. Sd. Tecnrei., Vol. 24. No. 9.1990 1291
,

-
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of funner craterwavn. %,....gnderemund et2mmanortef ts ute y' dry above ground storage m concrete
. dam. I am concerned that an m

* *

casks. The State of Nevada Agexy for
phasis o

- at Yucca Mountam Nuclear Projects.Huclear Waste Project needed to test the taitial rtndmes amved
may o ,1 result m the oppotite situation: Office eecommends dry cask storage at

'ai by surface based hcJnric marotng
namely, the tremature reiaerinn of chat reactof sites for up to 100 years, dunng and ten dn m=u

I wtsn next to bnefly state one of my
a

inay prove to be an otherwise accept- which ume, they argue, a supenor dis.
owri major concems regardmg the Yuc-able, though not perfect, site for high.

posal scheme might become available ca Mountain project, it is my strong im-level radioactive waste (HLW) Selec. (9). Altematively, the wastes could be

daposal site must rest on technical judg- -
shipped to one of two national Mom-

pression-though admittedly that of antion or re)cction of a dam or totic waste
tored Retnevable Storage OfRS) facili-

mterested observer rather than partici.
ment, not solely on the asailabtlity of ties for indefinite holdmg. But even pant-< hat east nverenhuis on clan-
"sahdated models." these two seemingly simple surface- ning documents, cuahry assurance re-

e,cuic2! iude.

ment? Suen judgment begms with the
based expedients are not free of nsks. qutrements, cata mannaement systems,wy an t mein _hr

and otner ammarratne e nui ,ments__

For example, are the probabilities and
has hindered an efficient neotechmeil7E"8gniuon that the problem of HLW consequences of operator errors, of van- charactentation of Yucca Mountain,disposal (or for that manet, perpetual , dalism, of sabotage, or of an aircraft
When and if work thert la resumed--surface storage of such wastes) is, as cruhmg into spent fuel storage areas ad- following resolution of current litiga-aptly phra<,cd by Wetnberg (7),,a,,gjfj- jacent to cities acceptable? Why was tion-1 suggest a 4- to 6 year moraton-sciennne emhtem @c n a rwnb

em
geologic disposal of HLW initially pro- um on, or at the least a significantinat mvehe3 evenu so rare that both posed over three decades ago? It was, ofreduction in, such papemork to permittheir prnbabdines and ennsecuences are course, an attempt to preclude (or at scientists and engineers to efficientlybevond the abittry of Science and enai- least mtntmize) accidental, or mischie- obe.am data from underground workmgs,meenna to quantdv woh n* * c mnn ,
vous, contact of humans and animals

so as to reach an informed and matureTecriruca] juogment also recogmzes that with HLW now and in the future,
judgment about this site,if the site stillmathematical models can be no betterthan the conceptual model guidtng field ''" Finally, Malone fails to inform hisappears technica!!y suitable after such

observations; hence, it encourates the
readers that, unae mh*' nmnnted neo- intensive study, then pertment quality

formulation of comnetmo enneentual
lostic disposa mes fnr avamnir m the

assurance (see below) can be performed
deer set m **it h"ndreds of feet be-

aggjs. Techmcal judgment would fa- low the water table. or m bedded sali-
on key matters requiring replication.

vor selection of a disposal or storage site
w astes +tnntra nf =' V"ces Warnin

During the proposed 4 to 6 year mora-
that provides rnnumte hamers to radio- are readilv retnevable should unfore.

tonurn on " paperwork" it would also
be extremely helpful if ee Natinnalnuclide transpon-.-even if these barners

seen avann make removat nf the saue Academy of Sciences wnuu ess, byare only quahtatively established-over necemrv or de<i hie. Indeed, as has
a site with a single, though quantitative- been mentioned repeatedly in the litera-

one or more tnterdiscipimary rwmit.

ly established. barner to nuclide migra- ture (/O-/3), one of the pnncipal advan.
tees, the following important questions,
all of which go beyond Yucca Mountaintion, in other words, a " defense in

tages of solid w aste disposal in thick un-
to the endless environmentai contesta-detsth" anor=" snuld be heaviiv fm saturated Zones in arid or semiarid tions now facing us and certain to multi-vored over placmo au nne's erts tn one terram is case of retneval. HLW em,
ply in the next several decades:tunet, whatever its twed cemtude.

placement in the th;ck unsaturated zone * What shall constitute M' inBnefly, techmcal judgment is multifac. at Yucca Mountain is, in reality, pro-
complex environmental issues--someeted and does not rely on a single meth- tracted storage in deep tunnels, rather perhaps transscienufic-involving theodology, that is, modeling, but rather re- than irretnevable disposal; it has, in fact- earth, chemical, and biological sci-sults from a blendmg of qualitative and been viewed by Luther J. Carter (H) as ences, and how shall it be arrived o?quantitative approaches with weights a shallow subsurface MRS facility. * What constitutes adeouate oushrym.expenence deems appropnate. (Study of the need for such a facility on
iuranctin environmental endeavorsCan technical judgment tend in em>- the surface is required by the NuclearN neous decuinno r erenmiv For this rea- Waste Policy Amendments Act of mvolvmg these sciences?
How can the public best be informedson such judgment also fequires an inte- 1987.) Moreover, because the 'saste em- that ]ggr science gg engineermg

*

gration of muludecade morutonng into placement is in the fully accessible un- can provice gg[ggg in certain envi-project design, as pursuasively argued Saturated zone, current estimates of
ronmental matters such as HLW dis.iuch valMitinn. by D'Appolonia (8). c groundwater recharge, repository tem-aunw (nr

peratures, natural air convection, and so
posal?and vennentinn nrne ance,,

The excellent paper by A.M. Wein-|
frank recoeninon that uncertamties tr- forth, can be checked repeatedly by di.4 magh Fail safe, or redundant contam- rect monitormg for as raany decades and

berg (7) sets the stage for discussion of
these critical questions and deservesment, and retnevability, are similar log-

perhaps centunes u is deemed neces- careful study and discussion by a!! Sci.ical extensions of the admission of sary, indeed, the unsaturated tone readi- entists, engmeers, regulators, lawyers,
Malone correctly focused on the well- ly lends itself to the highly conservativeuncertamties.

known limits of the environmental sci.
geotechnical philosophy of " monitored

politicians, and lay people involved in

decisions" proposed by D'Appolonia
environmental disputations.

In summary, technical judgment-ences but, unfortunately, failed to men- (8) for engineenng decisions under un- including awareness of vast archaeolog-tion that the attematives to geologic
disposal or storage of HLW also are Technical judgment notwithstanding,

ical and paleoecological records of deli-certainty.

| also are not amenable to prediction by
let us be frani. There is unitkely to be a

cate objects preserved for millenia infraught with major uneenainties that
thick unsaturated zones in arid and

P means of " validated models." gnnu n-
perfect site or disposal method for HLWsemiand terrain (3, lj,16)--suggests

W n!temativat en e*nine+ du ( or, for that maner, for each and every thas Yucca Mountain, though not prob.
industnal toxic waste. We will have tog

M on land that have been <Med m select the best from an imperfect set of
lem free, is a site worthy at least of fur-

'the last twn dar*Ar< m*Ar disposal in solutions. As of June 1990, Yucca ther study by means of underground
tce sheets; tunal in deep sea oozes; Mountam appears to be a site deserving

workings. Let us not yet return to sauare

shooung of the wastes into space; and
,

s292 Envven. Sct. Tecnnos., Vol 24. No. 9.1Ho
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' envuonmental matters, then it seems we

have no choice but to appl} Jgggal
judgment constrained by the mtegranon h D
of muludeudal momtoring into project
design (8). '' yi
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EPA Standards According to,

.

' WORKING DRAFT 2 OF 40 CFR Part 191,1-31-90
J

.

19I.23 Containment Regtiirements: Is, Disposal systems for spent

nuclear fuel or high-level or transuranic radioactive wastes shall be

der 9.ned to provide a reasonable expectation, based upon per/ormance

assessments, that the cumulative releases of radionuclides to the accessi-

ble environment for 10,000 years after disposal from all signl// cant

. processes and events that may affect the disposal sysicm shall: (1) have

a IlkeIohood of less than one chance in 10 of exceeding the quantities

calculated according to Table 1 (Appendix B) [ Release Limit per 1,000

MTHM or other unit of waste) ; and (2) have a likelihood of less than

one chance in 1,000 of exceeding ten times the quantities calculated
..

acccrd'btr to Table I (Appendix B).

" Performance assessment" means an analysis that: (1) Identi/les the

procester and events that might affect the disposal system; (2) examines

tlie effects of titese processes and events on the performance of the dispo-

sat system; and (3) estimates the cumulative releases of radionuclides con-

sidertrg tlie associated uncertainties, caused by all significant processes

and events. These estimates shall be incorporated into AN OVERALL

PROBABILITY DISTRIBUTION OF CUM ~ULATIVE RSl. EASE to
the extent practicable.

,

, , , , , , .-, , , , - - - - - - , - -
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.

EPA is also considering options for INDIVIDUAL AND GROUND-

WATER. PROTECTION REQUIREMENTS such as
.

191.5 ... to provide a reasonable expectation that for X //,000 or

10,0001 years after disposal, undisturbed performance of the disposal

system shall not cause the annual commited ellective dose equivalent due

to all potential pathways from the disposal system to any member of the

public in the accessible environment to exceed Y (25 or 10] millirems.

'These pathways shall include the assumption that individuals consume 2

liters per day of drinking water from any high yield aquiler outside of
the controlled area.

191.16 (a) ... to provide a reasonable expectation that, for X years after

dispoal, undisturbed performance of the disposal system shall not cause

(I) any htcreme in the levels of radioactivity in any portion of a special
source of ground water etc.

" Committed effective dose equivalent" means the total dose equiva-

Ient received over a lifetime by an individual following an intake of

radionuclides into the body, multiplied by appropriate weighting factors
.

h
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1- '
.

10 CFR Ch.1,1-1-90 Edition |
'

,

|

60.Il$(a)(2) ... The geologic repository shall be located so that
^

prewr.ste<mplacement' groundwater travel time Lions the lastest path
1of likely radionuclide travel from the disturbed zone to the accessible
!

environment shall be at least 1,000 years or such other travel time as l

may be approved or specified by the Commission.

60.I22(b) Favorable condillons(7) Pre-waste-emplacement groundwater

travel time along the /astest path of likely radionuclide travel from the

disturbed zone to the accessible environment that substantially exceeds

1,000 years.

How does this travel time relate to measurable site c|aracteristics and to
..

EPA Standards 1

60102(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.

Isolattar means inhibiting the transpoit of radioactive material so that

amounts and concentrations of the materials entering the accessible

environment will be kept within prescribed limits.
,

How precisely do Ihese amounts and concentratiwts relate 1o travel time,

measvxtre characteristics of the geology, and EPA standards?



-

- _ _ _ _ - _ - _ - -

60.21(c) The Safety Analysis Report shall include: ... (1)(ii)(C) An eva-
'

,

luatioti of ... performance ... giving the rates and quantitles of rel-

eases of radionuclides to the accessible environment es a function of
time;

in wlat relation to EPA standards? This evidently requires reliance on

models of time dependent transport. The latter must further be vall-
dated:

.

60.21(c)(1)(ii) The assessment shall contain: (F) An explanation of

measures used to support the models used to perform the assessments

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

will be used to predict future conditions and changes in the geologic

setting shall be supported by using an appropriate combination of

such methods as lleid tests, in situ tests, laboratory tests which are

representative of field conditions, and natural analog studies.

60.I0I(a)(2) ... For ... long-term objectives and criteria, what is

required is reasonable assurance making allowance for ... uncertainties

involved, that the outcome will be in conformance with those objec-

tives and criteria. Demonstration of compliance with such objectives

and criteria will involve the use of data from accelerated tests and

predictive models that are supported by such measures as field and

laboratory tests, monitoring data and natural analog studies.

.

_ . . _ _ . . _ . _ _ _ - - _ _ _ _ _ _ _ _ _ . _ . _ _ . _ _ . . _ - - _ _ _ . - _ _ . _ _ . . _ _ _ _ _ _ _ _ _ _ - - - _ _ . _ _ _ _ _ _ _ . - _ _ - _ _ _ _ _ _ - - _ - _ _ _ _ - - - - _ _ - _ _ - - - - _ . -
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What must be measured in the field and/or laboratory, how and on what

scale (s) in space time, to allow the QUANTITATIVE ESTIMATION of

travel time along the fastest path, amounts and concentrations entering

the accessible environment, and rates aid quantitles of releases to the

accessible environment as a functton of time, as well as the associated

estimation uncertainty, once release rates from the engineered repository '

have been specified?

In wlar 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?

W/at "hydrogeologic properties and conditions" [60.21(c)(1)(i)(D)] must

be determ&ted, how, in what quantity, and on what space-time scale (s) to

make such quantitative estimation possible?

To what extent, || any, can models cnd analyses which attempt to make\

such quantitative estimates be validated? What is the meaning and impor-

tance of this term? What validation strategy, || any, should the NRC,

adopt?
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Table 5.5

Estimation of Drift and Model Parameters
(Pure Nugget Model)

Drift Paramatars (1)
. . = = = = - - - - -

--- _ _ =

Data GLSF. bo b1 b2 Nugget
Set Iter (2)

_ . _ ._=.. . - - - = _ - . . ..:---- -= -- - -

- - -

_ _ .

1AP (3) *(4) 0.018
0 0.0782 0.00251 0.00120 0.017
1 0.0782 0.00251 0.00120 0.017.

2AP * 0.076
0 0.225 0.0154 -0.00651 0.059
1 0.225 0.0154 -0.00651 0.059

3AP * 0.080
0 0.0869 0.00541 0.00161 0.068
1 0.0869 0.00541 0.00161 0.068-

1. Coefficients of polynomial Y
2. Generalized Idast-Squares Regression Itaration
3. Aperturas calculated for sectidn'1
4. Model fit by eye

*

,
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Table 5.2

K-8 Goodness of Fit Test

!

Data K-8 2-Tailed Reject Ho (2)
Set 2 (1) Probability (s=0.05),

-- - --_. .==-_ __ .- - . _ .

1AP 2.004 0.001 Yes

2AP 2.344 0.000 Yes

3AP 3.881 0.000 Yes-

isK 6.283 0.000 Yes

1. Kolmogorov-Smirnov 3 value.
2. The null hypothesis is that the data

are from a normal distribution.
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RELATIONSHIP BETWEEN TRAVEL TIME AND-DISPERSION
.

IN RANDOM GROUNDWATER VELOCITY FIELDS
.

Consider the random Eulerian velocity field

u(x,t) = U(x,t) + u'(x,t) (1)

such that

<u(x,t)> = Ensemble mean velocity - U(x,t) (2)

<u'(x,t)> = Ensemble mean velocity fluctuation = 0. (3)

_ f
-

%M y h as , n
Ou'? h '

(,x ' f) t3 E
ydj AccEGsIALE'

CourR o L Vo l ut1E.

S../GNVIA*NHG"Y
Let S be a Control or Compliance Surface enclosing the Repository Con-

trol Volume V from the Accessible Environment' E. Following G.I.

. Taylor's (1921) theory of continuous 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 ollowing a Travel or Residence Time t. We -f.

assume for simplicity, and without a loss of generality, that

1.. All streamlines emanating from repository intercept'S;:

2. Randomness stems from spatial variability of advective velocity field.

and associated estimation errors.

.

-.._....m... _ . . . . . . . . . _ . .
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Fobo' wing.Dagan (1987,1989) we write

Total particle displacement

- Advective displacement + Brownian Displacement

X=X+X (4)t B

where the Brownian component accounts for classical (local) Fickian

dispersion. The displacement covariance of each component is

o = <(X - <X>)(X - <X>)T for advection (5)>

OB = 2dt d = local dispersion tensor. (6)

Assuming for simplicity a constant water content e, the ensemble mean

concentration due to this particle is
,

<c(x,t;x,Q> = < h 6(x-X )> = f(x;t,x,Q (7)t

'

f(X ;t,x,Q = pdf of X , evaluated at X = x. (8)t t g

Define the effective dispersion tensor
,

D(t-Q = { do(t-Qt = d + { dD(t-Q(9)dt dt
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 pseudo Ficklan advection-

dispersion equation

8<C) + U.v<c> = V D(t-Qv<c>. (10)g

The nature of D(t-Q 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
,

Neum.:.n [1989).

1

'

,
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Following'Dagan (1989), we define

G(r;S,i:,t.) = the cumulative probability that a particle released from the

repository location x at time t, crosses the compliance surface S into the

accessible environment E during any time t, < t s r. Thu

G(r:S,x,to) = 1 - f(x;r,x,t,) dx. (11)
V

By virtue of-(7), this can be written as

<M (r;x,to)>
G(r;S,x,to)'- 1 - k <c(x;r,x,t.)> dx = (12)

3

.

di (r;x,t.)> = mean (!) mass having reached the accessibleg

environment E during t, < t s r.

Since the 2nd moment n of f depends on D by virtue of (9), or equi- D

valently <c> depends on D by virtue of (10), we have established a

cIcar and unequivocal relationship between the cumulative proba-

biIity G of the (random) travel time r, as well as the .nean cumula-,

tive reIcase to the accessible environment, <M (e:;x,t.)>, and theg
J '

effective dispersion tensor D!

<c> is only an estimate of the real concentration c, and <M > is only ang

| estimate of the real cumulative release M . By-virtue of-(12), our abil-g
L

| itr to estimate: M depends on-our ability to estimate the integralg
t
'

of e over V. We will see later [Neuman,1990a,b] that the estimation

error, or uncertainty in c -and/or M , are closely related to theg

magnitude of D, which in turn depends on the uncertainty associ-

ated with site-characterization of the advective velocity field. The

more poor'y is this field characterized, the larger are D and the

resulting uncertainties in c-and/or.M .g
-.
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.,.

Let g(r:S,x',Q = pdf r! a particle released from the repository location x

e :L5 to crossing the compliance surloce S into the accessible environment

E during r s I s 7 t' 4. Then from (11)
.

g(r:S,x,Q = - Ex (13)d
. V*'

or equivalently from (12)

aMg <J 5
g(r;S,x,Q= g ' a<c(x,7;x,Q> dx g

e 1 g
n4,3, g g

<J (r;x,Q> - mean (!) mass flow rate into the accessibleg.

environment E at time 7.

Like <M >, the mean mass flow rate <J > depends on f and/or <c>g S

ti.d hence on D.

The mean mass flow rate into E at time 7, due to to release of mass
'

dM.(x) = ec (x)dx at time to from each point x within a repositoryo

#
volume V., is

,
,

<J (r;V.,Q> -
V

(x)g(r;S,1,Q dx. (15)oc3

For a. continuous release at the mass rate Q(x,Q = SM(x,Q/at, the mean

mass flow rate into E is
. 7.

s3 (r;V.)> -
o V,Q(x,Qg(r:S,x,Q dx dto. (l6)3

'

__ _ _ _ . _ _ - _ _ _ _ _ - - _ _ - _ _ - _ - _ - _ _ - _ _ - _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ - _ - _ - _ - - - - -
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R,eturning to the single particle of mass M , assume that G is known '

and d'- 0 (negligible local dispersion). Then the pdf of M ig s bimodal,

with probability G that M3 - M. (particle is in E) and probability (1 -

G) that Mg = 0 (particle is in V): ($IC4f6 E4Y!
f(M ) - (1 - G)S(M ) + G6(MS - 4 )* (I 7)' '

S 3 F

From (12), the mean of mssi -

< M ' - M.G . (18)S

The variance is

Var (M ) - <(Mg - <M >)2> - <(Mg - % G )2>
-

S g
.m

(M3 - %G)2f(M ) dMg /-
g

[
,.-w 7

= (%G)2(1 - G) + (% - %G)2G =' ) (19)

b,] ,
{/

and the coefficient of variation

Var (M ) $fdg
UCV(M ) 1 I

3 yy , L. p
-

*

q
It follor that at early time, when <M > and G re small, CV(M ) is 7,3 g

very large and thus the uncertainty reoout 2.he particle's release to

the accessible environment is very large. This uncertainty is com- '

pounded by the uncertainty about G itself: As implied by (11) -
-

(11), to evaluate G one must be able to evaluate the integral of f or

<c> over the control volume V. As was already made clear, this

cannot be accomplished without a knowledge of D.

/

I

|
'
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Undorm 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 S, located a distance L from the repository

release point x, and the displacement process X to be stationary, onet

can rewrite (11) as y 3
E

(L U
= 2 > > >q

.

- U'

x = L + x,i

.

. .w.L
G(r-to;L-xi) - 1 - f(xi-xi,x2-x3,x3-x3;r-%) dxi dx,dx3

. -w, -w -w

.L
=1- f (xi-xi;r-t ) dxi (21)i

-w

f(xi-xi;r-t ) = 1-D marginal pdf of particle displacementt

- probability that particle released at xi at to

is within the strip xi and xi + dxi at time r-t..

If X is Gaussian, or otherwise to leading order of approximation, f
t i

satisfies the pseudo-Ficklan advection-dispersion equation
af af' B*fj+U - D (t-t ) gxg' (22)ggx,

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

tudinJ. dispersion, not on transverse dispersion,

l

I
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. Uncertain'ty of Concentration c [Neuman, 1990b]: Express the.

actual concentration c as

' c(x,t) = <c(x, t)> + c'(x, t) (23)

<c(x,t)> = unbiased estimate of c(x,t)

c'(x,t) = zero-mean estimation error.

Then, for to = 0 and a space-time stationary velocity field u(x,t) with

i <u(x,t)> = U = uniform and constant in time,

the covariance of the estimation error between two points y and x is
T<c'(y,t)c'(x,t)> = v <c(y,t)> O(t) v<c(x,t)> (24)

'

do(t) = 2D(t) (25)
t

D(t)= A(x) dA (26)
o

A(t)- Lagrangian covariance (mean over random particle trajectories)

of velocity fluctuations u'(x,t) about their constant mean U.

i If,instead of assuming-stationarity, we set

i <u(x,t)> = U(x,t) = unbiased estimate 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

L a<c( .t)> + U(x,t) v<c(x,t)> = - v JD (x, t) (27)

JD(x,t) = dispersive flux dependent on A(x,t). (28)

The better is the estimate of U(x,t), the smaller is the covariance 7
i

A(I,t) of the errors u'(x,t) and the dispersive flux J (x,t)! In/orr'c- I
D

tiart Lr tluts transferred from the dispersive to the advective term! )w&g
.
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, ..- IMLICATIONS OF SCALE EFFECT

The ok served increase of apparent longitudinal dispersivity with.obser-

Tatiert or experimenfal scale in saturated media implies (Neuman,

1990a):

1.- 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 tleir effect must

be superimposed. Hence site characterization on one scale does not

.
carry ovn to other sca;es; a thorough understanding of geologic .

conditions in- the .near field of a repository is not sufficient to
,

predict flow and transport in the far field;. . characterization is

requireti on all scales of the control volume. Where this is not practi-

cal, the alternative is to rely on scaling rules such as that of Neuman

(I990a). No such scaling rules presently exist for unsaturated media;-

ntuch.' theoretical work, supported by multiscale experiments and

observations are required to derive them.;

L
i

2. Saturated flow and transport properties of fractured media scale,

on- the average, like those of porous media. Hence the validity of

|- many gistinctions commonly drawn buween these two types of media

may be br question.

_ _ __ _ _ _ _ _ ___ _ _ __ - . - -.- - . - ..
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3r Neuman's (1990a) scaling rule is derived from apparent dispersivities

calculated without.information about flow or trangort properties of

specific heterogeneiti'es (fractures, clunnels, other pathways), taking the

advective velocity to be that of a uni /orm medium. Apparent disper-

sivities from calibrated numerical models increase more slowly with
: scale;- in such models reedium properties vary slowly (usually

remaining constant within zones containing numerous finite ' difference
i

cells) and advective velocities show corresponding large-scale fluctu-

'ations which would not show in a uniform medium. Knowledge of

these large-scale property and velocity variations means that now only

smaitar-scale fluctwEas remaio hertain., allowing the dispersivity
which represents them 'c- decrease. This demonstrates that information

has been transferred from the dispersive to the advective term of the

; transport equation; the iess well a site is characterized, the more crude
'

is the description of advective velocities (and travel times) and therefore'

,

,
. .-

the dispersivity must' increases-to reflect this lack of information.

L

The data. thus; validate the theoretical prediction that advection and
.

dispersion are two-sides of the same coin and- treating them as two

L distinct phenomena is inappropriate;- dispersion is not a local
medium parameter but a non-local parameter which depends on resi-

L dance time and reflects all that is unknown about- the advective

fie.id; transport models which treat dispersivity as a constant inde-,

pendent of information content underestimate the uncertainty in con-

uminant 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 Iegal 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

compler to model with confidence it is inherently unsuitable for waste

disposal It is equally incorrect to deny the crucial role of quantitative

models in repository safety 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:i;

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

_ _ _ _ _ . _ . _ _ _ _ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -
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hideed, " tite issue of validation was the basis for the decision in a court

case involving the State of Ohio and the EPA (23 ERC 2091 [6th Cir.

19861) . the court rufed that the EPA had acted arbitrarily in using the

CRsitK code ... for establishing limitations on sulfur dioxide emis-

siorrs from two electric utility plants. The Court decided that the EPA

had failed to establish the accuracy or trustworthiness of the model 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. SB: "A Phoenix-area cit-

fzens 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

moders 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
: too risky for us."

l'

As (J.-P. Olivier, OECD/NEA, GEOVAL-90) "there are at least two

decades . ahend of us before the first high-level waste repositories,

become operational," the DOE and NRC should act immediately and
.

vfgcicusly to pursue both short-term and long-range scientific

research goals in support of model validation.
:
)

!

!
_ _.
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The Ohid-EPA court case implies that in addition to supporting safety

assessinents by firm scientific theory and evidence in a generic sense

(through generic valia"ation), one must further prove that these scientifi-

cally sound models in fact apply to the site in question (through site.

specific validation). Generic validation is a prerequisite for site-

specific validation but the latter depends further on the informa-

tion content of data describing th2 particular site in question.

DOE October 1989 Draft Validation Methodology for PA Models identi-

fies the three key elements of such validation as "l) 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)

technimi reviews." Their validation " methodology a essentially an

atempt to document the scientific method." Tne draft says little about

how "the scientific method" is to be pursued in the context of valida-

t5an. While proper documentation is important, it in itself does not

constitute validation.

o

- _ _ - _ ___ ____- _
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The Role of Positive Evidence in Validation
-

,

Model validation is equivalent 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

expraining and reproducing pertinent observations and experimental

data.

'Kuhn (1970) points out that Popper (1959) " denies the existence of any

verifimtion procedure at all. Instead, he emphasizes the importance of

falsifimtina, i.e., of the test that, because its outcome is negative, neces-

itates the rejection of an established theory." This negativist attitude

does not appear conducive to the creation of a. concensus among

relevant experts that n 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

t..heory and data) were ground for theory rejection, all theories ought to

be reiected at all times. On the other hand, if only severe failure to fit

justifies theory rejection, then the Popperians will require some criter-

fort of *improbabilty' or of ' degree of falsification.' In developing one

ther win almost certainly encounter the same ... difficulties that ha[ve)

haunted the advocates of various probabilistic verification theories ...

probabilistic theories disguise the verification situation as much as

they HIuminate it."



- _ _ _ - _ _ - - _

,

i 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 better, leading to the adoption of the new theory or

model by the majority of scientists as valid.
.

In Kuhn's opinion, "it makes little sense to suggest that verification

is esta.blishing the agreement of fact with theory. All historically

significant theories have agreed with the facts, but only more or less."

However, "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 between alternative heterogeneity

patterns in a given aquifer flow model, by Samper and Neuman (1989)

to select between alternative spatial covariance structures of hydrochem-

itaI and isotope data from the Madrid Basin in Spain, and by Carrera

and c.aworkers to formally test the justification for including matrix dif-

fusion and other phenomena in models of transport to reproduce labo-

ratory data from Harwell in England under INTRAVAL Case 1.

l

.
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Kuhn (1970): "Few philosoph rs of science still seek absolute criteria.e
'

- 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-

prises to those whose frame of mind is set by the currently accepted

theory 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 observations and experiments becomes

weighty enough to cast doubt-on the validity of the existing theory or

modeI,. ettempts are made to modify or-replace them by a new theory

or model which possess a broader range of validity. This is presently

happening to fundamental theoretical and modeling concepts rel-
"

ated to fluid flow and contaminant transp6rt in complex geologic

media _

.

. s i.--w v y
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There art -numerous. attempts to replace the established theoretical-

framekork of 0"$ngeology in strongly heterogeneous media with a

There is un urgent need to confirm or deny (throughnew.one.

" confirmatory research") many of the key new concepts (discrete

fracture models, stochastic continuum models, channel models, .

effective flow and transport parameters, pseudolunctions for

unsaturated flow, scaling ideas) by conducting large-scale, long-

term field experiments of the kind presently carried out or planned by

some participants of INTRAVAL.-

Some existing theories and models which make up components of cur-

ter PA models are expected by leading groundwater scientists to fail

- when applied outside their experimentally established range of validity.
-

,,

This.shonId 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-

j 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 pubtle confidence in the safety assessment process to a suffi-

. cient degree cc that public acceptance is compromised.

.

L__ '- ---s- e. .__m _m av-_- - . _ _ . _ , _ , , , , _ . _- m y_ n w--. y 9 -, _. ., ,g__. , .,.,_ ,.,.p._ r.. g__ y.
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Near-Field versus Far-Field Model Validation
*

and the Concept of Robustness

McCombie et al. (1990) consider the NAGRA model of the [ saturated)
'

near-field to be relatively robust in providing " confidence that the res-.

,

ults are eitker correct ... or ... overpredict detriment" so that "any

errors either will have little effect on performance or will be on the

conservative side ... A robust model would be a simulation of well-
~

understood processes in which the required databases are well der-

'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, varia,tions 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 of results lie well'below defined targets. A robust model with no-:

excessive demands on validation results from a combination of a

- simpIe system (not simple modell) with large reserves _ of perfor-

ma.nce and a conservative approach to choice of models and data."

The repository can be " design [ed] for robustness by lowering wastet

inndings or increasing storage times before disposal."'

|
|

l
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McCombie et 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 exterisive that it is more
difficult to achieve sufficient data ' density'."

.

cNiederer _(1990)1 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."

_ _ -. -- . . . . . - . - . . . --- -,
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Eisenberg (1990) adds that "the time periods for the application of repo-

sitory performance assessment models are so long ... that direct com-

parison of system performance with model prediction cannot be accom- 4

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
.

Emitations apply to both the boundary 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 adyaced enough to assure a

basis of a priori knowledge sufficient to produce valid models by<

deductive reasoning."

|

This underlines (McCombie et al.,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

Iack validity.
,

.
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* Performance Assessment of Engineered Versus !,

'

Natural Repository System Components

|-

i

PA is-a useful concept when applied to the design of man-made sys- i

i

tems such as nuclear reactors and engineered portions of a repository.

The inclusion of a non-engineered geologic environment in the

definition 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 '
i

*

L 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
-

analysis of environmental response. Such transferability has not

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

!
,

|

|

| !
'
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| Groundwater flow and transport models have never been validated aga-
'

inst observed or experimental behavior of the natural system over time-

spans Ionger than a 'few- years (maximum decades) and spatial scales

larger than a few hundred meters (maximum a kilometer or two, both

in highly 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
'

unsaturated fractured tuffs have never been validated at all.

.

Some current DOE and NRC research effort is directed toward develop-,

ing such models and validating them on extrem,ely modest temporal

and spatial scales. There is virtually nothing to indicate that the-

best -available models can be relied on to simulate groundwater

flow 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

never be validated on any but relatively modest spatial and tempo-

raI scales. Can anything- be done so experts and the public

become convinced that geologic disposal of spent fuel and high

Ievel radioactive wastes is safe?
,
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Role of Geosphere Flow and Transport Research
,

I

| 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 (given considerable credit) for waste isolation oth-

erwise the con:ept of deep geological disposal may lack both

' rational and economic justification.

What. strategy then must the DOE and NRC adopt to help resolve the

difIIcuhy in validating (i.e., rendering credible) the geosphere compo-

cents of safety assessment models? I 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 et al.,1990) "to

aim for " absolute truth' or for perfect accuracy ... the best possible

understanding of system behavior and a realistic modelling of important

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

The only way that scientific substance can be improved is through

a weII-funded, vigorous and rigorous research program which gra-

dually expands the domain of present knowledge in areas critical to
|

model validation, primarily geosphere flow and transport where sci- l

entific concensus seems most lacking.
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The priniary focus of DOE and NRC research should be on experi-

I mentai and theoretical issues related to safety assessment on which

expert concensus is presently lacking ~. Such studies may confirm or

deny the validity.of current performance assesment models or some of

their key components, hence they fall well within the purview of

NRC " confirmatory research." However, many 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 U.S. Without pursuing a more vigorous effort to

resolve these issues, there is little hope for a concensus among

hydrogeologists and groundwater scientists that current models of

flow and transport in fractured tuffs, not to speak particularly of

Yucca Mountain, are reliable. Without such a, . concensus, there is

IIttIe hope for public confidence and therefore a greatly reduced pi .s-

pect for defensible licensing.

A major prerequisite for public acceptance of government decisions

about a high-level repository is that the agencies can back them with

demonstrably excellent science and technology; a mature public may

support such decisions even in the face of unresolvable uncertsinties,

duIr acknowledged. The same public may be justified in rejecting such

Mdons if they are based on less than what the best science and tech-

nology of the day could potentially deliver given adequate government

support and encouragement.
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1Thosnotibn that DOE -and NRC research.on geosphere flow and

trans[ ort should be driven by needs perceived'on the basis of per-

formance assessment' models 'is highly problematic, it is true that

certain performance: measures, when calculated on- the basis of existing .

-PA modelsc may appear robust by being insensitive to some processes

or psrameters- built into these models. This, however, should not be

sufficient ground for the dismissal of such processes and parameters as

unimponant or undeserving of serious research.
.

First, performance measures may change in the future due to a re-eva-

Iuation. of, or challenges to, current rules (groundwater travel-time is a-

highly ambiguous performance measure which is being justly criticized

as Iacking'in scientific rationale).
,.

Seco' d, unless the processes and parameters in question are well und-n

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 is not merely the result of-a misconception on the '

L
part of the modeler. One such common misconception is that cumula-

I tive rat =* to the accessible environment is insensitive to radionuclide
|

. dispersion in the host rock and hence the process of dispersion need

.not be seriously researched.
|-
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4n' stead of subordinating research on geosphere flow and transport

to lictnsing needs perceived on the basis of PA models, the case of

model validation (anti hence licensing) would be better served if

such research was to 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

time frame to satisfy licensing User Needs; rather, they are geoscience

problems 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 operations 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 fundamental issues which hamper concensus

g among scientists about the nature and quantification of geosphere

flow and transport phenomena.

I

|
|
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