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Current Status
(Issue Resolution Status Report Revision 1)

* Subissue 1
Rock

- Radionuclide Transport through Porous

- Subissue closed for
(e.g., plutonium and

neptunium, but other radionuclides
uranium) require further work

- Subissue closure for each radionuclide of importance does
not require closure of all 3 technical acceptance criteria,
because the criteria allow alternative approaches to
transport modeling

M&O Graphics PresentationsYMHouseworth_04125/OO.ppt 2



U'.

Current Status
(Issue Resolution Status Report Revision 1)

(Continued)

Subissue 2 - Radionuclide Transport through
Alluvium

- Same technical acceptance criteria as for Subissue 1

- Assumption that alluvium acts as a homogeneous porous
medium may be nonconservative; limited data are available
to support the assumption

- Further field and laboratory testing in the Nye County
program is expected to supply the needed geologic and
hydrologic data
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Current Status
(Issue Resolution Status Report Revision 1))

(Continued)

* Subissue
Fractured

3 - Radionuclide Transport in
Rock

- Two technical acceptance criteria open for lack of
geostatistical analysis justifying the flowpath length of
fracture transport



Current Status
(Issue Resolution Status Report Revision 1)

(Continued)

* Current Status
- Subissue 4 - Nuclear Criticality in the Far Field

* Subissue (with 2 acceptance criteria) is resolved at staff level
based upon evaluation process presented in Viability
Assessment (VA), establishing a path toward resolution

* Review of topical report and Analysis and Model Reports or
Process Model Reports describing screening of criticality will
be performed in support of safety evaluation report
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Key Activities

* Fiscal Year (FY) 1998
- Conducted C-wells tracer transport field test in the

saturated zone. Developed unsaturated zone (UZ) flow and
transport modeling methodology

• C-wells testing provided field data on conservative and
reactive tracer transport and colloid transport used to
establish matrix diffusion and colloid retardation parameters
for fractured rock

* For the VA, developed methodology for UZ flow and transport
based on quasi-steady UZ flow combined with three-
dimensional (3D) particle tracking directly coupled with Total
System Performance Assessment (TSPA)
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Key Activities
(Continued)

* FY 1999

- UZ and Saturated Zone (SZ) workshops for flow and
radionuclide transport identified the following areas for
additional work, which was performed:

* Develop more defensible colloid transport model for
Performance Assessment

* Compare particle tracking with alternative calculation
methods

* Improve matrix diffusion model

* Refine Engineered Barrier System (EBS)/UZ interfaces

* Validate model from site data and/or analog sites
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Key Activities
(Continued)

* FY 2000
- Developed improved flow and transport models for UZ and

Sz

* Developed active fracture model for UZ flow fractt~?e9 atrix
interaction

* Included effects of fracture/matrix contact area as developed
in the active fracture model on fracture spacing and matrix
diffusion in the UZ

* Developed improved 3D SZ flow model and 3D particle
tracking model for transport

* Continued data collection and analysis for C-wells tracer
transport field test and Busted Butte Facility

Y piP Yucca Mountain Project(Preliminary Predecisional Draft Materials M&O Graphics PPsentatons_YMHousewoP



Key Activities
(Continued)

* FY 2001
- Plan to conduct Busted Butte UZ transport tests, UZ cross-

over drift (Exploratory Studies Facility) test, and SZ alluvial
testing complex

* For Busted Butte (CHnv)

>) Field verification of porous medium flow behavior
>> Field verification of sorption and improved sorption

characterization
>, Field data for colloid transport behavior

* For cross-over drift

>> Field verification of transport processes in fractured rock,
including matrix diffusion

>> Effects of lithologic unit boundaries on transport



Key Activities
(Continued)

* FY 2001 (Continued)

. - Plan to conduct Busted Butte UZ transport tests, UZ cross-
over drift (Exploratory Studies Facility) test, and SZ alluvial
testing complex (Continued)

* For alluvial testing complex

O Improved data on the location of contacts for the alluvium
)) Improved flow and transport characterization in alluvium

,3rTAW
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KTI Subissues and Associated Factors of
the Safety Case

Associated Factors of
the Safety Case

Importance to
Repository PerformanceKTI Subissues

1 Radionuclide Transport
Through Porous Rock

2 Radionuclide Transport
Through Alluvium

3 Radionuclide Transport
Through Fractured
Rock

UZ Radionuclide Transport
(Advective Pathways,
Retardation, Dispersion,
Dilution)

SZ Flow and Transport-
(Advective Pathways,
Retardation, Dispersion,
Dilution)

UZ Radionuclide Transport
and SZ Flow and
Radionuclide Transport
(Advective Pathways,
Retardation, Dispersion,
Dilution)

Retardation of radionuclide
transport in the UZ and SZ are
Principal Factors.

4 Nuclear Criticality In
The Far Field

None Features, events, and processes
associated with this subissue are
not included. The basis for this
exclusion will be provided. A



Subissues 1-3 - Radionuclide Transport
through Porous Rock, Alluvium, and

Fractured Rock
* For these subissues the focus is on 1 acceptance

criterion. These are examples of criteria that map to
the postclosure safety case

- Subissue 1-Radionuclide Transport through Porous Rock

* Criterion 2: Constant sorption coefficient (Kd) approach for
estimating radionuclide transport through porous rock

- Subissue 2-Radionuclide Transport through Alluvium

* Criterion 2: Constant Kd approach for estimating radionuclide
transport through alluvium

- Subissue 3-Radionuclide Transport through Fractured Rock

* Criterion 2: Radionuclide attenuation in fractured rock
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Subissue 1- Radionuclide Transport
through Porous Rock

* Porous rock only present in Calico Hills and Prow
Pass vitric. No porous rock in SZ

* Using constant Kd approach for estimating
radionuclide transport through porous rock

- Current approach uses constant Kd based on laboratory
measurements using site-specific rock and groundwaters

* Batch sorption

* Crushed tuff column experiments

* Expected range of geochemical conditions

- Sorption isotherms have been shown to be linear or
nonlinear with convex-up shape
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Subissue 1- Radionuclide Transport
through Porous Rock

(Continued)

Field evidence for porous medium flow behavior, sorption
in porous rock, and colloid transport is being developed
from the Busted Butte testing program

The use of the constant Kd approach relative to
nonequilibrium effects has been established for neptunium
but requires further demonstration for plutonium
and uranium
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Subissue 1- Radionuclide Transport
through Porous Rock

(Continued)

Potential Repository

Conceptual Model of
Radionuclide Transport
in the UZ

}tsw 36-39

ch (1-5)v

ch6z
pp4

pp3

pp2

ppl

bf3

bf2
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Subissue 1- Radionuclide Transport
through Porous Rock

(Continued)

- The effects of variations in groundwater chemistry have
been partially addressed by calculations of thermal-
hydrological-chemical (THC) effects near the emplacement
drifts

- Colloid-facilitated radionuclide transport considers
radionuclides to be either

* Irreversibly attached to colloid

* Reversibly attached in equilibrium with the aqueous phase

- Relative amounts of the differing colloid types based on
waste form releases

- Plutonium, americium, thorium, and protactinium are
subject to colloid-facilitated transport
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Subissue 1- Radionuclide Transport
through Porous Rock

(Continued)

- Treatment of colloid-facilitated radionuclide transport in
porous rock

* No matrix diffusion of colloids

* Accounts for size exclusion to enter matrix from fractures (by
advection)

* Accounts for filtration between matrix units having differing
pore size distributions - no other filtration mechanisms are
included

Y uI P Yucca Mountain ProjectlPreliminary Predecisionai Draft Materials



Subissue 2- Radionuclide Transport
through Alluvium

0 Using constant Kd approach for estimating
radionuclide transport through alluvium

- Batch sorption measurements have been
neptunium, technetium, and iodine using
samples obtained from three wells drilled
County-Early Warning Drilling Program

conducted for
rock and water
as part of Nye

- Time-series experiments were conducted to investigate
sorption kinetics
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Subissue 2- Radionuclide Transport
through Alluvium

(Continued)

Sorption Coefficients in Alluvium (mVg)

Borehole Depth (ft) Np K,, _ I K

02D 395-400 44 0.8 0.4

400-405 77 0.6
405-410 5.3 0.4

410-415 9.3 0.5

O9SX 145-150 4.7 0.8 0.4

150-155 5.3 0.7

155-160 6.7 0.7

160-165 6.2 0.5

03S 60-65 44.5 0.8 0.7

65-70 36.5 0.6
70-75 18 0.6
75-80 15.5 0.6
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Subissue 2 - Radionuclide Transport
through Alluvium

(Continued)

- Activities in progress at the alluvium testing complex are
investigating:

* Behavior of the alluvium as a single continuous porous
medium

* Effective porosity

* Field sorption behavior

* Colloid transport

- Colloid transport in the alluvium is treated in the same
manner as transport through fractured rock
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Subissue 3 - Radionuclide Transport
through Fractured Rock

* Radionuclide Attenuation in Fractured Rock
- For the UZ

* Radionuclide attenuation in fractured rock is due to:

)> Advective exchange between fractures and matrix
>> Matrix diffusion
O> Sorption in matrix (no sorption in fractures)

* Advective exchange between fractures and matrix is
calibrated to field saturation and capillary pressure data using
the active fracture model for fracture/matrix interaction

,o13Nt4W , ~
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Subissue 3- Radionuclide Transport
through Fractured Rock

(Continued)

• Range of matrix diffusion values determined by laboratory
experiments

O Fracture/matrix area reduction (given by the active fracture
model) is incorporated into the matrix diffusion calculation

* Transport methodology has been compared to geochemical
data (chloride concentrations) observed in the Exploratory
Studies Facility (ESF) and ESF tracer transport tests

• The treatment of sorption in the matrix is the same as outlined
for porous rock

* Colloid transport occurs in both the matrix and fractures

>> Matrix interaction the same as outlined for porous rock
>) Fracture transport is attenuated by retardation based on

C-wells data
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Subissue 3: Radionuclide Transport
through Fractured Rock

(Continued)

El Nino Infiltration Test at Alcove 1

(a) Photography of ESF North Portal and
Infiltration Plot (Blue Cover)

Objectives:
• Quantify large-scale infiltration and

seepage processes in the bedrock.
* Evaluate matrix diffusion nt;rtion

mechanism in long-term flow
and transport tests. ohRm

Approaches:
• Water applied on the surface 30 m

directly above the alcove.
* Tests conducted in two phases:

March - August 1998 and May
1999 - present, with Phase 1
focusing on flow and Phase 2 ( S o
focusing on tracer transport. (b) Schematc of Alcove 1 InfilratIon Test

UZPMR2.2-8REVOO
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Subissue 3: Radionuclide Transport
through Fractured Rock

(Continued)

El Nilo Infiltration Test at Alcove 1

Results:
* Over 100,000 liters infiltrated in

Phase 1, with observed seepage
rates of up to 300 liter/day.

* Pressure/flow response times were
on the order of 2 days, with the
exception of the first seepage in
58 days.

* High concentrations of LiBr were
used in Phase 2 tracer test.

* Tracer recovery data were used to
compare with model predictions
and to evaluate the importance of
matrix diffusion.

Tracer Mass Fraction in Liquid Seepage
....... ........ , , . ....... ....... .... ..... ... . . r rrvr s -Parr
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(c) Tracer Breakthoughs Test Results and Model Predictions
with Matrix Diffusion
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Subissue 3 - Radionuclide Transport
through Fractured Rock

(Continued)

- For the SZ

* Radionuclide attenuation in fractured rock is due to:

>> Matrix diffusion
>> Sorption in matrix (no sorption in fractures)

* A range of effective matrix diffusion values has been
estimated from C-wells testing

* Transport methodology has been compared to C-wells tracer
transport observations

* The treatment of sorption in the matrix is the same as outlined
for porous rock

* Colloid transport occurs in the fractures only

>> Fracture transport is attenuated by retardation based on C-wells
data ; 9
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Subissue 3 - Radionuclide Transport
through Fractured Rock

(Continued)
C-Well validation of Matrix Diffusion and Sorption Mechanisms

100.0
WU Low IhLowernpeak. NA no im^le delay relalli PFIA .Model of fracture flow and

aidbronideisconsistertwitsorpboninmaix oPFBA matrix diffusion consistent
a Brode with data

Differenc rbefien PFBA and brdonds i

consisto vvil m n I o 360-m Seres - Model assumes linear
isotherm, equilibrium,

°, RD.D] ^g > reversible sorption
o °0>&> 84s~h &Lowehdlhalpeakisconsie n - None of the Kds are

0 with~~~~~~vd sorption in both liractiges and malixId t r i i tc l rCj~~~~ ° 0l°V£ vj]0p"ln,,slSi deterministic, all are
C 00

1 0a 0 stochastic in the TSPA
Uo analysis

0

N* 0 0WSorbing tracer (LI)
10 O \.0 0 -\11 breakthrough consistent with

o combined matrix
ZMcrospheres sgificaniy altenuiated relabve to
Inonsorbing solutes, but arrive shghy ealiers | ° 9 n;5diffusion/sorption model

Microspheres break through
, O ¢ slightly earlier than solutes,

0.1 -_______________________________________ but are attenuated
10 100 1000 10000

Tike, hrs



Subissue 4- Radionuclide Transport
through Fractured Rock

* Nuclear Criticality in the Far Field
- DOE is evaluating criticality using methodology from the

topical report on criticality and its supporting documents

- DOE expects to screen out far-field criticality from the
TSPA based on low probability
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Summary

* Current Understanding:
- UZ flow and transport models provide a reasonable basis

for representing retardation in the UZ (Subissue 14)

- SZ flow and transport model provides a reasonable basis
for representing retardation in the SZ (Subissue 2 and 3)

- Sorption in porous rock and the alluvium is conservatively
represented using the constant Kd approach (Subissues 1
and 2)

- No fracture retardation on fracture surfaces for aqueous
radionuclides; colloid retardation based on C-wells data
sorption in rock matrix (Subissue 3)

Yu taDMG s Ye
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Summary
(Continued)

* DOE suggests moving subissues under this KTI to
the KTI on Unsaturated and Saturated Flow Under
Isothermal Conditions
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Summary
(Continued)

* Areas of Agreement

- Subissues on transport through porous rock, alluvium, and
fractured rock are partially resolved

- Subissue on far-field nuclear criticality is resolved based
on the proposed evaluation methods
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Summary
(Continued)

* Areas of Potential Disagreement (Letter, Brocoum to
Reamer, 03/22/00)

- Homogeneity of porous rock or alluvium does not need to
be demonstrated at all scales

Homogeneity only needs to be addressed at the level of
assumed homogeneity in the model, for example, the grid
discretization or level of heterogeneity modeled

- Bounding future chemistry of groundwater cannot be
proved for this system

* Use of bounding geochemical behavior that can be
demonstrated to be reasonable is more appropriate
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Key Technical Issue: Radionuclide TransDort
Acceptance Criterion RT IRSR Rev 1 Status DOE Comment

Subissue 1- Radionuclide Transport through Porous Rock
1 a For the estimation of radionuclide transport through porous rock, DOE has The staff considers that this acceptance criterion has The processes of hydrodynamic
determined through PA calculations whether radionuclide attenuation processes been met for radionuclides important to dispersion, matrix diffusion, sorption
such as sorption, precipitation, radioactive decay, and colloidal filtration are performance. However, as processes, conditions, (solutes), filtration (colloids), and
important to performance and conceptual models are revised based on new radioactive decay are considered

site characterization Information and repository important to performance for the UZ and
designs, it is expected that new sensitivity analyses are all explicitly modeled in the UZ
would be needed. The only situation where this transport model abstraction.
criteron would not be met would occur if DOE failed
to consider a radionuclide in Its PA that the NRC
staff considered to be important.

1 b For the estimation of radionudide transport through porous rock, DOE has:(i) The staff agrees with the selection of C, Tc, I, and a Kd is assumed to be zero for C, To, I. and
Assumed Kd is zero and radionuclides travel at the rate of groundwater flow, if it as having a Kd of zero, for use in PAs. The staff Cl.
has been found that radionuclide attenuation is unimportant to performance and recognizes, however, that there may be other
it can be demonstrated that this assumption is conservative in which case, elements or species that, under certain situations,
Acceptance Criteria 2 and 3 do not have to be met or, (ii) demonstrated that have a Kdof zero.
Criterion 2 or 3 has been met, if radionuclide attenuation in porous rock is
important to perfomnance, or if an assumption that K1,Is zero In porous rock is not There are examples where multiple species of a
conservative, single radionuclide exist In solution at the same time.

Therefore, it is Important to perform flow-through
column tests for identifying mobile species (see
status of Methodology 2b below).

2a For the valid application of the constant Kd approach, using equation (1) Rf = I remains to be demonstrated that the Calico Hills The vitric portion of the Calico Hills
1+pbKd/n, (or RfB1+pbKd/O), DOE has: Demonstrated that the flow path acts as nonwelded vitric: unit and the alluvium behave as a hydrogeologic units behaves as a porous
a single continuum porous medium. If the flow can not be shown to be a single single continuum porous med. medium and provides an effective barrier
continuum porous medium, then the acceptance criteria for radionuclide to radionuclide transport
transport in fractured rock apply. Phase 11 of the UZ Field Transport Test at Busted The upper units of the Prow Pass

Budte involve identifying possible -fast pathways hydrogeologic unit also behave as a
within the Calico Hills block and performing cross porous medium.
hole tracer tests using conservative and reactive
tracers. The effect of variable flow rates on tracer
breakthrough will be determined. The NRC staff
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Key Technical Issue: Radionuclide Transport

Acceptance Criterion RT IRSR Rev 1 Status DOE Comment
considers this type of experiment important for
demonstrating transport through porous rock.

2b (methodologies 1-7) For the valid application of the constant Kd approach, The NRC staff considers the sorption coefficients Details of the experimental program are
using equation (1) R. a1+pbKdn, (or R., = 1+pbKdO), DOE has: Demonstrated determined from nonsit-specific batch sorption provided in the Yucca Mountain Site
that appropriate values for the parameters, Kd, n or 9, and Pb have been experiments much less certain for application to YM Description.
adequately considered (e.g., experimentally determined or measured). PA calculations than those determined using site

specific materials.

A general concem of the NRC staff is that although
site-specific materials may be used in the batch
sorption tests, certain combinations of groundwaters
and solids may be unnatural and not expected in the
YM environment.

Column experiments have been performed to
confirm batch sorption K& values for plutonium,
neptunium, and technetium. The criterion has not
been met for any other elements.

The NRC staff concludes that, although crushed tuff
flow-through column experiments have been
performed, the criterion to confirm the Kd determined
In static tests are appropriate for calculating a
retardation In dynamic systems has not been met for
plutonium.

It was demonstrated that the migration of selenium
could be estimated conservatively from batch
sorption tests. Similar experiments have not been
performed using any of the other radionuclides.

Diffusion experiments have been performed for
tritium, lechnetium, neptunium, americium,
strontium, cesium, and barium. The discrepancy
between the observed and calculated concentrations



Key Technical Issue : Radionuclide Transport
Acceptance Criterion RT IRSR Rev 1 Status DOE Co munent

suggests that one or more of the assumptions are
incorrect.

The Busted Butte Unsaturated Transport tests are
expected to provide additional important information
on unsaturated flow and transport in the Topopah
Spring and Calico Hills tuffs at the field scale.

2c (methodologies 1-3) For the valid application of the constant Kd approach, The NRC staff considers that this criterion has not The AMR on radionuclide transport models
using equaton (1) RK = I+pbj 4 n, (or RK = I+p"KdO) DOE has: Demonstrated been met for plutonium. Neither has the removal of under ambient conditions provides the
that the following assumptions (i.e., linear isotherm, fast reversible sorption plutonium from solution been shown to be the result supporting rationale for these
reaction, and constant bulk chemistry) are valid. of an ion exchange or adsorption reaction nor has assumptions.

the reaction been shown to be fast
An implicit assumption in using K to describe
radionuclide sorption is that the chemistry of the
groundwater is constant at the scale of discretization
used in the transport model. A number of studies,
however, have demonstrated that water chemistry In
the vicinity of Yucca Mountain can vary significantly
with regard to parameters such as pH, ionic
strength, and COW concentration that may affect
radionuclide retardation. Both DOE and NRC have
made an effort to account for the effects of this
changing chemistry in developing the PDFs used In
TSPA-VA.

3a. For the valid application of process models affecting radionuclide transport See criterion 2a. The vitric portion of the Calico Hills
such as surface complexation, ion exchange, precipitation/dissolution, and hydrogeologic units behaves as a porous
processes involving colloidal material, DOE has: Demonstrated that the flow medium and provides an effective barrier
path acts as a single continuum porous medium (See USFIC IRSR deep to radionuclide transport.
percolation on subissue describing methods of estimating matrix properties). The upper units of the Prow Pass

hydrogeologic unit also behave as a
porous medium.
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Key Technical Issue: Radionuclide Transport

Acceptance Criterion RT IRSR Rev 1 Status DOE Conunent
3b For the valid application of process models affecting radionuclide transport To provide additional confidence in the model UZ Transport parameters are summarized
such as surface complexation, ion exchange, precipitation/dissolution, and results, the experiments used to calibrate the model in Section 3.11.2 of the UZ F&T PMR.
processes involving colloidal material, DOE has: Demonstrated that values for should cover a range in critical parameters such as
the parameters used in process models are appropriate and sufficient pH, Ionic strength, and radionuclide concentration.

The experimental variation in these parameters
should span the range expected over the time period
of interest at the scale of discretization in the PA

______________________________ abstraction.

3c For the valid application of process models affecting radionudide transport The variation in groundwater composition in the The AMR on radionuclide transport models
such as surface complexation, ion exchange, precipitation/dissolution, and portion of the pathway that is considered to be an under ambient conditions provides the
processes involving colloidal material, DOE has: (I) Demonstrated that the three isotropic homogeneous porous medium may be less supporting rationale for these
implicit assumptions (see 2c) are valid, if process models are intended to yield a than that over the whole region, which includes assumptions.
constant Kd for use in the retardation equation (equation 1); or (ii) determined significant fractured rock. The limited availability of
transport in a dynamic reactive transport system model (e.g., PHREEQC, groundwater analyses for the porous rock units will
MULTIFLO, HYDROGEOCHEM, etc.) 3c For the valid application of process likely result in a limited range of calculated Kd
models affecting radionuclide transport such as surface complexation, ion values. One additional concern stems from the
exchange, precipitation/dissolution, and processes involving colloidal material, evidence that In some wells, groundwater
DOE has: (i) Demonstrated that the three implicit assumptions (see 2c) are valid, compositions have varied over time.
if process models are intended to yield a constant Kd for use In the retardation
equation (equation 1); or (ii) determined transport in a dynamic reactive transport
system model (e.g., PHREEQC, MULTIFLO, HYDROGEOCHEM, etc.).

4 WMhere data are not reasonably or practicably obtained, expert judgement has The NRC staff considers Kd, values from batch No expert elicitation was conducted.
been used and expert elicitation procedures have been adequately documented. sorption tests, confirmed by crushed tuff column or
ff used, expert elicitations were conducted and documented in accordance with other experiments can be reasonably or practicably
the guidance in NUREG-1 563 (Nuclear Regulatory Comirssion, 1998) or other obtained. Consequently, expert elicitation would not
acceptable approaches appear to be appropriate, as a general matter, to

use in place of experimentally determined sorption
coefficients This applies only to those radionuclides
whose sorption characteristics affect performance.

5 Data and models have been collected, developed and documented under The TSPA-VA indicates that the Kd values for Activities associated with this work were
acceptable QA procedures (e.g., Altman, et al., 1988), or if data were not plutonium, uranium, and neptunium are 0-listed. All determined to be subject to the quality
collected under an established QA program, they have been qualified under other Kds and Kd distributions have Not Qualified QA assurance program as described in the
appropriate QA procedures. status. Quality Assurance Requirements and

Description (QARD) document.
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Key Technical Issue: Radionuclide Transport
Acceptance Criterion . I RT IRSR Rev 1 Status | DOE Comment

Subissue 2 - Radionuclide Transport through Alluvium
1 a For the estimation of radionuclida transport through alluvium, DOE has: The status of this subissue is tied closely to SZ performance assessment calculations
Determined, through PA calculations, whether radionuclide attenuation subissue 1. However, additional uncertainty is a indicate these processes are Important.
processes such as sorption, precipitation, radioactive decay, and colloidal result of the very limited information collected to date
filtration are important to performance. on the mineralogy, groundwater chemistry, and flow

systems of the alluvium.
l b For the estimation of radionuclide transport through alluvium, DOE has: (i) The status of this subissue is tied closely to Kd is assumed to be zero for C and Cl.
Assumed Kd is zero and radionuclides travel at the rate of groundwater flow, if it subissue 1. However, additional uncertainty is a
has been found that radionuclide attenuation is unimportant to performance and result of the very limited information collected to date
it can be demonstrated that this assumption is conservative in which case on the mineralogy, groundwater chernistry, and flow
Criteria 2 and 3 do not have to be met or, (ii) demonstrated that Criterion 2 or 3 systems of the alluvium.
has been met, If radionuclide attenuation in alluvium is important to performance
or if an assumption that Kd is zero in alluvium is not conservative.
2a For the valid application of the K, approach, using equation (1) R. = 1+ The status of this subissue is tied closely to SZ fluid flow in the alluvium is likely to be
pbKJn, DOE has: Demonstrated that the flow path acts as a single continuum subissue 1. However, additional uncertainty Is a well represented using a porous
porous medium. If the flow can not be shown to be a single continuum porous result of the very limited information collected to date continuum conceptual model. Data to
medium, then the acceptance criteria for radionuclide transport in fractured rock on the mineralogy, groundwater chemistry, and flow quantify the alluvial portion of the flow path
apply. systems of the alluvium. are sparse, and hydrologic parameters

used In numerical models should be
considered to be bounding.

2b For the valid application of the Kd approach, using equation (1) -= 1+ The status of this subissue is ted closely to SZ transport of sorbing solutes in porous
pJ(Jn, DOE has: Demonstrated that appropriate values for the parameters, subissue 1. However, additional uncertainty is a media is a subject that has been well
n or , and pb have been adequately considered (eg., experimentally determined result of the very limited information collected to date studied. Therefore, it is reasonable to
or measured). on the mineralogy, groundwater chemistry, and flow assume that the transport velocities of

systems of the alluvium. sorbing radionuclides in the alluvium can
be conservatively represented using an
equilibrium sorption coefficient. Sorption
coefficients onto alluvium from the Nye
County wells have been measured for a
few key radionuclides; for the remaining
radionuclides, sorption coefficients have
been estimated based on the
corresponding values measured for
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Key Technical Issue: Radionuclide Transport

Acceptance Criterion RT IRSR Rev 1 Status DOE Comment
crushed tuff. Recent evaluations of K for
Np, Tc, and I have been accomplished for
alluvium.

2c For the valid application of the Kd approach, using equation (1) R =-1+ pbJn, The status of this subissue is tied closely to Sorption is incorporated into the site-scale
DOE has: Demonstrated that the following assumptions (i.e., linear isotherm, subissue 1. However, additional uncertainty is a SZ flow and transport model using a linear
fast reversible sorption reaction, and constant bulk chemistry) are valid, result of the very limited information collected to date isotherm model.

on the mineralogy, groundwater chemistry, and flow
____________________________________ systems of the alluvium.

3a For the valid application of process models such as surface complexation, ion The status of this subissue is tid closely to Saturated zone fluid flow in the alluvium Is
exchange, precipitationrdissolution, and processes involving colloidal material. subissue 1. However, additional uncertainty is a likely to be well represented using a
DOE has: Demonstrated that the flow path acts as a single continuum porous result of the very limited information collected to date porous continuum conceptual model. Data
medium [See USFIC IRSR, deep percolation on subissue describing methods of on the mineralogy, groundwater chemistry, and flow to quantify the alluvial portion of the flow
estimating matrix properties as parameters]. systems of the alluvium. path are sparse, and therefore the

hydrologic parameters used in numerical
models should be considered to be

_________________________________________________ _ _ bounding.

3b For the valid application of process models such as surface complexation, ion The status of this subissue is tied closely to Saturated zone transport of sorbing
exchange, precipitation/dissolution. and processes involving colloidal material, subissue 1. However, additional uncertainty is a solutes in porous media is a subject that
DOE has: Demonstrated that appropriate values are used in process models. result of the very limited information collected to date has been well studied. Therefore, it is

on the mineralogy, groundwater chemistry, and flow reasonable to assume that the transport
systems of the alluvium. velocities of sorbing radionuclides in the

alluvium can be conservatively
represented using an equilibrium sorption
coefficient. Sorption coefficients onto
alluvium from the Nye County wells have
been measured for a few key
radionuclides; for the remaining
radionuclides, sorption coefficients have
been estimated based on the
corresponding values measured for
crashed tuft. Recent evaluations of
sorption coefficient for neptunium,
technetium, and iodine have been
accomplished for alluvium.
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Key Technical Issue: Radionuclide Transport

Acceptance Criterion RT IRSR Rev 1 Status DOE Comment
3c For the valid application of process models such as surface complexation, Ion The status of this subissue is tied dosely to Sorption Is incorporated into the site-scale
exchange, precipitationldissolution, and processes involving colloidal material, subissue 1. However, additional uncertainty is a SZ flow and transport model using a linear
DOE has: Demonstrated that the three implicit assumptions (as In 2c) are valid, result of the very limited information collected to date isotherm model.
if process models are Intended to yield a constant Kdfor use in equation (1); on the mineralogy, groundwater chemistry, and flow
otherwise determined transport in a dynamic reactive transport system model systems of the alluvium.
(e.g., PHREEQC, MULTIFLO, HYDROGEOCHEM, etc.)

4 Where data are not reasonably or practicably obtained, expert judgement has The status of this subissue is ted closely to No expert elicitation was conducted.
been used and expert elicitation procedures have been adequately documented. subissue 1. However, additional uncertainty is a
If used, expert elicitations were conducted and documented in accordance with result of the very limited information collected to date
the guidance in NUREG-1 563 (Nuclear Regulatory Commission, 1998) or other on the mineralogy, groundwater chemistry, and flow
acceptable approaches systems of the alluvium.
5 Data and models have been collected, developed and documented under The status of this subissue is bed closely to Activities associated with this work were
acceptable QA procedures (e.g., Altman, et al., 1988), or if data were not subissue 1. However, additional uncertainty is a determined to be subject to the quality
collected under an established OA program, they have been qualified under result of the very limited information collected to date assurance program as described in the
appropriate OA procedures on the mineralogy, groundwater chemistry, and flow Quality Assurance Requirements and

systems of the alluvium. Description (QARD) document.
Subissue 3 - RADIONUCUDE TRANSPORT THROUGH FRACTURED ROCK

Ia For the estimation of radionuclide transport through fractured rock, DOE has: Closed Performance assessment calculations
Determined, through PA calculations, whether radionuclide attenuation have determined that such processes are
processes such as sorption, precipitation, radioactive decay, and colloidal important
filtration are important to performance.

Sorption in the fractures is neglected in the
PA transport evaluations because of
.limited data and the conservative nature of

.__ _ _ _ _ _ the assumption.

lb For the estimation of radionuclide transport through fractured rock, DOE has: Closed Kd is assumed to be zero for C and Cl.
Assumed Kd (or KA) is zero and radionuclides travel at the rate of groundwater
flow through fractures, if it has been found that radionuclide attenuation in
fractures is unimportant to performance and it can be demonstrated that this Sorpon in the fractures iisneglected in the
assumption is conservative. In this case Acceptance Criterion 2 does not have PA transport evaluatons because of
to be met. limited data and the conservative nature ofthe assumption.
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Acceptance Criterion RT IRSR Rev 1 Status DOE Comment

Ic For the estimation of radionuclide transport through fractured rock, DOE has: Lacking a geostatistical analysis, this criterion has Chloride hydrochemical groundwater data,
Justified the length of the flowpath to which these fracture transport conditions not been met as weE as other chemical and isotopic data
apply. and the potentioretric srface map have

been used to constrain SZ flowpaths.

Sorption in the fractures is neglected in the
PA transport evaluations because of
limited data and the conservative nature of

______ _____ _____ _____ _____ _____ _____ the assu mn ption .

2a If credit is to be taken for radionuclide attenuation in fractured rock, DOE has The estimation of transport through fractured rock is SZ model of fracture flow and matrix
Demonstrated the capability to predict breakthrough curves of reactive, relatively untested. Consequently, this criterion is not diffusion consistent with data. Sorbing
nonreactive, and colloidal tracers in field tests. met. tracer (U) breakthrough consistent with

combined matrix diffusionlsorption model.
The NC stff cnsidrs te crss hle racti Microspheres break through slightly earlier

tar tests, like those at the C-hole complex u th salutes earlea
Busted Butte facility to be crucial to demonstrate the
capability to predict transport. Sorption in the fractures is neglected In the

performance assessment transport
evaluations because of limited data and
because of the conservative nature of the
assumption.

2b If credit Is to be taken for radionuclide attenuation In fractured rock, DOE has: The NRC staff considers this criterion is being met The saturated zone model of fracture flow
Demonstrated nonradioactive tracers used in field tests are appropriate with regard to the Busted Butte and C-well complex and matrix diffusion is consistent with data.
homologues for radioelements. tests. The NRC staff will continue to track the tests Sorbing tracer (U) breakthrough is

to assure this criterion is met consistent with combined matrix
diffusion/sorption model. Microspheres
break through slightly earlier than solutes,
but are attenuated.
Sorption in the fhactures is neglected in the
PA transport evaluations because of
limited data and the conservative nature of
the assumption.
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Key Technical Issue: Radionuclide Transport

Acceptance Criterion RT IRSR Rev I Status DOE Comment
2c If credit is to be taken for radionuclide attenuation in fractured rock, DOE has. Lacking a geostatistical analysis, estimation of the Chloride hydrochenical groundwater data,
Justified the length of the flowpath to which these fracture transport conditions fractured pathway length should err on the side of as well as other chemical and isotopic data
apply. conservatism. This criterion has not been met and the potentiometric surface map have

been used to constrain SZ flowpaths.
Sorption In the fractures is neglected in the
PA transport evaluations because of
limited data and the conservaive nature of
the assumption.

3 Where data are not reasonably or Practicably Obtained, Expert Judgement Status of this criterion is not applicable because this No expert elicitation was conducted.
has been used and Expert Elicitation procedures have been adequately process has not been conducted.
documented. If used, Expert Elicitations were conducted and documented in
accordance with the guidance in NUREG-1663 (Nuclear Regulatory
Commission, 1996) or other acceptable approaches. Expert Elicitation and
sensitivity analyses should not be used as a replacement for experimental and
field data, where such data can be reasonably obtained.
4 Data and models have been collected, developed and documented under The NRC has expressed concerns about the DOE's Activities associated with this work were
acceptable QA procedures (e.g., Altman, et al., 1988), or if data were not QA program. Status of this criterion is to be determined to be subject to the quality
collected under an established QA program, they have been qualified under determined. assurance program as described in the
appropriate QA procedures Quality Assurance Requirements and

Description (QARD) document.

SUBISSUE 4 - NUCLEAR CRITICAUTY IN THE FAR FIELD
I DOE has determined the probabilities of scenarios that lead to the TBD - resolution will be based on topical report The Disposal Criticality Analysis
accumulation of a critical mass of fissie material Into a critical configuration Methodology Topical Report has been
within 10,000 years in the farfield using appropriate site characteristics. developed and submitted to the NRC. A

draft NRC Safety Evaluation Report has
been released.
FEPs screening considers event of far field
occurrence to be low probability
Analyses show no significant effect on
calculated performance in first 10,000
years, even if waste packages are
breached.
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2 For those scenarios that have probabilities greater than 10'7, the DOE has TBD - resolution will be based on topical report The Disposal Criticality Analysis
detenrined their effects on perfornance Methodology Topical Report has been

developed and submitted to the NRC. A
draft NRC Safety Evaluation Report has
been released.
FEPs screening considens event of far field
occurrence to be low probability

Analyses show no significant effect on
calculated performance In first 10.000
years, even if waste packages are

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ breached.
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