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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

July 10, 1996

Mr. Ronald A. Milner, Director

for Program Management and Integration
Office of Civilian Radioactive Waste Management
U.S. Department of Energy, RW 30
1000 Independence Avenue, S.VW.
Washington, D.C. 20585

SUBJECT: TRANSMITTAL OF THE RESULTS OF THE U.S. NUCLEAR REGULATORY COMMISSION
AUDIT REVIEW OF THE U.S. DEPARTMENT OF ENERGY’S 1995 TOTAL SYSTEM
PERFORMANCE ASSESSMENT

Dear Mr. Milner:

NRC has completed an audit (or screening) review of the DOE TSPA-1995 report.
The purpose of this review was to provide early feedback to DOE on the staff’s
review and analysis of TSPA 95. The results of the review consist of
technical concerns developed by the NRC with support from the Center for
Nuclear Waste Regulatory Analyses (CNWRA). These concerns formed the basis
for discussions at the NRC/DOE Technical Exchange Meeting, May 22-23, 1996.
In addition, this review has identified additional topical areas to be
investigated during the detailed review which is scheduled to be completed in
December 1996. The detailed review will not only include these additional
areas, but will also attempt to determine and describe the significance to
performance of all NRC staff concerns. Issues will be investigated only to
the extent that they continue to demonstrate significance to performance.

In contrast to previous audit reviews of DOE TSPAs, NRC has selected, for this
review, very specific topical areas on which to focus the review. These
topical areas were selected because of their importance to the developing DOE
Waste Containment and Isolation Strategy (WCIS), as well as our own
determinations of significance to performance from the iterative performance
assessment (IPA) program. An additional consideration in the selection of
topical areas was to pick areas where the NRC and CNWRA staffs have performed
sufficient technical analyses in the topical areas to independently evaluate
DOE’: analysis.

For the audit review, five specific topical areas were evaluated by NRC and
CRWRA staffs, namely:

® Subsystem Abstractions

¢ Infiltration and Deep Percolation

® Groundwater Dilution

@ Calculation of Temperature and Relative Humidity
® Waste Package Failure Modes
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Within these five topical areas, the DOE TSPA methodology presented in
TSPA-1995, was reviewed with respect to appropriateness of the technical
approach (i.e., conceptual and mathematical models), adequacy of the treatment
of uncertainties, use of conservative assumptions, sufficiency of site data,
and consistency with previous DOE TSPAs. Supplemental, independent
calculations were made by NRC/CNWRA staff to the extent feasible.

The staff’s audit review and the corresponding technical exchange have
resulted in the development of the following concerns with TSPA 95:

1) TSPA 95 appears to significantly underestimate the effects of fast
transport pathways on repository performance.

2) The use of the Markovian model for matrix diffusion may greatly
overestimate radionuclide migration time.

3) Unsaturated particle velocities were not calculated in a
conservative manner because the effects of partial saturation were
not considered, distributions were assumed, and a relatively limited
number of realizations were used in the calculations.

4) Saturated flux and mixing depth are not supported by field data.

§) Heat transfer calculations are not transparent and inconsistencies
with previous estimates are not adequately explained.

6) The humid air corrosion model and the pitting corrosion model may
not be conservative based on current literature.

A description of the five topical area reviews is contained in Enclosure 1 to
this letter and a more detailed review report being prepared by CNWRA and NRC
documenting the review of these areas will be transmitted to you shortly.
These topics and the additional topics identified in Enclosure 2 will be
examined more thoroughly in the detailed review of TSPA 95.

If you have any questions regarding this letter, please contact Mr. Rex G.
Wescott of my staff. Mr. Wescott can be reached at (301) 415-6727.

Sincerely,
riginal signed by:

5ghn . Austin, Ch¥ég

Performance Assessment and HLW
Integration Branch

Division of Waste Management

Office of Nuclear Material Safety
and Safeguards

Enclosures: As stated
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Topical Area Reviews

b m_Abstractions - KTI: Total System Performance Assessment and
a ation

In this area, CNWRA staff used the NRC/CNWRA IPA Phase 2 code (TPA code) to
calculate complementary cumulative distribution functions (CCDFs) for
comparison with those developed by the RIP code in TSPA 95. Three CCDFs were
plotted for comparison: (1) the results from RIP (83 MTU/acre, high
infiltration, backfill, and RH dependent corrosion initiation); (2) the
results from JPA (IPA Phase 2 basecase, liquid releases only); and (3) the
results from JPA (TSPA 95 corrosion and release data). The analyses showed an
almost 2 order of magnitude difference in the low probability parts of the RIP
CCOF and the JPA (IPA Phase 2) CCOF. However, at the same low probabilities
the JPA (IPA Phase 2) CCDF and the JPA (TSPA 95) CCDF were very close in
value. Hence, there appeared to be a significant difference in the CCDFs
caused by a difference in basic methodology. It was the NRC/CNWRA conclusion
that the major differences in the TPA and RIP code results (i.e., CCDF for
total release) arose because of: (i) different representations of the
hydrostratigraphy; and (ii) an abstraction used in the RIP code for
unsaturated flow appears to underestimate the effects of fast pathways (i.e.,
patg¥a{s with short particle travel times) even under the same infiltration
conditions.

In addition to the CCDF calculations, the staff independently calculated
drinking water dose from the release of neptunium. This calculation was
performed by the NRC staff using intermediate results and information
presented for expected values of sampled parameters in TSPA 95. The
calculation used TSPA 95 figures and information to: (1) determine the amount
of flow contacting the waste; (2) determine the release rate based on
solubility Timits; (3) determine the concentration of Np-237 in the aquifer;
(4) determine the drinking water dose; and (5) compare the NRC result to the
TSPA 95 results. The results of our comparison showed a much delayed and
reduced drinking water dose in TSPA 95 results than would be expected from our
calculations. We concluded that a Markovian Model of matrix diffusion may be
providing much more residence-time in the matrix than is justified.

Infiltration - KTI: Unsaturated and Saturated Flow Under Isothermal Conditions

For evaluation of infiltration, CNWRA staff relied upon calculations performed
earlier to investigate the effects of focused infiltration. In addition, new
calculations were performed using 1-D columns to investigate probable velocity
distributions. Using these calculations the CNWRA compared TSPA 95
unsaturated zone particle travel times with CNWRA calculations for
infiltration rates of 2.0 and 0.01 mm/yr. Also calculated was the flux going
past the repository as a function of the distributed flux across the surface
for different locations and conditions. The staff determined that unsaturated
particle velocities were not calculated in a conservative manner because the
effects of partial saturation were not considered, distributions were assumed,
and a relatively limited number of realizations were used in the calculations.

Enclosure 1
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Dilution - KTI: Unsaturated and Saturated Flow Under Isothermal Conditions

The TSPA-95 dilution analysis appears to be generic and does not make use of
available field data. The CNWRA investigated both dilution models proposed
in TSPA 95; the "stirred tank" mixing model and the line source advection
dispersion model. Using available hydrogeologic data and generally accepted
"rules of thumb®, the staff determined significantly smaller potential
dilution factors under both modeling assumptions. The CNWRA estimated
dilution factors from one to three orders of magnitude lower than the TSPA 95
dilution factors. It was the staff’s conclusion that the TSPA assumptions
reg?;dg?g dilution are optimistic and not defendable based on the data
available.

Calculation of Temperature and Relative Humidity - KTI: Thermal Effects on
Elow

The CNWRA performed independent heat transfer calculations at drift scale to
determine the time varying temperature and relative humidity at the surface of
a typical waste package. The staff used both a heat-conduction only model,
and a multiphase flow model simulating heat and mass transfer. The staff also
compared 2-D and 3-D heat transfer calculations for conduction only. The
staff concluded that use of a 3-D heat transfer model could result in
calculation of significantly higher temperatures than those calculated using a
2-D model. The staff also concluded that DOE’s assumptions regarding backfill
conductivity and pre-backfill radiative heat transfer do not appear to be
consistent with previous work and may not be realistic. The staff also
concluded that the DOE calculation of backfill conductivity and pre-backfill
radiative heat transfer are not sufficiently documented to allow a proper
examination of the differences in results (for the pre-backfill period).

Waste Package Failure Modes - KTI: Container Life and Source Term

The CNWRA evaluated the TSPA 95 waste package degradation model. The staff
concluded that the several potential failure modes were not considered and the
calculations may be nonconservative because of the lack of consideration of a
wide range of environmental conditions. The DOE humid air corrosion model may
not be conservative because it does not account for the effect of chemistry
and the hygroscopic nature of corrosion products or other forms of capillary
condensation in the pores of oxide scale formed on the container surface. The
staff also considered the assumed distribution of pitting factors to be non-
conservative and lacking a mechanistic basis. The effect of wet and dry
cycles may also increase the corrosion rate and should be considered.
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Additional Topics for Detailed Review

: _Radionuclide Tr rt

Using site geochemical data, the staff plans to evaluate: (1) site evidence
for dilution; (2) matrix diffusion; and (3) effects of preferred pathways on

transport.

KTI; Repository Design and Thermal Mechanical Effects

The staff expects to finish independent analyses of the effect of thermal
mechanical coupling on rock properties. The staff also plans to perform
analyses of individual areas of the repository in regard to calculated thermal
stresses and uniaxial compressive strengths as reported in the R.I.B. this may
include analyses of combined effects of thermal stresses and repeated seismic
events.

KT]: Igneous Activity

The staff will present a summary of key results regarding independent
assessments of the probability and consequences of volcanic disruption of the
repository. Probability assessments will focus on current understandings of
the location and structural setting of basaltic volcanoes and the repository
and recent progress in understanding igneous processes. Consequence analyses
will summarize initial results from sensitivity studies for volcanic
dispersion models and current understandings regarding the physical
characteristics of erupting magma and the ability of volcanic eruptions to
entrain and disperse subsurface material.

KII: Structural deformation and Sejsmicity

The staff intends to make bounding estimates of fault slip and seismicity and
make auxiliary performance assessment (PA) analyses using the CNWRA Faulting
Module. The staff may also provide an assessment of the degree to which
viable tectonic models can constrain interpretations of faulting and
seismicity, including mechanical models of cogenetic deformation between Bare
Mountain fault and Yucca Mountain.

H ear- d Env ment

The staff will perform independent estimates of near-field chemical evolution
and the effect on solubilities and corrosion parameters.

Enclosure 2
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

July 10, 1996

Mr. Ronald A. Milner, Director

for Program Management and Integration
Office of Civilian Radioactive Waste Management
U.S. Department of Energy, RW 30
1000 Independence Avenue, S.W.
Washington, D.C. 20585

SUBJECT: TRANSMITTAL OF THE RESULTS OF THE U.S. NUCLEAR REGULATORY COMMISSION
AUDIT REVIEW OF THE U.S. DEPARTMENT OF ENERGY’S 1995 TOTAL SYSTEM
PERFORMANCE ASSESSMENT

Dear Mr. Milner:

NRC has completed an audit (or screening) review of the DOE TSPA-1995 report.
The purpose of this review was to provide early feedback to DOE on the staff’s
review and analysis of TSPA 95. The results of the review consist of
technical concerns developed by the NRC with support from the Center for
Nuclear Waste Regulatory Analyses (CNWRA). These concerns formed the basis
for discussions at the NRC/DOE Technical Exchange Meeting, May 22-23, 1996.
In addition, this review has identified additional topical areas to be
investigated during the detailed review which is scheduled to be completed in
December 1996. The detailed review will not only include these additional
areas, but will also attempt to determine and describe the significance to
performance of all NRC staff concerns. Issues will be investigated only to
the extent that they continue to demonstrate significance to performance.

In contrast to previous audit reviews of DOE TSPAs, NRC has selected, for this
review, very specific topical areas on which to focus the review. These
topical areas were selected because of their importance to the developing DOE
Waste Containment and Isolation Strategy (WCIS), as well as our own
determinations of significance to performance from the iterative performance
assessment (IPA) program. An additional consideration in the selection of
topical areas was to pick areas where the NRC and CNWRA staffs have performed
sufficient technical analyses in the topical areas to independently evaluate
DOE’- analysis.

For the audit review, five specific topical areas were evaluated by NRC and
CNWRA staffs, namely:

® Subsystem Abstractions
e Infiltration and Deep Percolation
® Groundwater Dilution
@ Calculation of Temperature and Relative Humidity

® Waste Package Failure Modes
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Within these five topical areas, the DOE TSPA methodology presented in
TSPA-1995, was reviewed with respect to appropriateness of the technical
approach (i.e., conceptual and mathematical models), adequacy of the treatment
of uncertainties, use of conservative assumptions, sufficiency of site data,
and consistency with previous DOE TSPAs. Supplemental, independent
calculations were made by NRC/CNWRA staff to the extent feasible.

The staff’s audit review and the corresponding technical exchange have
resulted in the development of the following concerns with TSPA 95:

1) TSPA 95 appears to significantly underestimate the effects of fast
transport pathways on repository performance.

2) The use of the Markovian model for matrix diffusion may greatly
overestimate radionuclide migration time.

3) Unsaturated particle velocities were not calculated in a
conservative manner because the effects of partial saturation were
not considered, distributions were assumed, and a relatively limited
number of realizations were used in the calculations.

4) Saturated flux and mixing depth are not supported by field data.

5) Heat transfer calculations are not transparent and inconsistencies
with previous estimates are not adequately explained.

6) The humid air corrosion model and the pitting corrosion model may
not be conservative based on current literature.

A description of the five topical area reviews is contained in Enclosure 1 to
this letter and a more detailed review report being prepared by CNWRA and NRC
documenting the review of these areas will be transmitted to you shortly.
These topics and the additional topics identified in Enclosure 2 will be
examined more thoroughly in the detailed review of TSPA 95.

If you have any questions regarding this letter, please contact Mr. Rex G.
Wescott of my staff. Mr. Wescott can be reached at (301) 415-6727.

Sincerely,

Pl bt

John H. Austin, Chief

Performance Assessment and HLW
Integration Branch

Division of Waste Management

Office of Nuclear Material Safety
and Safeguards

Enclosures: As stated

cc: See next page
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Topical Area Reviews

bsystem Abstractions - KTI: Total System Performance Assessment and

Jechnical Integration

In this area, CNWRA staff used the NRC/CNWRA IPA Phase 2 code (TPA code) to
calculate complementary cumulative distribution functions (CCDFs) for
comparison with those developed by the RIP code in TSPA 95. Three CCDFs were
plotted for comparison: (1) the results from RIP (83 MTU/acre, high
infiltratjon, backfill, and RH dependent corrosion initiation); (2) the
results from JPA (JPA Phase 2 basecase, liquid releases only); and (3) the
results from JPA (TSPA 95 corrosion and release data). The analyses showed an
almost 2 order of magnitude difference in the low probability parts of the RIP
CCDF and the TPA (JPA Phase 2) CCDF. However, at the same low probabilities
the TPA _(JPA Phase 2) CCDF and the TPA (TSPA 95) CCDF were very close in
value. Hence, there appeared to be a significant difference in the CCDFs
caused by a difference in basic methodology. It was the NRC/CNWRA conclusion
that the major differences in the TPA and RIP code results (i.e., CCDF for
total release) arose because of: (i) different representations of the
hydrostratigraphy; and (ii) an abstraction used in the RIP code for
unsaturated flow appears to underestimate the effects of fast pathways (i.e.,
patgwa¥s with short particle travel times) even under the same infiltration
conditions.

In addition to the CCDF calculations, the staff independently calculated
drinking water dose from the release of neptunium. This calculation was
performed by the NRC staff using intermediate results and information
presented for expected values of sampled parameters in TSPA 95. The
calculation used TSPA 95 figures and information to: (1) determine the amount
of flow contacting the waste; (2) determine the release rate based on
solubility limits; (3) determine the concentration of Np-237 in the aquifer;
(4) determine the drinking water dose; and (5) compare the NRC result to the
TSPA 95 results. The results of our comparison showed a much delayed and
reduced drinking water dose in TSPA 95 results than would be expected from our
calculations. We concluded that a Markovian Model of matrix diffusion may be
providing much more residence-time in the matrix than is justified.

Infiltration - KTI: Unsaturated and Saturated Flow Under Isothermal Conditions

For evaluation of infiltration, CNWRA staff relied upon calculations performed
earlier to investigate the effects of focused infiltration. In addition, new
calculations were performed using 1-D columns to investigate probable velocity
distributions. Using these calculations the CNWRA compared TSPA 95
unsaturated zone particle travel times with CNWRA calculations for
infiltration rates of 2.0 and 0.01 mm/yr. Also calculated was the flux going
past the repository as a function of the distributed flux across the surface
for different locations and conditions. The staff determined that unsaturated
particle velocities were not calculated in a conservative manner because the
effects of partial saturation were not considered, distributions were assumed,
and a relatively limited number of realizations were used in the calculations.

Enclosure 1
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Dilution - KTI: Unsaturated and Saturated Flow Under Isothermal Conditions

The TSPA-95 dilution analysis appears to be generic and does not make use of
available field data. The CNWRA investigated both dilution models proposed
in TSPA 95; the "stirred tank" mixing model and the line source advection
dispersion model. Using available hydrogeologic data and generally accepted
"rules of thumb", the staff determined significantly smaller potential
dilution factors under both modeling assumptions. The CNWRA estimated
dilution factors from one to three orders of magnitude lower than the TSPA 95
dilution factors. It was the staff’s ccncliusion that the TSPA assumptions
reg:gdg?g dilution are optimistic and not defendable based on the data
available.

a of Temperature and Relative Humidity - KTI: Thermal Effects on
Flow

The CNWRA performed independent heat transfer calculations at drift scale to
determine the time varying temperature and relative humility at the surface of
a typical waste package. The staff used both a heat-conduction only model,
and a multiphase flow model simulating heat and mass transfer. The staff also
compared 2-D and 3-D heat transfer calculations for conduction only. The
staff concluded that use of a 3-D heat transfer model could result in
calculation of significantly higher temperatures than those calculated using a
2-D model. The staff also concluded that DOE’s assumptions regarding backfill
conductivity and pre-backfill radiative heat transfer do not appear to be
consistent with previous work and may not be realistic. The staff also
concluded that the DOE calculation of backfill conductivity and pre-backfill
radiative heat transfer are not sufficiently documented to allow a proper
examination of the differences in results (for the pre-backfill period).

MWaste Package Failure Modes - KTI: Container Life and Source Term

The CNWRA evaluated the TSPA 95 waste package degradation model. The staff
concluded that the several potential failure modes were not considered and the
calculations may be nonconservative because of the lack of consideration of a
wide range of environmental conditions. The DOE humid air corrosion model may
not be conservative because it does not account for the effect of chemistry
and the hygroscopic nature of corrosion products or other forms of capillary
condensation in the pores of oxide scale formed on the container surface. The
staff also considered the assumed distribution of pitting factors to be non-
conservative and lacking a mechanistic basis. The effect of wet and dry
cycles may also increase the corrosion rate and should be considered.




Additional Topics for Detailed Review

: Radjonuclide Transport

Using site geochemical data, the staff plans to evaluate: (1) site evidence
for dilution; (2) matrix diffusion; and (3) effects of preferred pathways on

transport.

: _ Rep esign _and Thermal Mechanical Effects

The staff expects to finish independent analyses of the effect of thermal
mechanical coupling on rock properties. The staff also plans to perform
ana‘yses of individual areas of the repository in regard to calculated thermal
stresses and uniaxial compressive strengths as reported in the R.I.B. this may
include analyses of combined effects of thermal stresses and repeated seismic

events.

KTI: Igneous Activity

The staff wiil present a summary of key results regarding independent
assessments of the probability and consequences of volcanic disruntion of the
repository. Probability assessments will focus on current understandings of
the Tocation and structural setting of basaltic volcanoes and the repository
and recent progress in understanding igneous processes. Consequence analyses
will summarize initial results from sensitivity studies for volcanic
dispersion models and current understandings regarding the physical
characteristics of erupting magma and the ability of volcanic eruptions to
entrain and disperse subsurface material.

KTI: Structural deformation and Seismicity

The staff intends to make bounding estimates of fault slip and seismicity and
make auxiliary performance assessment (PA) analyses using the CNWRA Faulting
Module. The staff may also provide an assessment of the degree to which
viable tectonic models can constrain interpretations of faulting and
seismicity, including mechanical models of cogenetic deformation between Bare

Mountain fault and Yucca Mountain.

: f Near-Field Environment

The staff will perform independent esti-ates of near-field chemical evolution
and the effect on solubilities and corrosion parameters.

Enclosure 2



