UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

September 20, 2000

Dr. Ivan Itkin

Director

Office of Civilian Radioactive Waste Management
U.S. Department of Energy

1000 Independence Avenue, SW

Washington, DC 20585

Dear Dr. Itkin:

On behdf of the Nuclear Waste Technica Review Board, | extend our appreciation for
the presentations made by your staff and contractors at the Board' s mesting last month in
Carson City, Nevada. We were especialy pleased that you were again able to attend the
meseting and address the Board. The main focus of the meeting was totd system performance
assessment for ste recommendation (TSPA/SR), and we gppreciate your staff’ s willingnessto
present and discuss the preliminary results of the calculations that are the bases for estimates of
repository performance in models being developed for the TSPA/SR. The presenters were
very respongive to the Board' s requests for information and hel ped make this one of the most
informative meetings the Board has held over the last few years. We would like to single out
Claudia Newbury of your gtaff for her contributions to this meeting and other DOE-Board
interactions.

The comments enclosed with this letter provide the DOE with the Board' s views on the
datus of the program a atime when changes can be made that will strengthen the technica and
scientific bases for a DOE decison, scheduled for July 2001, on whether to recommend the
Y uccaMountain Ste. The Board notes that most of the key issues discussed in the letter
(extrapolation of corrosion rates, modeling coupled processes, andyzing dternative repository
designs, developing multiple lines of evidence, quantifying uncertainty) have been raised by the
Board in previous letters and reports to the DOE. The Board aso notes that in several areas the
DOE has made sgnificant progress since the 1998 viability assessment—e.g., substantial
improvements have been made in performance assessment capability, integration has increased
sgnificantly, new and better models have been developed, and new and important data are being
collected.

There remain many areas where improvements are needed, however. The Board is not
convinced that the range of experiments and andyses carried out by the DOE is broad enough to
describe, or even bound, al relevant coupled processes in the near-fidd environment affecting
the engineered barrier system. Furthermore, because the understanding of fundamenta corrosion
processes s limited, extrgpolation of corrosion rates determined from short-term (severd years)



experiments to predict waste package performance over tens of thousands of yearsis a subject of
concern. Extrapolations based on assumptions about the fundamental long-term mechanisms

that affect the passve layer critica to the corroson resistance of Alloy 22 may be suspect.
Although the Nye County Early Warning Drilling Program has yielded improved

hydrogeologica information, substantia uncertainties persst. Furthermore, it is not clear to the
Board how the program plans to incorporate or reflect new data and andyses that are obtained in
the next year or 0 in its Site recommendation.

In its March 20, 2000, letter to you, the Board discussed the importance of proper
treatment and estimation of uncertainties. Severd suggestions were made to assist the DOE
inthistask. We are encouraged by the efforts made thus far and presented at the meeting,
but we aso offer the caution that additiona efforts are needed before a case can be made that
uncertainties are estimated in atechnicdly credible manner. The Board bdievesthat the
quantification, analys's, integration, and communication of uncertainty need to be addressed
in amore rigorous manner than shown in the presentations at the Board mesting. Any
projection of repository performance will be incomplete unless the DOE dso provides a
description and ameaningful quantification of the level of uncertainty associated with its
predictions.

The Board has strongly endorsed the DOE s efforts in developing multiple lines of
evidence to congtruct a“ safety case” for the proposed repository. However, the Board believes
that the evolving Repository Safety Strategy (RSS) does not yet substantidly increase confidence
that arepogtory at Y ucca Mountain will perform as anticipated, because amgority of the
components of the RSSare all dependent on performance assessment. In the Board' s view,
multiple lines of evidence that are not subject to the same limitations of performance assessment
are needed to increase confidence in performance projections.

Recently, the Board answered questions from Representative Joe Barton following the
Board' s June 23, 2000, testimony before Mr. Barton’s Subcommittee on Energy and Power. In
its answers, which also are enclosed, the Board noted that, on the basis of information it has
reviewed to date, the Board believes that the technical basis for current long-term projections of
repository performance has critical weaknesses. These projections and their associated
weaknesses reflect in part the DOE' s “base case” (above-bailing) repository design. Although
the site may merit a positive recommendation, the DOE has not yet demongtrated—for the base-
case design—afirm technica basisfor such aconclusion. Asthe Board pointed out in its July
1999 |etter to Lake Barrett, who was at that time Acting Director of the program, some of the
current large uncertainties about waste package and repository performance are directly or
indirectly related to the high (i.e., above-boiling) repository temperatures associated with the
current base-case design. Other uncertainties are related to alack of fundamenta understanding
about physical processes that will occur over thousands of years; redigtic predictions are
therefore very difficult to make.

The Board reiterates its observation that there have been substantid improvementsin
performance assessment since the viability assessment. We particularly appreciate the DOE's
willingness to discuss its preliminary caculations in an open and thoughtful manner. Addressng
the concerns we have discussed in this letter will help to make the TSPA/SR and the proposed
Repository Safety Strategy more useful and understandable to the scientific community and to
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the decison-makers involved in deciding whether to recommend devel opment of arepository a
Y ucca Mountain.

Sincerdly,

{Signed by}

Jared L. Cohon
Chairman

Attachments.

“Comments of Nuclear Waste Technicd Review Board

on Meseting of August 1 and 2, 2000, in Carson City, Nevada’
“Nuclear Wagte Technical Review Board Responses to
Questions for the Record from Mr. Barton, August 31, 2000”
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Comments of Nuclear Waste Technical Review Board
on Meeting of August 1 and 2, 2000,
in Carson City, Nevada

Total System Performance Assessment

The Board notes with satisfaction the subgtantial improvements made in performance
assessment capabilities Since the last iteration in 1998 for the viability assessment (TSPA/VA).
Integration has increased substantialy, and new and better model's have been developed,
induding the Ste-scale saturated zone flow-and-transport modd and the model relating the
presence or absence of water on the surface of the waste package to rative humidity at high
temperatures. New and important field data are being collected, for example, in the Exploratory
Studies Fecility (ESF), the east-west cross drift, the Nye County Early Warning Drilling
Program, and the Busted Butte fecility. Laboratory data dso are being collected, for example, in
the long-term-corrosion testing facility at Lawrence Livermore National Laboratory (LLNL).

In the following paragraphs, we provide detailed comments on TSPA and its specific
components. Carrying out a performance assessment for the proposed exceedingly long-lived
repogtory a Y ucca Mountain, including taking into account highly complex interactions
between the naturd and engineered systems, is an extremdy difficult undertaking. Asmight be
expected for such a chalenging project, our comments tend to highlight areas where
improvement is needed. They should not be interpreted as diminishing the significant progress
made in the last few years.

TSPA: General Comments

Efforts were made in the TSPA/VA and in the most recent performance assessment to
increase transparency, but additional work is needed. For example, the most recent performance
assessment and the latest version of Repository Safety Strategy contain sengtivity studies that
show the effect of “neutrdized” and “degraded” barriers. The differences between neutralized
and degraded barriers should be stated clearly and jutified. In addition, aclear explanation is
needed to justify why some neutralization analyses assume the complete remova of abarrier
while others, such as waste package neutrdization, assume only partid remova of abarrier.
Differences between the “nomind” and the “igneous activity” scenarios also need to be clarified,
and the rationale for separating these scenarios should be clearly stated and judtified. “Nomind”
may be a poor name for what usualy has been referred to as the “base case.” In addition,
presenting only the probakility-wel ghted igneous scenario is confusing. It would be much
clearer if the conditional results of the igneous scenario were presented and discussed both with
and without probability weighting.

The Board is concerned about the lack of formal peer review for the TSPA/SR. The peer
review pand convened for the TSPA/VA provided very useful comments and ingghts on that
andyds. Severd of their suggestions were implemented in the TSPA/VA and in the current
verson of the TSPA/SR. Areas where peer review would be particularly useful for Ste
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recommendation are statistics and uncertainty estimation. Evauation of the satistical techniques
used to estimate parameter ranges and the overall trestment of uncertainty could increase the
credibility of the conclusons drawn. At the meeting, the Board was told that a peer review (by
an internationa body) would be completed for license application. Unfortunately, important
nationa decisions, whose technical componentswill rest in large part on the TSPA/SR, must be
made for site recommendation.

TSPA: Commentson Specific Components

Program integration has improved, but problems till exist. Severd moddls were
presented that address coupled processes, including the mountain-scae thermal- hydrological
(TH) modd, the thermd-hydrologica-chemica (THC) modd, and the therma-hydrologica
multiscale modd. Determining how these coupled- process modd s interact with each other and
with other TSPA moddsis difficult. For example, the input to the isotherma seepage modd is
somewhat arbitrarily taken to be the fluxes predicted by the TH multiscale modd 5 meters above
the drifts. Because alarge amount of thermaly mobilized water is predicted to be present at this
location at the time of pesk waste package and drift-wall temperatures, seepage into the driftsis
predicted. Thisis contrary to the conceptua model that to a large degree provides mgor
judtification for an above-bailing repository design showing that heat would move water away
from the emplacement drifts when drift-wall and waste package temperatures are high. The
credibility of these analyses would be improved by a coherent narretive description of the
interrel ationships of the various process models and their abstraction for TSPA.

The THC modd predicts that coupled THC processes will have no significant effect on
flow in the unsaturated zone. The TSPA/VA peer review pand, on the other hand, observed that
aprecipitate cap could be formed by thermaly induced minerd deposits above the repostory.
Formation of such a cap would be important in determining how the repository environment
would change with time and how that would affect the digtribution and quantity of water flowing
through the repository. At the Board meseting, Y ucca Mountain scientists stated that the
assumption of minima THC effects on flow may be optimistic—that is, nonconservative. The
vdidity of the assumption that there are no THC effects on flow in the unsaturated zone should
be demongtrated in a scientificaly sound and defensible manner.

The DOE stated that radionuclide trangport in the unsaturated zone is not affected
sgnificantly by large changes in fracture aperture. The Board is puzzled by this statement, given
the known sengtivity of permeability to fracture aperture and the known sengtivity of
radionuclide trangport to permegbility. The DOE should examine the judtification for this
assumption more closdy. In addition, some assumed rock properties are supported by little or no
data. Examples are the dearth of information at the gppropriate measurement scae on intrindc
permegbility, variability of permesbility (including anisotropy), and input parameters needed for
the modds of active fractures and saturated zone diffusion.

According to DOE sengtivity studies, an important assumption affecting repository
performance is the value assigned to the coefficient for diffusion of radionudlides through the
invert to the rock immediately below the waste package. The DOE should evauate whether the
currently assigned diffuson coefficient may be too high (conservetive). If so, judtification for a
different diffuson coefficient not only would improve predicted repository performance but so
would alow a more robust estimation of barrier performance.
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The environment affecting the engineered barrier sysem (EBS) is critica to determining
the interactions between the natura and engineered components of the repository. Of particular
importance to the corrosion of the drip shield and the waste packages is the chemistry of water
and gasssinthe drifts. The Board is not convinced that the range of experiments and anayses
carried out by the DOE is broad enough to describe, or even bound, dl relevant coupled
processes in the near-fidd environment affecting the EBS. For example, the work done at LLNL
in the last few years to determine the changes in compasition and boiling point of synthetic 313
water as it becomes more concentrated via evaporation represents a magjor advancement in
knowledge. However, the Board is unaware of any work—theoretica or experimental—for
determining whether there are plausible fractionation mechanisms that could result in brines that
are disproportionately enriched in trace dements or that show significant compaostion
differences other than those anticipated to result from smple evaporation. Given the importance
of the EBS environment, the DOE should examine and evauate dl pertinent and important
chemicd interactions.

Because sengtivity and neutrdization studies indicate that the waste package may be the
most important barrier for containing and isolating radioactive waste, the data, models, and
assumptions pertaining to the waste package deserve specid scrutiny. There have been
ggnificant improvements in waste package data and models since the TSPA/VA. For example, a
magor advancement isthe modd relating the presence or absence of water on the outer surface of
the waste package to rdative humidity at temperatures above the boiling point. Smilatly,
LLNL’slong-term-corrosion testing facility (LTCTF) hasimproved the data set from which
corrosion rates are estimated.

Still, there are important gaps in understanding waste package performance. For
ingtance, the current TSPA modd for generdized corrosion of Alloy 22 is based dmost entirely
on corroson datafrom the LTCTF. These data were developed using Alloy 22 samplesin
comparaively dilute J 13-derived brines at temperatures no higher than 90°C. However, recent
experimenta and theoretical work carried out principally at LLNL shows that concentrated
brines could be present on waste packages at temperatures up to 120°C. The DOE must establish
that the water that will contact waste packagesis Smilar to (or bounded by) J-13-derived water
and ensure that the basis for predicting generdized corrosion rates at 90°-120°C is adequate.

The work for determining the temperatures and compositions a which water (with
dissolved components) could exist on waste package surfaces has been under way for only afew
years. Although progress has been made, the work should continue and broaden. For example,
work comparing J- 13 water and pore water from the repository horizon raises the issue of
whether they are sufficiently smilar so that J- 13- derived water can be used as areasonable
surrogate for water that will contact waste packages. This issue needs to be resolved.

Extrapolation of corrosion rates determined from short-term (severd years) experiments
to predict waste package performance over tens of thousand of yearsis asubject of great concern
to the Board. Long-term extrapolations may be suspect if they are made with little or no
understanding of the fundamenta mechanisms that either preserve or dissolve the passive layer
critica to the corrosion resstance of Alloy 22. Such understanding should be accompanied by
examples of long-term (archeologica-geological) protection by passive layersin aggressive
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environments. Currently “unknown” processes that could affect the long-term viahility of the
passve layer incude the following:

passive layer defect accumulation—that is, the passive layer encounters microscopic defects
asit swegpsinto meta

passive layer debris accumulation—that is, the long-term effects of corrosion products on the
passve layer

quasitranspassive dissolution—that is, if the open-circuit potential cregps up over time,
transpassive regimes may be approached, promoted by the high molybdenum content of
Alloy 22.

Severd groups, including those at VTT (Finland), the Center for Nuclear Waste
Regulatory Anayses, and The Pennsylvania State University, are investigating mechanisms that
could affect the long-term behavior of passve layers. The DOE should familiarize itsdf with
this work to improve the credibility of the extrapolation of long-term performance from short-
term data.

The waste form conggis of the radioactive waste itsdlf, cladding, and any encapsulating
or stabilizing matrix. Models of waste form degradation take into account severa important
consderations, including the radionuclide inventory, degradation of spent nuclear fud and high-
level defense wadte, cladding, radionuclide solubilities, and formation of colloids. Waste form
degradation determines the availability of radionuclides for trangport out of the EBS and into the
natural system after awaste package is breached. Asin other areas, there have been substantial
improvements since the TSPA/VA. Such improvements include better models for the
perforation and unzipping of Zircaoy cladding, radionudlide solubilities, and in-package
chemigtry. In-package chemistry (for example, pH, carbonate content, ionic strength, and
fluoride concentration) is particularly important because it will have alarge effect on waste form
degradation. Low pH in the first thousand years after waste package breach would result in a
relaively high solubility for neptunium, which is the prime contributor to long-term dose.

The modd that smulates colloid-facilitated trangport of radionuclides seems reasonable
but lacks sufficient data. Colloids are microscopic particles and other solids that can, and do,
move rapidly through groundwater systems. Colloids can be man-made, resulting from
corrosion of the waste package or the waste form itself, or they can be naturally occurring.
Examples of naturd colloids include organic humic substances, microbes, and inorganic
materids, such as clays, iron and manganese oxides, and some silicates. Colloids are important
in unsaturated and saturated zone trangport because severa important radionudides, induding
plutonium and americium, can attach (sorb) themsalves onto these microscopic solids. Recent
studies, such as those a the Nevada Test Site, have shown that colloids are present in larger
amounts than previoudy assumed. Data presented thus far are not adequate to form atechnical
basisfor smulating colloidal trangport. Recent performance assessments apparently assumed
that colloid concentrations leaving the waste form are determined by the availability and stability
of iron oxide. However, other studies have shown that sorbed plutonium is associated with
manganese oxide and smectite (aform of clay) rather than iron oxide. Basing colloidd-transport
coefficients on Ste-gpecific studies that consider the appropriate colloidal formsis needed for a
technically defensble prediction of radionuclide transport.
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Flow and trangport in the saturated zone determine the timing and rate at which
radionuclides reaching the water table beneath Y ucca Mountain travel to the ble
environment, currently defined as 20 km from the repository. Thisis an areawhere there have
been particularly important changes since the TSPA/VA. For example, in TSPA/VA, the DOE
relied on an extremey smple flow-tube modd to characterize flow and transport in the saturated
zone. The current approach makes use of athree-dimensond Ste-scale flow-and-transport
model for most radionuclides. Other changes include smulation of matrix diffusion and sorption
in the dluvium.

The Nye County Early Warning Drilling Program has yidlded improved hydrogeol ogical
information; continuation of that program will produce very vauable detaiin the future.
Unfortunately, substantia hydrogeologica uncertainties persst at present. Rock and fault
permeabilities (including anisotropy) remain to be measured at the appropriate scae for
numerical modd predictions. The vertical distance between zones of fracture concentration that
conduct fluid flow isacritica parameter for fracture-matrix diffuson cdculations. This
parameter has been quantified only in the 3 C-Well boreholes, located outside of the likely flow
paths from the repository footprint to the proposed compliance points downgradient. The extent
of thedluvid zone, a potentialy important contributor to repository performance because of its
ability to retard radionuclides, dill has not been defined adequately by fidd investigations. The
ared extent and magnitude of the upward gradient from the deep regiona carbonate aquifer
remain defined by only asingle datapoint. The use of the same dispersivity valuesfor dl rock
formationsis better suited to homogeneous rocks than to the rocks near Yucca Mountain. The
Board anticipates that the Nye County program can help to fill in many of these data gaps.

Biosphere moded s in the TSPA determine how the plant and anima communities take up
radionuclides that reach the accessible environment. A mgor change has occurred at the
interface between the saturated zone and the biosphere. In the TSPA/VA, radionuclide
concentrations in water were determined by calculating the concentration in water wells
penetrating specific locations in the saturated zone. The current gpproach Smply assumes that
al the radionuclides crossing a boundary 20 km from the repository are diluted by the amount of
water used by a hypothetica agricultural community. This agpproach lessens the need to
determine specific flow paths unless they change the time it takes for transported radionuclides
to reach the 20-km boundary. The Board notes, however, that this gpproach may be inconsstent
with the “representative volume” concept used by the U.S. Environmenta Protection Agency
(EPA) in its proposed standards for a Y ucca Mountain repository, 10 CFR Part 197. Consistent
with the EPA’ s proposd, the current gpproach assumes that future populations will be smilar to
present populations. This eliminates the need to predict changesin the communities surrounding
Y ucca Mountain thousand of years into the future, predictions thet are impossible to make
reiably.

One of the most interesting results from the current performance assessment is the
conclusion that igneous activity isthe only contributor to estimated dose during the 10,000-year
regulatory period. Thisis due to increased efforts in modding the consegquences of igneous
activity and to the assumption that, absent igneous activity, waste packages will not be breached
during the first 10,000 years. Modding the consequences of igneous activity includes two
igneous release scenarios. (1) eruption through the repository and (2) disruption of the waste
packages in the emplacement drifts, alowing greetly increased exposure of waste to water
seeping into the drifts. These scenarios involve many assumptions about the nature of igneous
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activity, the extent of waste package disruption, the transport of radionuclides through the
amosphere, and dose-conversion factors for atmaosphericaly transported radionuclides. Future
technical interactions between the DOE and the Nuclear Regulatory Commission on igneous
activity will, in large part, be devoted to examining the assumptions made by the DOE in its
consequence models. The Board will be examining the basis for the assumptions.

TSPA: Treatment of Uncertainty

Inits March 20, 2000, |etter to you, the Board discussed the importance of proper
trestment and estimation of uncertainties. Severa suggestions were made to assist the DOE in
thistask. We are encouraged by the efforts made thus far and presented at the meeting, but we
aso offer the caution that additional efforts are needed before a case can be made that
uncertainties were estimated in atechnicaly credible manner. The Board believes that the
quantification, analys's, integration, and communication of uncertainty need to be addressed in a
more rigorous manner than shown in the presentations at the Board meeting. Any projection of
repository performance will be incomplete unless the DOE aso provides a description and a
meaningful quantification of the level of uncertainty associated with its predictions.

The Board believes that meaningful quantification of the uncertainties associated with
performance, clearly and understandably presented, is essentid to provide policy-makers who
are deciding on a Site recommendation with critical information on trade-offs between projected
performance and uncertainty in those projections. The Board redizes that projecting long-term
performance of a potentid repository a Y ucca Mountain, or anywhere else for that matter, is
inherently associated with uncertainty. Eliminating dl the uncertainties will never be possible
(athough they can be reduced). In fact, the Board has noted that a decison on whether to
recommend the Site can be made a any time, depending in part on how much uncertainty policy-
makers are prepared to accept. Thetiming of the Site recommendation, of course, is clearly
beyond the Board' s charge.

At the Board meeting, we noted several issues that need further attention. For example,
the ranges of chosen parameters need further judtification. The use of performance assessment to
st these ranges by determining what “redlly counts’ may be of limited vaue because of the
dependence of this method on the specific models used. Sound evidence is needed to judify the
parameter range chosen. The number of “redizations’ to be used for uncertainty anayses
appears to have been determined somewhat arbitrarily. A more rigorous determination of the
optima number of redlizations would make the uncertainty andyses more defensible. We heard
a our meeting the preliminary results of sensitivity sudies amed at defining the effect of
changes in assumptions about models and input parameters. In some cases, it was difficult to
determine whether results were insensitive to some parameters because of the underlying physics
and chemidtry in the process models or because of smplifying assumptions used in the
abdractions. We redize that many of these studies were so new that the presenters did not have
aufficient time to evaluate them. Andysts and project scientists need to make the effort to do so
and, as gppropriate, modify them accordingly. Otherwise, they will be of limited use to
reviewers.

Andysis and integration of uncertainties are other topics of Board interest. The Board is

puzzled by the sharp decrease in uncertainty, as defined by the bandwidth of the Monte Carlo
smulations after 100,000 years. Uncertainty typicaly increases over time, but in the
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performance assessment analyses, this measure of uncertainty decreases. |If, as some maintain,
the decrease is due to the assumed failure of most of the waste packages by that time, an effort
should be made to demonstrate convincingly that thisisso. Asindicated previoudy, aclear
andyds of the contribution of uncertainty to the overall resultsis needed.

Another issue requiring further thought is the adoption of amix of consarvative, reditic,
and optimistic assumptions in models and parameters. for example, the “consarvative’ estimates
of diffusion through the invert and the “optimistic” estimate of the extent of THC coupling.
Determining the overdl leve of conservatism for amix of consarvative, redigtic, and optimigtic
assumptions will be very difficult. If the DOE wants to argue that the TSPA is consarvative, an
effort must be made to provide a defensible estimate of the overdl level of conservatism.

Findly, even if atechnically credible performance assessment is carried out, poor
communication can hurt the perception of credibility. An example of thisisthe potentia
confusion generated by the differences between the nomind scenario and the igneous scenario,
asdiscussed above. In contrast to the nomina scenario, the igneous scenario is heavily
influenced by the very low probability of the occurrence of igneous activity affecting the
proposed repository. This probability is about one chance in 100,000,000 per year. Much of this
confusion can be prevented if the differences between the two scenarios and the rationde behind
probability weighting are clearly explained along with a presentation and discusson of igneous
activity scenarios without probability weighting.

Ongoing Scientific Studies

Results of ongoing scientific investigations a 'Y ucca Mountain were presented at the
August Board meeting. Much significance was attached to certain observationsin the lower
lithophysa rock in the cross drift. These observations gppear to show greater capillary suction
and fracture permesbility and therefore lower seepage in the lower lithophysd unit then in the
middle nonlithophysa unit in the ESF. According to present plans, the lower lithophysa units
will house more than 70 percent of the waste packages. Based on other observations, a new
mechaniam explaining the minera deposits found in lithophysal cavities aso was proposed.
Both these observations and the related hypotheses are important in determining the ability of
water to seep into the drift. They need to be evauated carefully.

Access to the lower lithophysa unit is providing very useful information to the project.
We understand that some tests, including the therma test in the cross drift, are being deferred.
The Board urges the DOE to continue and complete ongoing studies, such as the crossover-drift
test, and Sart deferred testsin atimely manner. To findize arepogitory design and conduct a
convincing performance assessment, the DOE needs to know as much as reasonably possible
about the actua rocks within which the waste will be placed.

Fndly, a the May 1, 2000, meeting in Pahrump, Nevada, an independent study was
presented that apparently contradicted results from the origina study of chlorine-36 in the ESF
and the cross drift. The differences may be due in large part to differencesin sample processng.
No new results were presented at the August meeting. We understand that an effort is under way
to address the processing differences, and we look forward to resolution of the issue.
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Repository Safety Strategy

At its August meeting, the Board heard a presentation on the latest version of Repository
Safety Srategy (RSS). Although demondrating, in the conventiona sense, how a repository will
behave thousands of years into the future may not be possible, steps can be taken to increase
confidence in estimates of future performance. The Board has strongly endorsed the DOE’s
effortsin developing multiple lines of evidence to congtruct a“safety case’ for the proposed
repository. The DOE develops such a case in the RSS now being revised. The DOE’ s safety
case rests on six dements, or “pillars’:  performance-assessment caculations, safety margins,
defense-in-depth, explicit consderation of potentialy disruptive events, insghts from natura
andogs, and performance confirmetion.

In the Board' s view, the pillars of the RSSdo not yet satisfy the god of providing
multiple lines of evidence and do not subgtantialy increase confidence that arepository at Y ucca
Mountain will perform as anticipated. Four of the pillars—performance- assessmernt caculations,
safety margins, defense-in-depth, and andlyses of disruptive events—as currently presented are
not independent of each other. They are dl dependent on performance assessment. Thus, if one
lacks confidence in the DOE’ s performance assessment, oneis not likely to have much
confidence in any of the four pillars. The lagt two pillars of the repository safety case—naturd
andogs and performance confirmation—ar e independent of performance-assessment
cdculations. However, the DOE’ s eva uation of natura analogs so far has been minima, and
performance confirmation issmply a plan of activitiesthat will be subject to future budget and
time condraints.

The Board has endorsed the DOE' s use of performance assessment-cdculations, but it
has noted the limits of those caculations and has expressed doubt thet relying solely on them to
demondtrate repository safety will ever be possble. Multiple lines of evidence that are not
subject to the same limitations of performance assessment can increase confidencein
performance projections. The DOE’s safety case has not yet accomplished those important ends.

Finally, as part of its gpproach to demonstrating defense-in-depth, the DOE conducted
neutrdization andyses. The analyses show the effect on the calculated dose of neutrdizing or
removing different barriers. We point out above the need to dlarify this effort. \We also note that
auseful supplement to this approach would be to see the incrementd effect on dose of adding
individua barriers. In other words, the andysis would start off by estimating the dose, assuming
that the radioactive waste was lying exposed a the surface. Individua eements of the geologic
and engineered system then would be added, and resulting dose estimates would be cal culated
until the repository system reached its proposed form. Such an analysis could give interested
parties a clearer picture of how much each individua eement adds to repository performance.
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UNITED STATES
NUCLEAR WASTE TECHNICAL REVIEW BOARD

2300 Clarendon Boulevard, Suite 1300
Arlington, VA 22201

August 31, 2000

Honorable Joe Barton

Chairman

Subcommittee on Energy and Power
Committee on Commerce

U.S. House of Representatives

Room 2125, Rayburn House Office Building
Washington, DC 20515-6115

Dear Mr. Barton:

Enclosed are responses to the questions posed in your letter of July 20, 2000, to
Dr. Debra Knopman following her appearance before the Subcommittee on Energy and Power
on June 23, 2000. The Board provides independent advice on the technical issues associated
with the management of the country’s commercia spent nuclear fuel and defense hightleve
radioactive waste. The Board offersits technica viewsto help inform the larger consideration of
issues that faces the Department of Energy and the Congressin their evaluation of the suitability
of the Y ucca Mountain candidate repository ste.

The Board is keenly aware that many of the issues that must be considered in making
decisonsin this policy areaare technica ones, but others are not. Regarding Ste suitability, we
believe that Congress and the Secretary will find it useful to have our views on the adequacy of
current information to technicaly support a possible ste recommendation. As noted in our
responses, a Ste recommendation can be made a any time, depending in part on how much
uncertainty policy-makers are prepared to accept.

Please let me or the Board' s Saff know if we can provide you or your staff with any
additional information on the enclosed responses.

Sincerdly,
{ Signed by}
Jared L. Cohon

Charman
Enclosure



NUCLEAR WASTE TECHNICAL REVIEW BOARD RESPONSESTO
QUESTIONSFOR THE RECORD FROM MR. BARTON
AUGUST 31, 2000

1. Isthe Technical Review Board concerned that funding constraints are causng DOE to
postpone or skip critical technical analyses necessary to support the site recommendation
and licensing decisions? If so, please identify the specific areasthat are not being
addressed adequately by DOE.

The Board's congressiond mandate is satutorily limited to reviewing the technica and scientific
vdidity of Department of Energy (DOE) activities. Therefore, the Board has not examined the
details of DOE' s budget for Y ucca Mountain research or its funding alocations for program
operation, management, procurement, and contracting. Consequently, the Board cannot judge
the extent to which the Y ucca Mountain Site characterization and repository design activities
have been or will be congtrained by budget limitations. What is clear, however, isthat the

Board' s present understanding of a potentia repository located a Y ucca Mountain is affected by
many policy-related factors, including congressond appropriations, DOE’ s research and
program priorities, and statutory and administrative deadlines, aswell as the sgnificant

chdlenge of undertaking afirg-of-a-kind activity.

Because |ess than a year remains before the scheduled site-recommendation decison in July
2001, the amount of additiond scientific and technical work that can be completed by that date is
vey limited. Thus, the information avalable in July 2001 for a Site recommendation will in dl
likelihood not be appreciably affected by whatever budget Congress passes for FY 2001.
However, funding congraints in DOE’ s budget for FY 2001 and beyond could limit ongoing and
new work that might support a DOE license gpplication for repository construction.

The Board reviews the scientific and technical program asit is and makes its technica judgments
accordingly. On the basis of information it has reviewed to date, the Board believes that the
technical basis for DOE’s current long-term projections of repository performance has critica
weaknesses. These projections and their associated weaknesses reflect in part the DOE’'s * base-
case” (above-boiling) repository design. Although the Ste may, in fact, merit a positive Ste
recommendation, DOE has not yet demonstrated¥4 for the base-case design¥ afirm technica
bass for that conclusion.

Some of the current large uncertainties about waste package and repository performance are
directly or indirectly related to the high (i.e., above-bailing) repository temperatures associated
with DOE'’ s current base-case design. High temperatures increase the level, extent, and
sgnificance of the combined, or “coupled,” effects of therma, hydrologic, mechanica, and
chemical processes. Furthermore, the waste packages may be more vulnerable to corrosion at
higher temperatures if water is present. The Board bdievesthat it will be very difficult for the
DOE to improve subgtantidly its current understanding of these high-temperature effects during
the next year or two. However, it may be possible over the next severd months to reduce some
uncertainties, for example, by developing a defensible technica basis for alower-temperature

repository design.

NWTRB —con139 — 8/31/00 page 1 of 6



In addition to the effects of high temperatures, some uncertainties are related to alack of
fundamentd understanding about physical processes that will extend over thousands of years,
redidtic predictions are therefore very difficult to make. For example, the performance of the
waste packages over thousands of years has been extrapolated from afew years of corroson data
and too limited an understanding of fundamental corrosion processes. Findly, the

characterization of the hydrogeology below the repository horizon, dthough supported by some
data, continues to rest largely on inadequately supported hypotheses. As aresult, for example,

the flow and trangport of radionuclides in the unsaturated and saturated zones from the repository
to the accessible environment are poorly understood.

The Board bdlieves that significantly improving the fundamental understanding of these naturd
features and engineered barriers during the next year or two will be very difficult. However, the
Board bdieves that work in these areas is important and should continue. Because of the
complexity of the Y ucca Mountain site and the chalengesinvolved in extrapolating data over
long time periods, gaining such an understanding of these basic processes will take time.
Continued adequate funding of these long-term studies will be important.

2. Isit correct that the Technical Review Board is concer ned that DOE isnot paying
enough attention to the uncertaintiesinherent in therepostory’slong-term performance,
especially with respect to the “hot” repository design?

The persstence of subgtantid uncertainties has led the Board over the last few yearsto
recommend strongly that DOE develop a more technicaly defensible basis for making design,
dte-recommendation, and licensing decisons. In particular, the Board has recommended
intiation of fundamenta studies on long-term corrosion, evauation of aternative repository
designs, improved characterization of rock formations in the vicinity of Y ucca Mountain,
examination of radionuclide retardation in the unsaturated and saturated zones below the
repository horizon, evauation of colloidal trangport, and investigation of the effect of structures
and heterogeneities on water movement above and below the water table. DOE has responded to
many of the Board's suggestions, but it has not yet completed al of those sudies. Although the
Board is encouraged by the level of attention DOE is now giving to the quantification and
characterization of uncertainty in estimating repogtory system performance, the Board dso
continues to have concernsin this area.

The Board redlizes that projecting long-term performance of a potential repository at Y ucca
Mountain, or anywhere else for that matter, isinherently associated with uncertainty.
Eliminating dl the uncertaintieswill never be possble (dthough they can be reduced). Infact,
the Board has noted that a Site recommendation can be made at any time, depending in part on
how much uncertainty policy-makers are prepared to accept. The timing of the Site
recommendation, of coursg, is clearly beyond the Board' s charge.

Asnoted in the answer to question #1, on the basis of information reviewed to date, the Board
believes that the technica bass for DOE’ s current long-term projections of repository
performance has critica weaknesses. These projections and their associated weaknesses reflect
in part the DOE'’ s base-case (above-boiling) repogtory desgn. The Board explicitly raised this
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concern about above-boailing repository designsin aduly 9, 1999, letter to DOE' s Office of
Civilian Radioective Waste Management.  Although the Ste may, in fact, merit a pogtive Ste
recommendation, DOE has not yet demonstrated¥ for the base- case design¥z afirm technicd
basis for that conclusion.

Adopting alower-temperature repository design for commercia spent fud might mitigete some
of the weaknesses associated with projections of long-term repository performance, such as
problems associated with coupled processes. A lower-temperature repository design could make
projections of performance less dependent on areas where scientific understanding isincomplete.
Therefore, DOE should augment its current design eva uations with a rigorous and persuasive
evauation of the performance of, and trade- offs associated with, dternative repository designs,
induding assessing the effects of the following factors on performance and uncertainty: age of
wadte at emplacement, spacing between waste packages, ventilation rates and efficiencies, and
time before repository closure. It ispossible, but not certain, that a cooler, drier, and Smpler
design than the current base-case design would lower the technicd hurdles that DOE now faces
in projecting long-term waste package and repository performance.

DOE, however, has not yet carried out a sufficiently thorough evauation of low-temperature
repogtory designs. By carrying out such an evauation, DOE would develop a much better
understanding of how the thermd characteridtics of different designs may affect critica
uncertainties (e.g., those associated with coupled processes, the stability of the passve layer of
Alloy 22, and the waste package environment). But the magnitude of other uncertainties, such as
those associated with the saturated zone under the repository, are very likely to be independent of
the facility’ s design.

3. How would the Board suggest that DOE should take these uncertainties into account ¥
isthisa matter of DOE actually changing itsrepository design, or merely a matter of
presenting this uncertainty information to the decison-maker s?

DOE intends to base its Ste-recommendation decison primarily on the results of atotd system
performance assessment (TSPA), acomplex computer model that estimates repository
performance many thousands of yearsinto the future. The technical soundness of DOE’s Site-
recommendation decision will therefore depend to alarge extent on the technica vdidity of its
TSPA. Put another way, policy-makers confidence in performance assessment reflectsin many
ways the level of uncertainty associated with estimates of performance: the greater the
uncertainty, the lower the confidence in repository performance may be.

There are severd internationally recognized strategies for managing or reducing uncertainties.
One drategy involves using “conservative’ assumptions and parameters throughout the
performance assessment. Thus, if the assessment isin error, the long-term performance of the
repository is underestimated, not overestimated. A second strategy involves using multiple lines
of evidence independent of performance assessment in developing a*“repository safety case” A
third srategy involves making repository design choices that minimize uncertainties.
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DOE has made progress in implementing each of these three strategies, but it can—and should—
do more. For example, it isdifficult to know whether the assumptions and parameters used in
DOE' s performance assessments are truly conservative or how the combination of conservetive,
optimigtic, and redistic estimates affects overall dose caculations and the uncertainties

associated with those calculations. As noted in the response to question #6, DOE has not yet
completed the evauation of independent lines of evidence—an evaluation that is needed to
increase confidence in the conclusions of its safety case derived from performance assessment.
Findly, as noted in the answer to question #2, DOE has not yet performed a rigorous and
persuasive andysis of how uncertainty in repository performance varies with repository design.

Regardless of what strategies are used to manage or reduce uncertainty, the Board believes that
DOE s projections of repository performance will be incomplete unless DOE aso providesa
description and ameaningful quantification of the level of uncertainty associated with its
predictions. DOE then will bein a better position to make important decisons, including
choosing waste package and repository designs having acceptable predictions of performance,
and decision-makers will be able to make technically informed choices related to the DOE's
work a Y ucca Mountain.

4. When doesthe decision on hot versus cool repository design have to be made?
Can DOE leave thisdecision open into the licensing phase?

For DOE to make a positive site recommendation, the Board believes that DOE would need to
make atechnicaly defensble argument that at least one repository design concept, including
firm operationa assumptions, will perform satisfactorily for thousands of years. Such an
argument would presumably consider the associated levels of uncertainty in repogtory
performance. Therefore, the Board assumes that DOE would describe for the site
recommendation at least one design concept and a set of operationa assumptions with sufficient
gpecificity so that sound and complete assessments of performance can be devel oped.

The Nuclear Regulatory Commission, of course, will determine whether the particular detailed
design or designs used in DOE' s license gpplication will, in fact, provide reasonable assurance of
satisfactory performance to warrant constructing afacility.

5. A recent GAO report on radiation standar ds suggested that the cooler repository design
favored by the Board could add $2 billion to the cost of therepository. What isthe basis
for that statement by GAO, and isthat estimate correct?

The statements in the GAO report are mideading in two respects. First, dthough the Board
noted in July 1999 that the technica basis supporting any above-boiling repository design was,
inits opinion, not strong enough, the Board is not in a pogition to recommend a specific design
dterndive. Infact, inits June 23, 2000, testimony before the Subcommittee, the Board
explicitly gtated, ... more thorough analysisis needed before any judgment is made about the
optima therma conditions for repository operation.”
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Second, &t the Board' s meeting in May 2000, DOE presented some preliminary results and cost
esimates related to dternative therma designs. That andysis suggested that the incremental
discounted cost of implementing a below-boailing (as opposed to an above-bailing) desgn may
be as low as $600 million. If, for example, different assumptions were adopted about the
distance between repository tunndls, the incrementa cost might be reduced even more. Thistype
of result, simulated by a Board recommendation, islikely to help DOE understand better the
technica and economic trade- offs associated with dternative repository desgns. Such an
undergtanding is essentid for making a sound decison, regardless of what regulatory standard is
ultimately established.

6. Pleaseidentify any other outstanding technical issueswith therepository design that, in
the Board’sview, are not being addr essed adequately by DOE. Explain these concerns
fully, and make recommendations on actionsthat DOE and the Congress should taketo
resolve these issues.

Unfortunately, DOE’s models are not well enough developed or supported by sufficient data to
differentiate between the performance of below-boiling and above-bailing repository designs
over the next saveral thousand years. To develop the tools necessary for evauating these
differences, DOE would have to increase subgtantidly its understanding of the coupled thermd,
hydrologic, mechanica, and geochemica processes taking place within the repository; the
mechanisms and paths by which radionuclides could be transported from the repository tunnels
into the unsaturated and saturated zones bel ow; and the data and fundamental knowledge used to
project the long-term corrosion susceptibility of waste packages.

Although the Board has endorsed the use of TSPA, in an April 1999 report the Board noted the
limits of TSPA cdculations and expressed doubt that relying “ solely on [performance
assessment] to demondtrate repository safety” will ever be possible. Therefore, the Board
recommended in this report that DOE develop multiple lines of evidence that can supplement
performance assessment.

DOE isworking on arepostory safety case that is designed to increase confidence that a
repository a YuccaMountain islikely to perform as predicted. The strategy currently restson
gx “pillars’: performance-assessment caculations, safety margins, analysis of disruptive events,
defense-in-depth, naturd anadogs, and performance confirmation during and after waste
emplacement. On the surface, these pillars may appear to satisfy the Board' s recommendation
that DOE develop multiple lines of evidence that can supplement performance assessment. A
closer look suggests otherwise.

To begin with, four of the pillars¥s performance-assessment cdculations, safety margins,
defense-in-depth, and andlyss of disruptive events¥ as currently presented are not independent
of each other. They are dl dependent on performance assessment. Thus, if one lacks confidence
in DOE' s performance assessment, oneis not likely to have much confidence in any of the four
pillars. Thelast two pillars of the repository safety case¥s naturd anaogs and performance
confirmation¥ ar e independent of performance-assessment caculations. However, DOE's
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evduation of natura analogs so far has been minima, and performance confirmation issmply a
plan of activities that will be subject to future budget and time congtraints.
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