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US Nuclear Regulatory Commission DEC (5 4-'
Advisory Committee on Nuclear Waste
Washington, D.C. 20555

Dear Ms. Deering,

This letter is in response to the questions faxed to me on December 7, 1994 with regard to the use
of isotopic methods of estimating ground-water wavel time (GWTT). Below you will find short
- and ::ncxstl:e answers to the g&ﬁo& pgiecg&l:m Hinze. For more detail on these issues [ refer
you to my letter report on to R ing group meeting and my trip report on th
-, DOE/NRC technical exchange oo GWTT, In addition the followdng?hgscussioz :gst make an ’
assumption regarding the NRC GWTT rule, its interpretation and application of a multiple barrier
concept in general. That assumption is that the NRC will regulate on the fastest path of likely
ground-water travel regardless of the significance of that path in terms of total system
perfarmance. This assumption is consistent with the views expressed by the NRC at the
DOE/NRC technical exchange, with previous written carrespondence from the NRC to DOE, and
coasistent with my understanding of the inteat of this part of the multiple barriers concept.

Question 1. Is it likely that isotopic methods of dating ground water will be sufficiently credible
:1h9a;7 tgwy willprovide believable information on GWTT at Yucca Mountain by 1995, 1996, and
Answer: [sotopic methods of dating ground water have already provided the most valuable
information gathered to date with respect to the fastest path of likely ground-water wravel (i.e., the
GWTT issue) in terms of: 1) demonstrating that rapid paths are not only “likely” but do exist &t
Yucca Mountain; 2) refuting previous DOE conceptual models of matrix only or composite
porosity; 3) finally getting DOE to seriously look at the potential for fracture flow and; 4)
beginning to put actual values to what the travel time of ground water could be.

Question 2. If isotopic methods are not going to be available are there alternative credible methods
for ascertaining GWTT, and if so, what data are required? '
Answer: As I stated above, I believe isotopic methods are currently available that provide credible
informarion of potential GWTTs. However, prior to discussing other potential techniques let me
state that the I believe the only possible and the only necessary estimate of GWTT is one that can
be used (o state that the fastest path of likely ground-water travel is less than or greater than 1,000
years. In other words, I do not believe estimates of the actual GWTT from the edge of the
disnurbed zone to the accessible environment will ever be available. In lieu of measurements of the
true GWTT, isotopic methods provide the most direct and most credible esimates of what the
GWTT could be. ' _
I am aware of two general alternative methods of estimating GWTT. These are: 1) estiration of

" the GWTT from measurements of hydraulic properties and driving forces and; 2) estimation of
GWTT in an average sense from calculations of water balance. Estimation of GWTT from the
first method requires detailed measurements of hydraulic conductivities and effective porosities at
various conditions of saturation and over a large spatial domain and measurements hydranlic
potentials over large spatial domains and unknown temporal (the response time of fluid pressures
in fractures is unknowa anoc},may be unknowable) c!omain.';.‘h!s Given the non-linearity ocfhumawd
flow and the large de beterogeneity at the site, thi uires extepsive data that, in

ge degree gencity approach req ﬂ{g ﬁ:ﬁw,ﬁso
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my opinion) can not be collected in the next several years. In addition, this approach has a much
more serious problem. That is, this approach is oaly as good at the conceptual models upon which
the dara are collected and analyze. One only need t note that previous data collection and previous
and current modeling efforts are based on cancepmal models that have been invalidated by the
isotopic measurements. Or another way o look at: if the isotopic medsurements were never made,
the project could have goae to licensing with estimates of GWTT that significantly overestimate

the potential GWTT. The second alternative method of estimaring GWTT is to calculate a net
water balance for the mountain and equate the average net infiltration with the a ground-water flux
rate which in turn is used to calculate a GWTT. This method requires measurements of fluxes at
the carth surface including precipitation, evapotranspiration, and runoff as & function of space and
time. Besides the very difficult problems of measuring the vertical flux of water upward from the
land surface (included in the evapotranspiration), the heterogeneities below the land surface may
control the local fluxes in such a way as to make this average estimate meaningless.

Note that ground-water flow models attempt to use information from both methods to estimate
GWTT and in that sense benefit from the measurement made for each. However, ground-water
flow models also share the problems of both methods and are totally dependeat on the adequacy of
the conceptual model they are based on. .

In summary, I believe the isotopic methods provide the only direct evidence and the most reliable
estimates of GWTT. Given the results of isotopic measurements to date, I believe the DOE needs
to demonstrate that the horizons below the repository are significantly different from those
between the land surface and the points of isotopic measurements because those measurements
indicate that the site would violate the GWTT rule. If you have any further questions or would like
me to clarify any of the points made hercin please call at 505-848-0754.

Sincerely,

“Puud A Do

Paul A. Davis
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NRC ACNW MEETING
QOctober 18, 1994

Following are some commeats on yesterday's ACNW meeting. [ was only able 10 attend the last
talk of the morning and the afternoon session because my plane was late leaving Albuquerque.
These comments only touch on issues that [ feel are important and may require further inquiry by
d'xe ACNW. The comments are very rough in nature as they are my direct notes from the meeting.
{)‘}15? available the rest of the week for clarification and after that you can reach me at 505-848-

October 18, 1994

1)ACCELERATED PROGRAM ISSUES

e The USGS says they will have incomplete knowledge at the time a decision on site suitability
will be made but they believe that more knowledge is required and are planning to collect it.
On the other hand, they say that they will have enough knowledge that they wouldn’t change
their mind on site safety with increased studies. The obvious question is then why take mare
data after the site suitability decision? .

o TSPA mode! is driving force - not site safety or compliance.

e Accelerated schedule was based on an unknown combination of scope changes, resource
increases, and increased efficiency. The statement was then made that “Increased risk is the
cost of acceleration” — what does this mean and how is it quantified? Given that compliance is
basedonapmbabﬂisdcﬂskassessnmtmismmasedﬁskshouldbc(andis)qumdﬁablc.

e  Ghost Dance Fauls will ot be characterized before site suitability decision must be made. This
appears on the surface to be a fatal flaw. ,

o There is still no definition of “necessary” data. Is it necessary for compliance, for scientific
understanding, or for some other purpose? .

e The statement was made that the problem will be “bounded” at the time of the decision.
Howevez, 1) one must have knowledge of reality to bound the problem(therefore you must
have sufficient characterization acconmmplished); 2) bounding total releases for a non-lincar
problem is difficult if not impossible and; 3) if they successfully bound the problem and the
results show compliance with the regulatioas then why continue site characterization beyond
that ime? .

e Statements ofwhattheycanmdmnno:takew‘l‘sslmill-dcﬁned. non-quantitative and
therefore of little value ( for example: “ good understanding”™, “knowledge of framework”,
“probabilistic understanding™).
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2) APPROACH TO ACHIEVING REASONABLE ASSURANCE (this should also be
equivalent to defining when site characterization is complets)

o :‘lh;c owzruallh:pptola:gch based on measuring and predicting REALITY. Statements made
ng this line include - ‘we will be happy when we “predict” stratigraphy “accurately” before

we drill’, - ‘I will have a warm fecling when we “predict” the hydmlogic:y paramctersyaz each
grid block before we measure them’. In fact what is being proposed is that reasonable
assurance will be had when the project feels that they can reasonable “predict” a few
independent model parameters and even fewer depeadent parameters --- where all of the
dependent parameters are very indirectly related to regulatory quantities of interest (pressures in
the unsaturated zone for example). :

"o There are two fundamental problems with this approach oae having to do with relation
between this approach and regulatory compliance and the other related to the tachnical and
programmatic aspects of the implementation of the approach.

¢ The first problem is that there is no direct (or it appears indirect) connection between the
level of uncertainty that is acceptable for “predicting” measured values and regulatory
compliance. The regulations that guide this work are probabilistic in nature and do not
assurne any unacceptable levels of uacertainty. In fact little knowledge may be required for
unimportant parameters whereas less uncertainty may be acceptable for important
parameters. Furthermore, the only context to determine importance is through
assgsﬁncnts of compliance (PA) - not by comparisons of predictions of independent
variable.

e AsIunderstand it, the approach is based on estimating the value of & parameter and the
variance of that value at a location proposed for future measurement and then measuring
the value at that location and evaluating whether or not the measured value falls within the
range predicted. There are numerous technical problems with this approach. These
include:

¢ how do you determine what level of “accuracy” is acceptable and whom judges

adequacy?
¢ the method of quantifying the uncertainty is not independent of the data, therefore,
¢ if the data are incomplete with respect 1o being able to reliably quantify
uncertainty, then the estimate of uncertainty is wroag
¢ {f the data are complete with regard to estimating uncertainty, then you may be
done depending on the results of compliance assessment and this approach
would not be able to provide you that information
e given that the reliability of the uncertainty estimates will be unknown then the .
following problems arise: , \
¢ if the method overestimates uncertainty, then the analysts will be
overconfident
e if the method underestimates uncertainty, thea the analysts may ncver
be confident and should have beert. _
o -ALSO -- the estimates of uncertainty should be continually decreasing and
therefore may be impossible to meet by definition

Qo003
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3) APPARENT DRIVE TOWARD A DETERMINISTIC UNDERSTANDING OF YUCCA
MOUNTAIN

The following statements were made that, along with the approach to reasonable assurance o
outlined above, indicate that the USGS is sriving for & “deterministic™ understanding of the Yucca
Mountain hydrology:

e ‘won't have detailed “deterministic™ knowledge of infiltration under FUTURE climatic
conditions’. (no one will ever have a deterministic knowledge of the future)

e ‘we'll have to rely on & probabilistic understanding for site suitability’

¢ -’always will have discomfort with the amount of data because of the scieatist in me’ (does
this indicate that reasonable assurance is impossible?) '

e ‘there is a probability of 1 that a fast pathway exists or will exist with change in climate’
(this infers total knowledge of the site with no uncertainty )

The problem with this approach is that a “deterministic™ understanding is neither possible or
necessary for compliance with a probabilistic standard that contains & provision for ‘reasonable

assurance’.
[ ]
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- COMMENTS BY THE STATE AND PUBLIC
“fmy comments about these statements are in italics)

1. long-term performance will be based on ua:e data

2. pcxfo;um confirmation is not met to be an extended site characterization - ( [ agree with this
point, ‘

3. NAS review process is not an adequate for making the site suitability decision because the
process is closed to the public, in fact DOE (Hazel Oleary) has proposed guidelines that the
NAS couldn't meet for public involvement

Affected Units of Local Government
=Stan Simms -- Geotechnical Concerng

-
-

¢ ' the stated goal of this group Is to protect human health and the environment. However, in
their eyes this does not appear to be equivalent to achieving regulatory compliance. The
problem then become what is a sufficient demonstration of safesy and who decides.

® they appear to be doing some data collection away from the Site in the saturated zone - Is the
QA up to YMP standards? They are working with DOE to develop consistent procedures but
what about recordsitraining etc.? In the end, can DOE and NRC use the data?

¢ “TRW jobs should be here” not Virginia

¢ site suitability is not licensibility )

Geotechnical Issues Include: Future Climate, erosion, seismic hazards, pneumatic pathways,

and volcanism, however the speaker never stated his concerns. Namely, is he concerned with

these as technical issues (if so, we all are - so what?) or is he concerned that the DOE is not

adequately addressing these concerns (if so then he should be specific - data collection Vs

performance assessment for example) or is he concerned that the NRC is not paying enough

attention to these tssues (if so he should specify what he wishes NRC to do)

Soci ic [
e only looking at the negative impacts which seems a little disingenuous given that has legalized
gambling and prostitution along with having above and underground nuclear explosions in
. the past (while the tourist economy grew!) .
e what's the poins of this talk? Which of the following inferences could be made?
-we wanz to stop YMP
-we want to be part of the process (i.e., keard)
-We want money from DOE

is the infrastructure adequate? : :

whar's the point? {f not adequate fix or DOE will rely on inadequate raitways?
Public trust and confidence is the key

how much does it cost?
Hiroshima syndrome - public more worried about auclear

-in a siate that had above ground testing? _
Seems to be worried that the new program direction will shart change or not address important
issues ,
e Concemed that the DOE implementation of NEPA will not allow for public input which

shows an incredible amount of distrust since public involvement is at the heart of NEPA
¢ NRC transporation regulations may not be “appropriate”

Q007
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NRC ACNW MEETING
e v OCtObe!' lso 1994

- Following are some comments on yesterday's ACNW meeting. I was only able to attend the last
walk of the moming and the afternoon session because my plane was late leaving Albuquerque.
These comments only touch on issues that [ feel are important and may require further inquiry by
tl}e ACNW. The comments are very rough in nanure as they are my direct notes from the meeting.
‘I)_}lsge available the rest of the week for clarification and after that you can reach me at 505-848-

October 18, 1994

1)ACCELERATED PROGRAM ISSUES

¢ The USGS says they will have incomplete knowledge at the time & decision on site suitability
will be made but they believe that more knowledge is required and are planning to collect it.
On the other hand, they say that they will bave enough knowledge that they wouldn’t change
their mind on site safety with increased studies. The obvious question is then why take more
dat after the site suitability decision?

o TSPA model is driving force - not site safety or compliance.

e Accelerated schedule was based cn an unknown combination of scope changes, resource
increases, and increased efficiency. The staternent was then made that “Increased risk is the
cost of acceleration” ~ what does this mean and how is it quantified? Given that cornpliance is
based on a probabilistic risk assessment this increased risk should be (and is) quantifiable.

e Ghost Dance Fault will not be characterized before site suitability decision must be made. This
appears on the surface to be a fatal flaw.,

o There is still no definition of “necessary” data. Isitn&emryforcompﬁance.forscienﬁﬁc
understanding, or for some other purpose? ,

¢ The statement was made that the problem will be “bounded™ at the time of the decision.
However, 1) one must have knowledge of reality to bound the problem(therefore you must
have sufficient characterization accomplished); 2) bounding total releases for a non-linear
problem is difficult if not impossible and; 3) if they successfully bound the problem and the
results show compliance with the regulations then why continue site characterization beyoad
that time? . :

e Starements of what they can and can not take to TSS are ill- defined, non-quantitative and
therefare of little value ( for example: “ good understanding”, “knowledge of framework™,
“probabilistic understanding™).



12/18/94 15:45 9505 8480764 SNL 8331 / 8307 ‘ 2009

2) APPROACH TO ACHIEVING REASONABLE ASSURANCE (this should also be
equivalent to defining when site characterization is complete)

e The ovefal.l_ approach is based on measuring and predicting REALITY. Statements made
a.long_th;:s line include - ‘we will be happy when we “predict™ stratigraphy “accurately” before
we drill’, - ‘I will have a warm feeling when we “predict” the hydrologic parameters at each
grid block before we measure them’. In fact what is being proposed is that reasonable
assurance will be had when the project feels that they can reasonable “predict” a few
independent model parameters and even fewer dependent parameters —- where all of the
dependent parameters are very indirectly related to regulatory quantities of interest (pressures in
the unsaturated zone for example). :

e There are two fundamental problems with this approach ene having to do with relation
~ between this approach and regulatory compliance and the other related o the technical and
programmatic aspects of the implementation of the approach.

o The first problem is that there is no direct (ar it appears indirect) connection between the
level of uncertainty that is acceptable for “predicting” measured values and regulatory
compliance. The regulations that guide this work are probabilistic in nature and do not
assume any unacceptable levels of uncertainty. In fact little knowledge may be required for
unimportant parameters whereas less uncertainty may be acceptable for important
parameters. Furthermore, the only context to determine importance is through
asa.:as;mnts of compliance (PA) - not by comparisons of predictions of independent
v e

¢ Asunderstand it, the approach is based on estimating the value of 8 parameter and the
" variance of that value a a location proposed for fufiire measurement and then measuring
the value at that location and evaluating whether or not the measured value falls within the
ranlf‘cdcpredxcwd. There are numerous technical problems with this approach. These
include: '

e how do you determine what leve! of “accuracy” is acceptable and whom judges

adequacy? -

e the method of quantifying the uncertainty is not independent of the data, therefore,

e if the data are incomplete with respect to being able to reliably quantify

, then the estimate of uncertainty is wrong ‘

e if the data are complete with regard (o estimating uncertainty, then you may be
done depending on the results of compliance assessmeat and this approach
would not be able to provide you that information

. giveqmnﬂrrdiabiﬁtyof&wuncataimyesﬁmamwﬂlbemknownmcnthc
following problems arise: _

o if the method overestimates uncertainty, then the analysts will be
overconfident

¢ if the method underestimates uncertainty, then the analysts may never
be confident and should have been )

¢ -ALSO -- the estimates of uncenainty should be continually decreasing and
therefore may be impossible to meet by definition
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3) APPARENT DRIVE TOWARD A DETERMINISTIC UNDERSTANDING OF YUCCA
MOUNTAIN

The following statements were made that, along with the approach to reasonable assurance
outlined above, indicate that the USGS is striving for a “deterministic™ understanding of the Yucca
Mountain hydrology:

¢ ‘won't have detailed “deterministic™ knowledge'of infiltration under FUTURE clirnatic
conditions’. (no one will ever have a deterministic knowledge of the future)

¢ ‘we'll have to rely on a probabilistic understanding for site suitability’

e .‘always will have discomfort with the amount of data because of the scientist in me’ (does
this indicate that reasonable assurance is impossible?)

e ‘there is a probability of 1 that a fast pathway exists or will exist with change in climate’
(this infers total knowledge of the site with no unceruinty )

The problem with this approach is that a “deterministic” mdamndmg is neither possible or
necessary | for compliance with a probabilistic standard that contains a provision for ‘reasonable
assurance’.

-
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;. long- pafo:mnnoe will be basedonimdequam

3.

"~ COMMENTS BY THE STATE AND PUBLIC
{my comments about these statemenss are in italics)

Fronposed PrOSIAm AD

qus:

pai't'mo;-mance confirmation is not met o be an extended gite characterization - ( [ agree with this
po .

NAS review process is not an adequate for making the site suitability decision beceuse the
process is closed to the public, in fact DOE (FHaze! Oleary) bas proposed guidelines thatthe -
NAS couldn’t meet for public involvemeat :

Affected Units of Local Government
San Si Gootochnical C

the stated goal of this group Is to protect human health and the environment. However, in
their eyes this does not appear to be equivalent to achieving regulatory compliance. The
problem then become what Is a sufficient demonstration of safety and who decides.

they appear to be doing some data collection away from the site in the saturated zone - Is the
QA up to YMP standards? They are working with DOE to develop consistent procedures but
what about records/training etc.? In the end, can DOE and NRC use the data?

“TRW jobs should be bere” not Virginia '

site suitability is not licensibility

Geotechnical Issues Include: Futare Climate, erosion, seismic hazards, pneurnatic pathways,
and volcanism, however the speaker never stated his concerns. Namely, is he concerned with
these as technical issues ({f s0, we all are - so what?) or Is he concerned that the DOE is not
adequately addressing these concerns (if so then he should be spectfic - data collection Vs
performance assessment for example) or is he concerned thas the NRC is not paying enough
antention to these issues (if so he should specify what he wishes NRC to do)

Soci ic]
only looking at the negative impacts which seems a little disingenuous given that has legalized
gambling and prostitution along with having above and underground nuclear explosions in
the past (while the tourist economy grew!) . ,
whay's the point of this talk? Which of the following inferences could be made?

-we want to stop YMP '

-we want to be part of the process (i.e., heard)

-we want money from DOE

is the infrastructure ?
whar's the point? {f not adequate fix or DOE will rély on inadequate railways?
Public trust and confidence is the key
how much does it cost?
Hiroshima syndrome - public more worried about nuclear
-in a staze that had above ground testing? . '
Seems to be worried that the aew program direct n will ghort change or not address important
issues
‘Concerned that the DOE tnmplementation of NEPA will not allow for public input which
shows an incredible amount of distrust since public involvement is at the heart of NEPA

NRC transportation regulations may not be “appropriate”



