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APPENDIX A
Acronyms and Abbreviations

BIUIGFLO_T -

CDF
CCDF
CFR
Cx
DINO
DOE
DOE-EM

DOE-RW
DSNF
DHLW
DTC
DTHX
DX
ENDF
EPA
FEPs
FYI?
GTC
GW
HEu
HLw
INEL

INEEL
Kx
LANL
LASL

LEU
LMFBR
LMITCO

MCNP

MDs

MFP
MPc

Brine (Groundwater) and Gas Flow In Thermal in
Hydrologic Code
Cumulative Distribution Function
Complementary Cumulative Distribution Function
Code of Federal Regulations
static criticality
Fully coupled Nuclear Dynamics and Thenna.1Hydrologic Code
United States of hnerica Department of Energy
Department of Energy/Office of Environmental
Management

Department of Energy/Office of Radioactive Waste
Defense Spent Nuclear Fuel
Defense High-Level Radioactive Waste
Doppler Temperature Coefficient
Nuclear Dynamics coupled with Thermal Hydrology Model
Nuclear Reactor Dynamics
Evaluated Nuclear Data File
Environmental Protection Agency
Features, Events, and Processes
Fission Yield Product
Ground Temperature Conditions
Groundwater
Highly Enriched Uranium
High-Level radioactive Waste
Idaho National Engineering Laboratories
(Acronym prior to INEEL)
Idaho National Engineering and Environmental Laboratory
Nuclear Kinetics
Los Alarnos National Laboratories
Los Alarnos Scientific Laboratory
(Acronym prior to LANL)
Low-Enriched Uranium
Liquid Metal Fast Breeder Reactor
Lockheed Martin Idaho Technologies Companies, Inc.
Megabytes
Monte Carlo N-Particle (previously Monte Carlo code
“forNeutron and Photon transport)

Multi-Dimensional Sensitivity
Moderator to Fissile ratio
Mean Free Path (for a,neutron)
Multi-Purpose Canister
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MTHM
M&O
NARK
NAWG
NDCA
NF
NJOY
NSNFP

NWPA
ODE
OIUGEN
PA
PDF
PRA
QA

RNcs
RKeff

RNAG
ROM
RW

S(a,p)
sAPHIRE
SLAM
SNF
SNL
TFM

TRu
UDx

WPG
WIPP

YMs
YR

Metric Tons Heavy Metal (one metric ton = 1000 kg)
Maintenance and Operations
NucleAr Reactor Kinetics code
Nuclear Analysis Working Group
Nuclear Dynamics Consequence ihi.lysis
Nordheirn-Fuchs Approximation
Neutron Cross-Section Library generation code
National Spent Nuclear Fuel Program
Nuclear Waste Management Program
Nuclear Waste Policy Act
Ordinary Differential Equations
Oak Ridge National Laboratory Radionuclide Decay code
Pefiormance Assessment
Probability Density Function
ProbaMlistic Risk Analysis
Quality Assurance
Radiation Absorbed Dose
Repository Nuclear Code System
Repository K-effkctive (Pre-and Post- Processor Code for
MCNP)
Repository Nuclear Amlysis Group (located at SNL)
Rough-Order-of-Magnitude
Radioactive Waste
Thermal Scattering Kernel
Fault Tree Analysis Code (for PRA)
Monte Carlo Simulation Code (for PRA)
Spent Nuclear Fuel
Sandia National Laboratories
Thermal Fissile Material
Thermal-Hydrology Model
Tmnsumnic
Uncoupled Nuclear Dynamics Model
University of New Mexico
Weapons-Grade Plutonium
Waste Isolation Pilot Plant
Yucca Mountain Project
Yucca Mountain Site
Year
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APPENDIX B

Background on Performance Assessment (PA) Process

B.1 Overview

The process of assessing the performance of any technological system is termed
“performance assessment” (PA). However, the term has taken on a specialized meaning
among risk analysts and systems engineers since it was first defined in the Environmental
Protection Agency (EPA) Standards, 40 CFR Part 191 (EPA, 1985). Performance
assessment in this context is a structured methodology for detenninin g the compliance of
geologic nuclear waste repositories with established federal rules and standards.
Formally, PA can be defined as, “a structured plan of investigation in which (1) features,
events, and processes (PEPs) associated with a system are identified and ranked
according to the degree that they tiect system behavior, (2) the effects of significant
FEPs on system performance are examined by means of mathematical models, taking
into account all known uncertainties in model formulations and model parameters, and
(3) the results of system performance, including the uncertainty of those results, are
presented in probability distributions for system performance measures: (EPA 1985). A
detailed, qualitative discussion of the PA process is provided in Rechard 1995z Tiemey
1995, and Helton 1993.

With respect to nuclear criticality, the most important part of the PA methodology is the
“FEPs screening”. The FEPs screening determines if each identified FEP plays an
essential role in the performance of the system. The screening process proceeds by
asking the following three questions for each FEP:

(1) Is the presence or occurrence of the FEP highly improbable?

(2) If the FEP is assumed to be present or may occur at some time during the period of
performance of the system would its presence or action cause only minor changes
in normal system performance?

(3) Does the FEP fall into a regulatory category allowing it to be eliminated?

If the wer to either question is “yes; the FEP and its effects can be ignored in the PA
model-building process. The ultimate goal of the NDCA project is to provide the basis
for FEPs screening arguments for post-closure nuclear criticality of spent nuclear fuel in
the Yucca Mountain Repository without requiring criticality safety enhancements for the
waste packages.

Figure B-1 identifies the overall relationship belsveen nuclear criticali~, repository
petiormance assessment (PA) and the decision analysis tools that determine the minimum
required accuracy (data quality objectives, DQOS) for the waste characterization of SNFS
regarding their acceptance into a geologic repository. Figure B-1 shows that

(1) Nuclear criticality is comprised of two components:
a) Consequences of a critical assembly nuclear excursion (power producing

neutron chain reactions)
(I) Newly generated heat



(2) Radionuclide inventory (addition of new fission products to a post-closure
repository.

b) Probability (and associated frequency of occurrence) of a critical assembly

(2) Nuclear criticali~ is integrated into the repository PA process in one of two ways:
(a) Nuclear criticality consequences and probabilities are used in the screening

process for features, events, and processes (FEPs).
(b) Nuclear criticality consequences are directly integrated into the PA

consequence modeling if those consequences significantly influence the
pefiormance of the repository.

(3) If the PA results identi~ health risk from the repository, the following factors are
included into the system life cycle costs:

4)

a)
b)
c)
d)

risks (doses due to releases to the environment),
costs,
schedule (transportation conditioning of fiel, etc.),”and
system constraints (e.g., prearranged agreements with state governments for a
prioritized shipment of SNF or high-level waste, HLW).

Decision analysis tools rue used to iden~ which set of activities (i.e., a unique
path through the decision event trees) results in the optimum combination of risks,
costs, schedule, and constraints. Unlike simple cost/benefit analysis, which may
use linear”programming techniques, the decision analysis tools applied in this
process are stochastic. Thus, lfie cycle costs are presented as probabilistic
distributions, and confidence levels associated with life cycle costs are identifiable.
From these cost distributions, quantifiable parameters, such as mean costs,
probabili~ of failure (e.g., probability of 50% cost overruns), probability of
~erent states of transportation scheduling (e.g., botienecks due to
shippingkeceiving), and so on, become readily app=nt. Also, since the
mathematics for stochastic analysis is similar to that used for repository PA, the
PA regression analysis techniques can also be used to identi~ the relative
contribution of individual activities to the total system life cycle costs and their
associated uncertainties. The analysis of activity sets can be pefiormed through
~o major approaches:

(a)

(b)

Prescriptive System Prioritization Method, in which only preselected sets of
activities are considered for analysis. Thus these sets are analyzed in a
diagnostic mode only (see Beak 1996; 1997, Harris 1996 and Helton 1996).

Generalized Stochastic Cost/Risk Tools, in which prospective activities (and
associated costhisk distributions) can be generated and investigated as part of
the life cycle cost analysis. Thus, analysis can be pefiormed to iden@
necessary cost reductions to existing activity sets in order to make them viable
approaches.

.
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REPOSITORYPERFORMANCE
INPUT VARIABLES ASSESSMENT

CRITICALITY

1. Risks (releases toenvironment
2. Costs (indollars)

CliticarityECIJlson
Chsoqwnc8s

3. Schedule (time)
4. Constraints (regulatory)

DECISION ANALYSIS

Deoisionevent trees that identi@viable No
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of wets, schedule, and risks NO
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Figure B.I-l. Determination of optimal method for spent nuclear fiel disposal in a
geological repository.
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A detailed ihstration of how nuclear criticality analysis is incorporated into the
repository PA process is shown in Figure B. 1-2. As can be seen, the preliminary steps in
the process are the identification of the possible scenarios that could ultimately contribute
to repository risks (i.e., releases from the repository to the accessible environment).
There are various methods for scenario development (see Table B.1-1).

NUCLEAR CRITICALITY

Repository Performance
Assessment Scenario Development Methods’

b) Ganeraliiad Event Trees
c) Barner Method
d) Ad Hoc Scenario Construction

)

(2) Features,

.

/ / \

NucIear Criticality Analysis

1) Crilkalii ExcursionConaaquence5 (FY9~ 2) Probabilii and FrequencyNub@
a) Use “RKefFto identifyatticalmaaskoncenfdkm a) Use a consdklated code wtrii incorporates

geometriesmatatkcalculations geochemistry,geohydrology,etc., to identify

b) Ike “NARICto detarmineenergym!eaaafrom probabi~ andfrequenciesof internal,

~aXCUISiOnS mdynamiocalculations rrear-f%ldand far-rieldcriticalii.

Figure B.1-2. How nuclear criticality analysis is incorporated into the PA process.
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Table B.I-l. Scenario Development Methods

Method Abbreviated Description
a) Fault Trees Classical probabilistic fault trees can be used to

identi@ fidicators and probabilities of occurrence.
b) Generalized These trees are similar to fault trees, except that they

Event Trees only use “and” operations.
c) Barrier In this approach the problem is reverse-engineered in

Event Trees that the barriers that must be overcome, for a repository
to have significant releases, are identified.

d) Ad HOC Often a special conditional scenario is developed. This
Scenario “ad hoc” scenario identifies a specific set of events that
Construction may possibly (even if it is not probable) result in a

significant release.

Figure B.1-2 also indicates the use of criticality excursion consequences and probability
and Ilequency FEP screening arguments. As discussed in Seetion 1.1.3, FEPs em be
screened out (i.e., identified as being reasonably insignificant) if the probability of
occurrence is less than 104 over the regulatory time *e, the consequences are
insignificant or both. Obviously, if criticality has a significant cumulative effect on the
releases from a repository, the consequences of criticality must become a standard
subpart of the PA consequence modeling. The FEPs can also be screen based on their
consequences. However, the regulations do not idenfi a limit for consequences that ean
readily be applied to criticality. Thus, if the consequences Iiom nuclear excursions are
not small enough to screen out the criticality FEPs or to satisfy the governing regulator,
then the probability and frequency (yielding cumulative occurrences) will also be needed.
This analysis could be dii%cult to perflorm if much detail is required. The most
Straightforward approach is to use PA computational results to iden@ initiating
occurrences of nuclear excursions in the various repository regions: internal, near-fiel~
and far-field. Follow-up calculations can then be used to determine the expected
frequencies of re-occurrence of an excursion. This process would require use of many of
the PA codes and significant computational resources. A possible approach tlmt wo~d
streamline the analysis may be to model only the basic physics related to a criticality (i.e.,
corrosion mechanisms, groundwater transpo~ precipitatio~ etc.) in a single consolidated
code. Thus, if the key input parameters are (Monte Carlo) sample~ the output database
could be analyzed for the probabilities of internal, near-fiel~ and ftir-field eriticalities.

The last important feature of Figure B. 1-2 is the inclusion of criticality consequences in
the PA consequence modeling. Moverover, the PA can be computed by using various
mathematical approaches as shown in Figures B.1-3 through B.1-6: (1) General
Probabilistic Risk Approaches (“Simple” PA)~igure B.1-3], (2) Parameter Estimation
Pefiormance Assessment (“Abstraction” PA)~igure B.1-4], (3) Fully Stochastic
Performance Assessment (“Complex” PA)@?igures B.1-2 and B.1-5], and (4) “Hybrid
Abstraction” Approach (Figure B.1-6). Thus as illustrated in these figures, there are



several approaches for PAs. The preferred approach would obviously be the simplest
(level of treatment) that would identi~ compliance measures and is acceptable by the
regulatory agency. Thus, the first attack on the problem may be a general probabilistic
risk approach at any of the identified levels of treatment identification of hazard, worst
case, or quasi-worst case plausible upperboun~ “best estimate” central value, probability
and risk analysis, and display of risk uncertainties (Pate-Cornell, 1996).

A second approach would be the parameter estimation PA. The physics in this situation is
decouple~ and the codes are run independently and parallel prior to Monte Carlo
sampling. Codes are run in a sensitivity analysis and produce a results database; this is
referred to as an abstraction. Later in the process, abstractions can be interpolated for the
purpose of pefiorming more calculations and producing more results. This approach can
best be desctibed as an “abstraction” of the PA.

A third approaclq which is opposite of the parameter estimation PA is Monte Carlo
sampling. This method is more complex than the other two approaches, is a fhlly
stochastic PA, and produces probabilistic results. Major codes run in a series after Monte
Carlo sampling for all conditional scenarios. Flags are set for entire sets of codes so that
each conditional scenario is separate. The physics is coupled throughout the scenarios,
and each scenario produces its own computational results. These results are combined
together to produce probabilistic results that are associated with confidence limits. A
summary of PA mechanisms for consequence modeling is provided in Table B. 1-2.
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1.) General ProbabilisticRisk Approaches

+??ll-?!i!!%-’r=
-1 “o

o

0

Thereare six levelsin the treatmentof uncertaintyin riskanalysis(seeRef. Pate-Comell,1996)”

1.) Identificationof hazard 4.) “Bestestimate”centrrd(?)value

2.) Worstcase 5.) ProbaMlityand risk analysis

3.) Quasi-worstease: Plausibleupperbound 6.) Dqlay of riskuncertainties

* Manysmall-scaleprobabilisticrisk analysesusethe “QuUi-worstcase”fault tree type
approach.

Figure B.1-3. Simple performance assessment approaches.

2.) ParameterEstimationPefiormanceAssessment
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Figure B.1-4. Abstraction performance assessment approach.



3) Fully StochasticPerformanceAssessment
- Major males run in series after sampling for all conditiord scenarios

( Information 1vParameters
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Figure B.1-5. Complex performance assessment approach.
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Figure B.1-6. Hybrid performance assessment mechanisms.
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Table B.1-2 Performance Assessment Mechanisms for Consequence Modeling.

Application

Major Category Simple
Complex Process Result Types

procw5(a) Preliminary Detailed
Study Study ‘b)

1. Ad hoc, fault trees or x x Conservative upper bound
generalized event estimate of release
trees

2. Stochastic PA x x Probabilistic estimate of
assigning parameter release
estimation ‘c)

3. Stochastic PA using x Probabilistic estimates for
independent release for all conditional
conditional
scenarios@

scenarios and estimated
uncertainties associated
with calculated releases

. . . --- .
a)

b)

c)

d)

Simple processes (SPS) may correspond to simple (small scale) analyses, such as the
analysis of near-surface groundwater contamination because of leaking gasoline
storage tanks at service stations.
Complex processes (CPS) may correspond to large-scale analysis, such as a geologic
repository in which many conditional scenarios may exist for which the physics is
complex (e.g., corrosion mechanics in a sealed repository would change the
environment from aerobic to anaerobic).
An e~ple of a PA using SP is the Yucca Mountain Project TSPA (Wilso~ 1994)
which uses existing computational results (in the form of response surfaces) in an
interpolator process to estimate the net results.

An example of a PA using CPS is Rechard 1998 which conducted detailed
calculations for each sampled realization.

For a conditional scenario such as criticality, the hybrid peflormance can be used (see
Figure B.1-6). This could be done by using the FY97 INEEL/PA codes as part of a small
sensitivity analysis to generate an abstraction. The codes would be executed in a specific
sequence to allow the proper coupling of the physics models for internal, near-fiel~ and
fa-field scenarios. The output could be formulated as an abstraction. Once the
sensitivity analysis has been completed and the results are foun~ the process is identical
to parameter estimation PA.
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B.2 Definition of Criticality in Performance Assessment

Previous discussion identifies that from a PA perspective, “criticality” is viewed in terms
of “risk” (probability x consequences). The term “criticality” has different connotations
to non-PA analysts and is defined differently in the literature, depending upon the
specific discussion and intended context. Safety personnel define it as a subcritical limit
for fissile mass accumulated in the system (and call it “criticality stiety”). For these
experts, the storage, handling, and transportation of fissile mass is the primary concern.
In a repository, nuclear criticality stiety constrains the desi~ maintenance, and
operation of the repository more than other factors and disciplines involved in the
repository analysis. As identified in 10 CFR 71, the transportation critical safety limit
corresponds to the general limit of the neutron multiplication factor, kff, which is km (and
its associated bias and uncertainty error)s 0195. Even this simple safety requirement can
be misleading to the general public since it is possible to iden@ fissile assemblies in
which the fissile mass would need to be increased by at least an order of magnitude to
produce ~ff = 1.0. In contrast, it is also possible to identi~ a situation wherein only a
minor addition of fissile mass is needed to increase I@ from 0.95 to 1.00. For application
to the Yucca Mountain Repository, criticality requirements are identified in 10 CFR 60
and are discussed in Section 2.1.1. Utiortunately, the current requirements in 10 CFR 60
do not clearly speci~ whether the definition of “criticality” corresponds to “criticality
safety” or “criticality consequences” (i.e., the results of a criticality excursion). This
issue as been discussed in McLaughlin 1996 (Section 1.1.5).

The criticali~ consequences of a nuclear excursion in a repository may be comparable to
those from previous criticality accidents involving small quantities of fissile material.
These accidents resulted Iargely because of deficiencies in processes, equipmen~
maintenance, training, or supervision. Much of the responsibility for the series of six
criticality accidents in the U.S. between 1958 and 1964, and the ten criticality accidents
occurring between 1953 and 1960 and 1963 through 1978 in the former Soviet UnioU
were due to a lack of administrative control during a time of expanding production of
enriched fissile material (see Table B.2-1). Criticality accidents occurring in aqueous
systems in processing pkmts an~ to a lesser degree, moderated metal and oxide systems
are comparable to e~ected consequences of a nuclear excursion in a geologic
repository. The processing plant accidents would involve critical systems that have
significant moderation (near optimal moderation) because of water, and they would best
resemble worst-case moderator situations produced by long-term corrosion processes
resulting in the reconfiguration of fissile material. Of particular interest are the net
consequences of the accident excursio~ which indicate that the energy released
(expressed in total and prompt fissions), while being deadly to humans in the immediate
vicinity, is trivial with respect to additional fissions and mechanical damage capability
(see Tables B.2-1 and B.2-2 for energy releases).
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Table B.2-l. Criticality Accidents in Processing Plants.

USA’

Date Plant Total Prompt Dosw Cause
Fissions Fissions @ads)

)6/16/58 Y-12 1.3x 10’8 7 x 1016 365,339,327, U235 solutionwashed into
270,236,69, drum
69, and 23

12/30/58 LASL 1.5 x 10’7 1.5x 1017 4400 (fatal), Plutonium concentrated
135, and 3 in solvent layer

10/16/59 ICPP 4 x IOIY lo” 50 and32 U235 solutionsiphoned
(primarilybeta) into tank

lR5/61 ICPP 6 X 10’7 6 X 10’7 None U235 solution forced into
cylinder by air

04/7162 Hanford 8.2 X 10’7 10” 87,33, and 16 Plutoniumsolutionin
Recuplex sumpsucked intotank

07124164 WoodRiver 1.3x 10’7 10” 10,000(fatal), U235 solutionpouredinto tank
Junction TWO 60 to 100

10/17/78 ICPP 3 x 10” unknown None U235buildup dueto
dilutedscrub solution

UK”

08/24/70 Windscale 101’ lo” Negligible Plutonium concentratedin
trappedsolution

USSR**

Date Plant Total Prompt Doses Cause
Fissions Fissions @ads)

03/15/53 Mayak 2.5 X 1017 NIA 100and 1,000 Radioactivesolutionleaked
Enterprises,the fromvesselduringtransfer
Ulals tim concretecell

04/21/57 Mayak 2 x 1017 NIA Onefa@ five Uraniumsolutionleakedfrom
Enterprises,the debilitating chamber
Urals

0112158 Mayak 2.3X 10’7 NIA Four fatal, one HEUSejectedfromholding
Enterprises,the debilitating tank
Urals

12/5/60 Mayak lo” NIA 5 Plutonium concentration too
Enterprises, the high in solution
Urals
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Table B.2-1. Criticality Accidents in Processing Plants (Continued).

USSR”*

Date Plant Total Prompt Doses Cause
Fissions Fissions @ads)

08/14/61 Siberian 5 x 1015, lJIA 200 Increasein temperatureand
Chemical ~@7 equipment malfunction
Combine

0917/62 Mayak 2x 10” lWA Insignificant Plutonium left undissolved
Enterprises, the
Urals

01/30/63 Siberian 7.9 x 1017 l’llA Four6to 17 HEUsolutionwas dividedand
Chemical transfemedto differentvessels
Combme

12/13/63 Siberian 2.7 X 10’7 NIA Insignificant Vacuumvalveto the trap was
Chemical shut Off

Combme
11/13/65 Electrostal’, 10’> WA 3.5 Power accumulation in water

Fuel reservoir
Fabrication
Plant ,

12/16/65 Mayak 7 x 10’7 NIA <0.03 Uranium mass exceeded safety
Enterprises, the Margin
Urals

12/10/68 Mayak 5 x 1017 NIA One fa@ one Plutoniumconcentrationtoo
Enterprises,the debilitating high
Urals

12/13/78 Siberian 3 x 1o’” NIA One250 to 200, Plutoniummass in containers
chemical Seven5 to 60 too high
Combine

‘TakenfromPaxton 1980. (Datavaluesalso found in Stratton,1989).
‘*TakenfromFrolovet al. 1995.



Table B.2-2. Criticality Accidents Involving Moderated Metal and Oxide Systems*.

Date Plant Total Prompt Doses Cause
Fissions Fissions @ads)

06/06/45 LANL 4 x 10” 3 x 1015 66,66, and 7.4 Water leaked into assembly

1950 Chalk River unknown NIA NA Excess moderator added

06102152 LANL 1.22X 10” N/A 135, 127,60, and 9 Control removed, water not
removed

Date Plant Total Prompt Doses
Fissions Fissions @ads)

12/12/52 Chalk River 1.2 X10W N/A Low

I
07/22/54 INEEL 4.68 X 10’s N/A NIA

, ,
10/15/58 Vinq 2.6 X 10J& NIA 205,320,410,415,

Yugoslavia 422, and433
,

03/15/60 Saclay, 3 x lo” ~lA NIA
France

01/03/61 INEEL 4.4 x 1018 NIA 3 fatalities
,

11/05/62
I

INEEL I 1 x 1018 I N/A I NIA

12/30/65 MoI, Belgium 4.3 x 10]7 NIA NIA

09/23/83 I Buenos Aires, I 4 x 101’ I NIA I Low
fhgentina I

‘ Data from Stratton, 1989.

Cause

Positive void coefficient

Planned transient extended

Faulty power monitoring

Removalof absorberrod

Removal of control rod

Plannedtransientexceeded

Inappropriate operation
plus not drainiig tank

Failureto draintank

When fission occurs in a fissile mass, whether it is caused by uranium or plutonium, the
event results in the production of energy, fission fragments, neutrons, and various types
of radiation (gannrq be~ etc.). For aboveground nuclear events, it is the prompt
radiation production from fission that is of greatest concern because it could be lethal to
humans in the immediate vicinity. In an underground repository, humans would not be
present at the time when future corrosion/groundwater mechanisms could dilute,
franspo% and reconcentrate fissile material to possibly produce conditions yielding a
nuclear excursion. Thus, the doses from post-closure prompt fission radiation would not
bean issue of concern for geologic repository designs. The doses of concern would only
be those delayed doses produced through the transport of the additionrd radioactive
fission yield products to the accessible environment. The dose contribution due to
additional excursions, as shown in the repofi are insignificant in comparison to the dose
contribution associated with the initial repository radlonuclide inventory. Furthermore,
by the time that sufficient fissile material has accumulate to cause a criticality, the water ,,
would probably have transported away significant quantities of the radionuclides from
the original inventory.
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The effects of prompt (mainly neutron and gamma) exposure on humans for a iypical
aqueous accident excursion (approximately 1017prompt fissions) can result in a fatality
for personnel within several meters of a critical assembly (fatalities are highly probable
at distances less than three meters from an unshielded critical assembly, Knief 1985).
The probability of a fatality drops off for large distances from the assembly (the spatial
dependency of the exposure upon distance is due mainly to the geometrical spread of the
radiation). Since there is significant shielding between post-closure fissile material in an
underground geologic repository and the accessible environmen~ prompt exposures to
humans are improbable and should not bean issue in the performance assessment of the
repository. However, the regulatory compliance criteria for the proposed Yucca
Mountain Repository remain uncerta@ these criteria maybe based entirely on release
probabilities, risk to humans, or a combination of the two (Kastenberg, 1997).

,.

,-
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APPENDIX C

Source Term

The initial source term for a consequence analysis of the proposed Yucca Mountain high-
level radioactive waste repository (YMP) includes DOE-owned spent nuclear fiel
(DSNF) and high-level waste forms (DHLWS), as well as commercially generated spent
nuclear fuel (SNF). *The YMP is designed for a capacity of 75,000 metric tons of heavy
metal (MTHM, 42 U. S. Code 10101 et seq), of which approximately 10Yo,or 7,000
MTHM, can be DSNF and DHLW. As this analysis shows, commercial SNF dominates
the source term to an extent that minimizes the impact of DOE-owned waste.

As now envisioned, approximately a third of the DOE-owned waste, 2,831 MTHM, is
DSNF and the balance, 6,960 MTHM, is DHLW. The DSNF include three categories of
enrichment

(1) low-enriched uranium (LEU): < 2% enrichment
(2) medium enriched uranium (ME’U):2% to 20 % enrichment
(3) highly enriched uranium (HEU): >20% enrichment

In the 1997 performance assessment (PA) of the defense wastes that are to be disposed in
at YMP, the waste was categorized into sixteen types: 15 SNF categories and one HLW
category (Rechar& 1997). The two commercial SNF categories are commercial
pressurized water reactor and boiling water reactor fhels (see Table Cl-l).

Tables C.1-2 lbrough Cl-l 1 presents various aspects of the projected YMP inventory:
“the MTHM, activity (curies) of the radionuclides in the inventory, fission yield products,

fissile conten$ and some other parameters that may impact pefiormance of the YMP
repository. The radionuclide inventory, h all its aspects, is the fundamental oomponent
of a source term because the environmental standard for the repository defines the
allowable releases to the environment. Both the radionuclide and the mass inventories
are important to assessing performance. If the standard is dose-base~ the allowed
fkotion of radionuclides released from the repository is determined in part by the allowed
dose to a critical group of people or maximally exposed individual. If the primary vector
for the material reIeased from the repository is via groundwater transpo~ the material
that oan be transported from the repository by dissolution and related phenomena
determines the subsurface release rate.

The following tables present inventories in units of radioactivity called “EPA u@”
which are obtained by normalking the curie inventory of a particular radionuclide using
40 CFR Part 191, Appendix ~ Table 1. Thus, the EPA units are risk measure.

1In thii chapter, DSNF and DHLW are referred to collectively as ‘DOE-owned” SNF and HLW. Commercially
generated SNF is referred to as “commercial SNF” and encompassesall commercially generated spent nuclear
fuel.
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A brief description of each table follows. The footnotes to the tables expand
considerably on these brief definitions.

Table C.1-2 presents the MTHM content of the DOE-owned and commercial initial
source term inventory. This table is based on the INEEL PA parameter database
(Rechar& 1997). The table shows that the projected (radioactive) heavy metal inventory
of YMP is significan~ 65.79 x 1@ MTHM, or 65.795 EPA units, although well within
the 70,000 MTHM limit. However, the DSNF and DHLW comprise only 4.39’% of the
total MTHM inventory, considerably less than the 10% allowed.

Table C.1-3 compares the radionuclide inventory in curies for DOE-owned and initial
commercial source term inventories projected for YMP. The total DOE-owned waste
comprises only 1.45°/0 of the total emplaced activity because of lower average fbel
burnup; this proportion is reflected in the ten most abundant radionuclides. These ten
most abundant radionuclides are the same for DOE-owned and commercial waste,
although the order of abundance differs (e.g., ‘9Pu is the sixth highest activity in DOE-
owned waste but the eighth highest in commercial SNI?).

Table C.1-4 provides a breakdown of the total projected YMP inventory, both
commercial SNF and DOE-owned SNF and HLW, by radionuclide, and gives the
inventory in both curies and EPA units. Note that the antepenultimate column of this
table shows the release limits that are used to calculate EPA units from the curie
inventories. As in Table C. 1-3, the ten most abundant radionuclides comprise almost
70% of the inventory activity. Although *37CS and 90Sr are the most abundan~
comprising 42.3°/0 of the activity, the plutonium isotopes and 241Am are also abundan~
providing 26.1% of the activity. It should be noted that 241Pw which is the second most
abundant activity in Table C.1-3, is not among the “top ten” in terms of EPA units. EPA
units are not calculated for 241Pubecause its half-life is less than 20 years, and it is thus
not part of the source term EPA unit inventory (see Section 1.5 of this report and
Appendix A of 40 CFR Part 191).

Table C.1-5 provides the same breakdown as Table C.1-3, only in EPA units instead of
curies. EPA Units may be considered a dose surrogate (Rechar& 1995b). DOE-owned
inventories comprises 1.14’%of the total inventory in EPA units, as compared to 1.450/0
of the curies. The “top ten” radionuclides for the DOE-owned waste differ from those of
the commercial SNF only in that ‘3U is in the former list and 24~Am is in the latter list.

Table C.1-6 presents the radionuclide inventory in terms of mass (kg), which is
potentially important because volubility and corresponding concentrations depend on
mass and not on radioactivity. The DOE-owned inventory is 4.39°/0 of the total mass
inventory (as compared to 1.45% of the curie inventory); this is still a relatively
insignificant fraction of the total. The ten most abundant radionuclides are somewhat
different for the DOE-owned versus the commercial inventory: ‘2Th is third most
abundant of the DOE radionuclides and not among the “top ten” of the commercial SNF,
while 241Amis one of the ten most abundant nuclides in commercial SNF but not in
DOE-owned inventory. These are relatively very small differences, however, and should
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‘0’‘iec%’osi’owerformance. The WO most abundant radionuclides by mass are, as
expected, U and U. Since there is about 100 times as much ‘*U as ‘~, ‘8U can be
expected to dominate the concentration of uranium in solution, with consequent dilution
of dissolved radioactivity.

Table C.1-7 presents the same information as Table C.1-6, except that masses are in
moles rather than mass, a useful presentation because volubility is usually presented as
molarily or mokdily.

Table C-8 presents the uranium and plutonium fissile gram equivalents of the uranium
isotopes and transuranic nuclides in the YMP inventory, as well as the fission yield
products in the inventory (as a percentage of total fission product inventory).

Table C.1-9 presents the projected fissile inventory of the YMP expressed as ‘5U fissile
equivalents. The DOE-owned SNF and DHLW comprise 10.5 ‘A of the ‘sU-equivalent
fissile mass inventory, as compared with 4.39% of the MTHM inventory, 1.45% of the
curie inventory, and 1.14°Aof the EPA unit inventory. Although 10.5% is a si@cant
fiactio~ it is still small enough that impact on r~sitory~;fiormance will be small. The
two largest contributors to fissile content are n Pu and U, which together contribute
about 99% of the total fissile inventory.

Table C.1-10 compares the uranium and plutonium-equivalent fissile enrichments for
DOE-owned and commercial inventories. The uranium equivalent values are based on
Table C.1-9, while the plutonium equivalent values are calculated using the ‘@u fissile-
gram-equivalent constants from Table C.1-8. Uraniurn/plutoniurn combinations are
presented in ‘5U fissile gram equivalents only. AIthough the total inventory appears to
be 75.5% enriched in fissile plutonium isotopes, the overall average enrichment is 2.23’%
to 2.24’XO,indicating that plutonium is a relatively less important fissile component. The
results in this table correlate with Table C.1-9: the 10.5°/0 of the uranium-equivalent
fissile inventory attributable to DOE-owned waste is reflected in the diHerence between
the enrichment of the commercial SNF (e.g., 2.09%) and the YMP average enrichment
(e.g., 2.23%). It is worth noting also that the plutonium fissile enrichment of commercial
SNF is 75.4%

TabIe C.1-H presents the fission load total fissions back-calc~ated horn the fission
product inventory (assuming no decay time). The fission load is a measure of the number
of fission events that the spent iiel has undergone and is reflected in the inventory of
radionuclides that are fission products, and in their relative abundance not taking haWi.fe
into account. The fission load attributable to DOE-owned inventory is on the order of
one percent of the total; 99% of the fissions are attributable to commercial SNF. The
total inventory corresponds to approximately 6 x 1031fissions.

The source term presented here provides a macroscopic view of the potential impacts of
radionuclide and fissile inventory on reposito~ performance and on criticality
considerations. When the entire inventory is considere& the impact of the DSNF and
DHLW appears to be ahnost insignificant comptied to the impact of commercially

,’
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generated SNF. This cannot be assumed for a single container of waste, a single SNF
container, or even for a small, defined group of containers, however. Criticality and
performance assessment considerations for any particular collection of high-level waste
and/or SNF must be analyzed separately, using a distinct source term.
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Uranium-zirconiumalloy

Uranium-molybdenum
alloy
Umniurnoxide-intact
clad
Uraniumoxide-failed
clad
Uraniumaluminumalloy

Uraniumsilicate

Uranium-thorium
carbide-intactclad
Uranium-thorium
carbide-failedclad
Uranium/plutonium
carbide
Mxed oxidefiel

Uranium-thoriumoxide

Urattium/zirconium
hydride

Commercial fiel, PWR

Commercial fiel, BWR

ChicagoPile 5
(CP-5)
FermiReactor

shippingport

ThreeMile Island
(T-MI-2)
AdvancedTest
Reactor(ATR)
MaterialsTesting
Reactor(MTR)
Ft. St. Vrain

PeachBottom

SodiumReactor
Experiment(SRE)
FastFlux Test
Facility(FFT’F)
ShippirtgportLight
WaterBreeder
Reactor(LWBR)
Tmining,Research,
and Isotope
production-General
Atomic(TRIGA)
21-PWR
(PressurizedWater
Reactor)
44-BWR(Boiling

Zucaloy

Zircaloy

Zircaloy

Zrcaloy

Aluminum

Aluminum

Graphite

Graphite

Stainless steel

Stainless steel

Ziioy

Stainless steel

Zircaloy

Zucaloy
Water Reactor)

Table C.I-l. Spent Nuclear Fuel Categories from 1997 INEEL PA
(taken from Rechard 1997).

curies DSNF‘fotzd
(2030yr) Mass of Heavy

Representative (Total/ Metal~otal
No. WasteType Representedby Cladding Category) Mg/Category)a

I Uraniummetal N-Reactor Failed 1.35x 107 2132
2

3

4

5

6

7

8

9

10

11

12

13

14

15

5.05 x 10s

1.35x 106

C4 x 107

2.91 X 107

5.01 x 107

1.27x 107

2.59 X 107

4.65 X 106

2.45 X 10s

1.58X107

C6 X106

2.96 X106

8.37 X 109

3.70 x 109

0.040

420.9b

79.8

88.3

9.42

12.7

24.7

1.61

0.057

3.96

55.5

2.22

41,530

21,640

a lltii column shows the approximate mass (Mg) of heavy metal (uraniurnjplutonimrrjand thorium) based on the radioisotope’s inventory
Uratwas used in the caleuladons. Inmost ~ these values provide aIowerbotmd on the MTHM reported in Appendices A and B;
however, errors are likely present in the 0RIGEN2 inventories supplied by INEEL. Beeause the inventmy determinesthe heat load and
source term for the ealculatio~ the 1997 PA’s esdmate of Mg was used in the calculations to be eons-ktentwith the radioisotope
inventory. A comparison of reported and calculatedvalues is presentedin Seuion 3.1.17 of Rechard 1997.

b The most significant difference oecms between remted MTHM and mass of heav metal in the inventov for Cugory 3. The ~cultid
inventory o~heavy metal is 420.9 Mgj while the r@rted amount (Appendices A ad B of Rechard 199fi is 3.93 M-g.



Table C.1-2. YMP-Scale Metric Tons of Heavy Metals (MTHM)
Inventory (Calendar Year = 2035, Time= Oyr) (a)

%egoty W Metric Tons of Heavy Metals (MlTIM) Inventoty

Materkil Type Packages MTHMIPaclcage MTHM

XX -@vned s pent Nuclear Fuels &D efense Hwh-Level Wastes

1 Uranium-metal/Zrconium 118 1.8065E+OI 2.131733+03
2 Uranium-Zi.rconiutn/Zimnium 9 4.2673E-03 3.84061302
3 Uranium-Molybdenum/Zireoniurn 55 7.6517E+O0 4.2084E+32
4 Urartittm-OxideZimoniutn/ss 203 3.9133&ol 7.9440E+OI
5 Uranium-Oxide/Al 595 1.4800E-01 8.8060E+01
6 uranium-AIx/AI 750 12102E-02 9.0765E+O0
7 Uranium-Silicon 255 4.9579G02 1.2643E+01
8 Urartiuu#l%orimnC@i)/G 545 4.4779E-02 2.440535+01
9 Uranitun/ThoriumC(li)/G 103 15615E-02 1.6083E+MI

10 Uranium&Uranium~ Wnon-G 5 1.1309E-02 5.6545E-02
11 MOx/Zirconitun-ss 352 1.1158E-02 3.9276E+O0
12 Uranimorium oxideLZr-ss 69 8.0391E-01 5.5470EMH
13 Uranium-Zirconiutn-Hx/ss,inc 102 2.1609E-02 2.2041E+O0
16 Mgh-Level Waste (b) — 5.8203E-01 5.8203EiOl

Sub-Total 3,161 cO.88553> 2.8877E+03
-ave- (c) (4.39%>(d)

n~otntnereml s pent Nuclear Fuels

14 comtnetieal-PwR 4820 85784E+O0 4.1348E+04
15 Comtnerical-BWR 2859 75410E+00 2.1560E+04

Sub-Total 7,679 4.19> 6.2908E+04
-ave- (e) (95.61%) (f)

Total 10,840 6.5795E+414

units of waste (g) = 63795E+04 / 1.0E+03 = 65.795

(a) Spent nuclear fad (SW sod high-level waste (HLW) inventory data taken tloro INEEUPA 1997 Pmrnwxs
Data&e (VahKs represent hmnehte. &take vdUC& Up@Ckd vdocs can be found in Ap~dix A Of RCf.
INEEL 1997).

0) DHLW invmtory is my iotamixcd with DSNF in categories 2 + 13, “1OOpacka@ is used for mmpu-
tational pmposcs ordy.

(c) Note. the avcmgc h4THM loadingper packagefor DDE-owocd inventory (DSNF & DHLW) K about an
order of nmgnirudc less than that for comrocrcM SNF.

(m No* tk maximum ~OWCd MTHM of DCEowmd inventory is 7,000 MIHM (RX NWPA 1983) and
DOEowned invmory conmti to only 439% of tbc ‘Unit of Waste”.

(e) N% the avcmge h4THM loading per package for commcrcid SNF is very kugc because cunwtdesigns for
thc54incbdiamcmr pa.ckagcallow upto21 PWRsor44BWRs pcrpackagc.

(f) NotG the maximum dOWCd MTI-ihf of commcrd Spent FhIckar Fuck is 70.000 M_l_H&f(Ref. NWPA
1983) and co mmzt@ SNF amtriintc to 95.61% of the “Unit of Waste.”.

Q!) Unit of Waste (as termed W= Unit Factor=) mkmlatcd k accordance with Notes l(a) and l(b) of Table 1
of Appendix A of 40CFR191 (= Ref. EPA 1985).
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Table C.1-3. YMP-Scale Radionuclide Inventory
(Calendar Year= 2035, Time= Oyr) (a)

Nuclide YMP Radionuclide Inventory

ID

DOE-Owned Commercial Total

‘sIW DHLW PWR I BWR
[Ci] [%] ,[ci] [%] [a] [%] [a] [%] [a]

Ac227 3.07E#ll(8.92MI) 2.831Z+00(823E+00) 6.07Z01(1.76E+oo) 2.70E-01(7.85Gol)
Ag108m ?

3.44E-KH

0.00E+XI (0.00E+OO) 0.03E+O0 (0.00E+OO) 0.00E+OO (0.00E+OCI) 0.00E+W (0.00E+OO) 0.00E+OO

Am241 L06E@6 (5.07E-01) 4.07Ef-05 (1.94E-01) 1.42)3+08 (6.79E+OI) 6.58EW7 (3.14E+OI) 209EW8

Am242m 8.66E+02 (5.68M2) 9.69E+01 (6.35E-03) 1.01E+06 (6.62W01) 5.15EW5 (337E+01) 133E+06

Am243 1.81M3 (1.08E-01) L73E-K12 (1.03E-02) 1.17E+06 (6.%E+OI) 5.09EW5 (3.03EWH) 1.68E+06

C14 9.16!5+02 (9.76WH) 0.00EAO (0.00E40) 5.93EiU4 (632E#JI) 336E44 (338E+OI) 938E+34

C136 436E+O0 (5.86EOI) 0.00E+OO (0.00E+OO) 4.96E+02 (6.66E+01) 2.44E+02 (328E+OI) 7.44E+02

cm243 t 0.00E+MI (0.00E+OO) 0.00E+OO (0.WE+OO) 0.00E+OO (0.00E+OO) O.WE+(K) (0.00E+OO) O.OQE+OO

cln244 7.72E+04 (6.75E42) 5.36W-04 (4.69S02) 8.19E+07 (7.16E+OI) 323E+07 (2.83E+oI) 1.14E+08

cm245 3.WE+OU (134E42) 2.65GOI (1.16E-03) 1.68E+04 (’738EiOl) 5.95E+03 (269=+31) 2~8E~

cm246 5.15E+O0 (1.09E-01) 3.0E02 (638S04) 3.55E+03 (733E+31) L16E+3 (2.46E+01) 4.733+03

C513S 204E+02 (5.74S01) 5.41E+02 (L52E+00) 239E+04 (6.72E+OI) 1.09E+04 (3.07E+OI) 355E+fM

CS137 3.43E+07 (7JIE-01) 6.21E+U7 (129E+OO) 334E+09 (6.92E+01) 139E+09 (2.88E+01) 4.83E+09

1129 L64E+01 (7.02!301) 8.94E-03 (3.83E-04) 1.63Ei03 (6.98E+01) 6.89E+02 (295E+OI) 234E43

M093 $ o.COE+OO(0.00E+OO) 0.00EiOO (0.09E+OO) O.COE+CO(0.O!IEKK)) O.IX)E+OO(0.00EWO) 0.00E+OO

Nb93m $ 5.70E+cZ (537E-01) 2S8E#)3 (2.43 EAX)) 6.89E+04 (650E+W) 3.40E+04 (X? IE-HM) 1.06EiOS

Nb94 L05E+OI (1.87E-02) 1.42E-01 (2531X14) 5.40E+04 (9.63E+4X) 2.08E+03 (3.71EiOO) 5.61EKM

Nti9 438E+02 (2.HHU) L27E+02 (7.95E=02) L20E+05 (731 E+OI) 3.92E+04 (245Eiol) 1.60E+05

Ni63 4.01E+05 (1.75EtOO) 0.00E+OO (0.00EiOO) 1.72E+07 (730E+OI) 532E+06 (232E+01) 229E+07

Np237 1.62E+02 (555HU) L33E+02 (455E-01) 212E+M (726EW1) 7.72E+03 (264E+OI) 292E+04

Pa231 8.67EtOl (929EAM) 458E+O0 (4.91E+OO) L39E-WO (1.49E+OO) 620Z01 (6.65EAU) 933E+01

Pb210 7.90E-03 (3.15E+01) L28W (5.llE-01) 1.173S42 (4.67E+01) 532E-03 (212E41) 250E-02

Pd107 2&lE+OI (333E-01) 0.00EWO (0.WE+OO) 5.93E+03 (6.%Eu71) 256E+03 (3.OIE+CH) 852E+03

Pu238 6.CKIE+05(265E-01) 1.88Ei4M (829=1) L64E+08 (723E+01) 6.03Ei07 (2.66E+OI) 227E+08

PU239 434E+05 (1.77?300) 223E#M (9.08M2) L71E#)7 (6.%E+OI) 7.00E-W6 (2.85E+01) 2.46Ei07

Pu240 3.14Et05 (8.76E-01) L55EW4 (4.33E-02) 250E+07 (6.98EKII) 1.05E+07 (293E+OI) 3.58E+07

PU241 620E+06 (L67E41) 6.%Ei05 (1.88E42) 253E+09 (6.83E#N) 1.17E+09 (.3.16Eiol) 3.71E+09

P0242 257Eto2 (190EA31) 236E+01 (1.74E-02) 9.21Ei04 (6.81E+OI) 429E+04 (3.17E-K)l) 135E+05

7.88W3 (8.73E+OO) 4.41E-04 (4.89E-01) 5.t%E-02 (625E+oI) 255E-02 (2.83E+Ol) 9.022-02

Ra228$ 850E+03 (1.00E+02) 0.00E+OO (0.00E+OO) 8.82E-06 (l.(ME-W) 3.69E-06 (434E-05) 850EW0

se79 237Eto2 (7.77E4X) 432EW2 (1.42J%W) 2.llE+04 (691E#31) 8.75EW3 (2.87E+01)

Sm151

3.05E+04

5.07E+05 (1.93E40) 0.00E+OO (0.WE+OO) L81E+07 (6.88E+01) 7.72E+C6 (293E+OI) 263EA)7

Sn121m t 0.00E43 (0.00EXK3) O.@EXX) (0.00EW) 0.00EiOO (0.00E+OO) 0.00E+CO (0.00E40) 0.00E+OO

Sn126 3J5E+02 (5.46E-01) 0.00E+OO (0.00E+OO) 4.05?304 (7.022+01) L69E+04 (293E+OI) 5.77EW4

Sl%l 290E+07 (8.80E-01) 41?8E+07 (130E+OO) 229E#)9 (6.95E+OI) 935E+08 (284EA)1) 330E+09

-rc99 739Et03 (7.6~2E-01) 155E+04 (1.60E+OO) 6.65E+05 (6.86E+01) 282E+05 (2.91 E+Ol) 9.70E+05

-rh229 2.73Ei4)l (9.97EiOl) 7. IOE-02 (259E-01) 1.48E0- (5.40E-02) 555S03 (203E-02) 274E+01

Th230 L46E+O0 (8.12E40) 5.83E-02 (324)?-01) L14E+01 (634E+OI) 5.06E+O0 (281 E+OI) 1.80E*1

Th232 + 8.71EXX3 (9.46E+OI) 4.9.4E-01 (537E+OO) L45E-05 (1.58E-04) 6.00E-06 (6.!WXM) 93jE++3(3
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Table C.1-3. YMP-Scale Radionuclide Invento
7

(Continued)
(Calendar Year = 2035, Time= Oyr (a)

Wclide YNfP RadionucIide Inventory

ID

U232t
U233
U234
U235
U236
u23g
m3

Total

II DOE-OwrJed Commercial

DHLW PWR BWRII SW
[a] [%]

0.00EMO (Oxw-i’oo)

L20E+04 (939E+01)

L67E+03 (1.92E+oo)

2%)%02 (206E+OI)

7.43E+4t2 (3.87E+OO)

8.73E+Q2 (4.06EKxJ

OJME+M (0.00E+CK))

I

[a] [%] I [a] [%]

O.WE+@ (0.00E40)

2.75E+O0 (229S02)

2.35E-K12 (2.70E-01)

3.73E-01 (2.59E-02)

2.05E+OI (1.07E4Z)

1.78E+OI (829E@.)

330E+03 (2.OIE+OO)

0.00E+OO (0.00%00)

257%00 (214E-02)

5.93E+W (6.82EKH)

7.86E+32 (5.46E+OI)

131EW4 (6.82WN)

135E+04 (628E+OI)

1.08E+05 (6.58E+OI)

I

[(3] [%]

O.(w+m (0.omtoo)

926&Ol (7.71E-03)

258E+04 (2.97E+01)

3.57%02 (2.48E+OI)

5.37E+03 (279E+oI)

7.09E+03 (330E+OI)
5Q9* (3~1)

729E+07 (5.84E01) I L08E+08 (8.64E-01) 8.63E-W9 (6.91E+OI) I 3.69E+09 (295E+OI)

1.81E+08 (1.45 %) (b) L23E+1O (98.55 %) (C)

0137

PU241

s190

Pu238

Am241

cm244

PU240

Sm151

PU239

N163

Top 10 Ra&onuclides (F&&xl on Total Inventory for DOE-Owmed and Commercial)

3.43E+07 (7.IIE-01)

620E+06 (L67E-01)

2.90EW7 (8.80S01)

6.00E+05 (265E-01)

1.06EW6 (5.OX%OI)

7.72EW4 (6.75E-02)

3.14E+05 (8.76&Ol)

5.07E+05 (1.93EK10)

434E+05 (L77E+OO)

4.01Et05 (1.75E+OO)

621E+07 (129EWO)

6.%E+05 (L88E-02)

4.28E+07 (130E+OO)

1.88E4M (829E-01)

4.07E+05 (194E-01)

536E+04 (4.69E42)

L55E-HM (433E-02)

0J30E+O0 (0.00E+OO)

223E+04 [9.08B02)

0.CHJE40 (0.00E+40)

334E+09 (6.92E4M)

2.53WJ9 (6.83EWI)

2L?9EW9 (6.95E+01)

1.64E+08 (723Ei431)

1.42E+08 (6.79EWI)

8.19E+07 (7.16E+01)

230E+07 (6.98EI-01)

1.81E#)7 (6.88E+OI)

L71E+07 (6.%E+OI)

1.721%07 (730E+OI)

Total

[(3]

O.omtoo

L20E+04

8.70E+04

1.44W’03

L92E+04

215E+04

1.64E+05

L25E+1O

139E+09 (288EW1)

L17E+09 (3.16EW1)

935508 (2.84E+01)

6.03E+07 (266E+01)

6.58Eiu7 (3.14E+OI)

323E+07 (2.83)5+01)

L05E+07 (2.93E+4X)

7.72E+06 (293E+OI)

7.CX3E+M (2S5E+Ol)

532E+06 CL32E+OI)

4.83E+09

3.71E+09

330E+09
227E+03

2.09E+08

L14E+08

3.58E+07

2.63Et07

2.46E+07

229E+07
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Table C.1-3. YMP-Scale Radionuclide Invento (Continued)
7(Calendar Year = 2035, Time= Oyr (a)

II

Wtclide YMP Radionuclide Inventory

ID

DOE-Owned Commercial Total
I

SNF DHLW PWR BWR
[Ci] [%] [a [%1 [Cii [%] [a) [%] [a]

Top 10 Radionuclides (Ranked on Inventory for DOE-OwnedWastes Only)

CS137 3.43Ei07(7.llE-01) G~l~ (1~9~) -- -- 9.64E+07
sr90 2.90E+07(g.80~1) 4.28E+07(130E+00) -- -- 7.18E+07
PU241 620E+06(1.67E-01) 6.96E+05(1.88E-02) -- -- 6.WE+06
Pu238 6.00M5(16SZ01) 1.88E+c6(829E-01) -- -- 2J$8E+06
Am241 1.06E+06(5.07M1) 4.07Eio5(1.94E-01) -- -- 1.47E+06
PU239 434EtOS(1.77E+OO) 323EW(9.OiE-02) -- -- 436E+05
Sm151 5.07E+05 (1.93EKE3) 0.00EMO (0.00E+OO) -- -- 5.07E+05

Ni63 4.01E+05 (1.75E+OO) 0.00E+OO (0.00E+OO) -- -- 4.01Et05

cm244 7.72E+414 (6.75E-02) 536E+W (4.69E-02) -- -- L31E+05
p@~ 3.14E+05 (8.76~1) 155E+04 (433EAL2) -- -- 330E+M

Top 10 Radionuclides (Ranked on Inventory for Commercial SNFSOnly)

C5137 -- -- 334E+09(6.92E+OI) 139E+09@88E+01) 4.73E+09
PU241 -- -- 253EiOP(6.83Ei@ L17Et09 (3.16E+01) 3.70E+09

Sl% -- -- 229EiOP (695E+OI) 9.35EK)8 (284E+01) 3.23E+09

Pu238 -- -- L64E+08 (Z?.3E+01) 6.03E+07 (2.66E+01) 2.24E+08

Am241 -- -- 1.42E+08 (6.79EWI) 6.58E+07 (3.14E+OI) 2.08E+08

cm244 -- -- 8.19E+07 (7.16E+Ol) 323E+07 (2.83E+01) L14E+08

PU240 -- -- 250E+07 (6.98EA)I) L05E+07 (293E+OI) 3.55E+J37

Sm151 -- -- L81E+07 (6.88E-K)I) 7.722+06 (2.93E+01) 258Eio7

Pu239 -- -- L71E+07 (6.96E+01) 7.00E+06 (285E-W1) 2.41E+07

Ni63 -- -- 1.72E+07 (750EKU) 532E+05 (22+01) 2.2SS+07

t Data values for radionuclklcs = previously rcpond in 1993 TSPA (Ref. TSPA 1993).
* Data values for mdionuclidcs = not previously rcpmted in 1993 TSPA (f&. TSPA 1993).

(a) Spent nuclear fuel (SNFJ and bi.gh-levelwaste (HLW) invcmmy data takemfrom fNEEIJPA 1997 Pammc&m
~ (tiuK ~t il~ “ databe VdUC& upf@rd vaks cank found iu Appendix A Of Ref.
INEEL 1997). (IXItotal 41 mdionnclidcs are inventoried in the INEEUPA-DB).

(W Not& the toral DOE-nwncd cwie load is only 181. MCi. Thus only 1.45 % of the total curie load in YMP
is due to DOE-@vned ~

(c) Nom the total Commacial curie load is 1231M. MCi. Thus 98.55 % of the total curie load in YMP is
due to Commercial wastes.
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Table C.I-4.
40CFR191 Release Ltits and Source Term EPA Units for YNIP-Scale

DOESNF & Cornmercial-fN? (Calendar Year= 2035, Time= Oyr) (a)

ID

OJ)

A-
Ag108m

Am241

AmX2m

C24

ci249

C1251

U36

cm243

Cll@K

CS135

ca137

Gd152

U29

M093

Nb93m

Nb94

NdM4

Nii9

N163

NP237

Pa231

Pb210
Pdlo7

Pa239

PuXl

PU?A2

SC79
Sm147

Sm148

smlsl

Sn121m

sa126

S*

TcW

Nuclide

Decay
Mode

(c)

-P.7
lTe-.7,c.p

a.y.SF

a.y./i%-.SF

a,y,SF

P-

a.y.SF

a.y

f$-

a.y. SF,c

a.y,SF

a.y,SF

a.y,SF

B-

P-.7

F:Y

=.7

lTe-

P-.7

a

;

a.7

a.~

a. iY.7

B-

a.y. SF

a,y,SF

a,y,SF

a.f5.7

a,y.SF

;.;

FJ-

a

&:7

fF.y.lTe-

B-.7

F

P-.7

Half-
Life

(c)

21.77 a

39.8 S

432.7 a

141. a

7.37E+03 a

5730 a

351 a

9.0E+02 a

3.01E5 a

29.1 a
18.1 a

8SE+03 a

4.76)5+03 a

23%06 a

30.17 a

LIE+14 a

157E+07 a

3S= a

16.1 a

2000. a

2JE+15 a

7.6E+(M a

100. a

Z14E+06 a

328E+04 a

22.3a

6SE+06 a

87.7 a

2.41OE+O4a

6.56E+03 a

14.4 a

3.75E+05 a
L60E+03 a

5.76 a

65E+04 a

1.06E+11 a

7.E+15 a

90a
55a

1.0E+5 a

29.1 a
2J3Ei05 a

YMP waste

Total
Inventory

[Curies] (d)

DOE .

335!3-01
PR

L47E+Q6

9.63E+02

L98E+03

9.16E+02

NR

NR

4.36E+O0

PR

131E+05

331 E+(H)

5.18E+O0

7.45E+Q2

9.64E+07 (0
NR

l.&tE+Ol

PR

3.15)303

1.06E+OI

NR

5.85E+02

4.01E+05

295E+02

9.13E+OI

8.03)3-03

2.84E+OI

2.48EM6

4.56EiJ35

330E+05

6.90Eu16

2.81E+02

832E-03

8.50E+O0

6.69E+X
NR

NR

5.07E+05
PR

3.15E+02

7.18E+07

2.29Ei04

COMM

8.77M1

PR

2.08E+08

LW%06

L68E+C6

929E+W

NR

NR

1.131XT2

PR

1.14E+J38

228E+04

4.71E4)3

3.48Ei04
4.73&149 (g)

NR

232s+03
PR

1.03E+05

5.61E+04

NR

L59E+05

225s47

2.89E+04

2.OIE+OO

L70E-02
8.49E@3

224E+418

2.41E+37

3.55E+07

3.70E49

135E+05
8.191XZ

1.2X45

2.98E+M
NR

NR

Z58E+07

PR

5.74E#M

3.2X*

9.47E+4X

Release Limits
Inventory

[Curies] (e)

(CMJw)

100.

100.

100.

100.

100.

100.

100.

100.

100.

100.
1000.

1000.

100.

100.

mm.

100.

1000.

moo.

100.

100.

100.
mm.

100.

100.

100.

100.

100.

lWCL

1w.

IfX).

MK1.

lm.

moo.

1000.

1000O.

((3)

6579S

6579.s

6579.5

6579S

6S79.5

65795

6579S

6579.5

6579S

6579S

65795.
65795.

6579S

6579.5

6579S

6579.5

65795.

6S79S

6S79.S

6579.5

6S79S

6579S.

65795

6579.5

6s79s

6579s

6579.5

6s795.

6579.5

65795

65795.

6579S.

65795.

65795.

657950.

Source
EPA
Unit

523M3

3.18E+04

232Eto2

%5!iE+02

1.43EKII

0.00E+OO

0.00E+W

0.00E+OO

3.461M0

7.17E-01
5.40&Ol

734W

0.00E@3

355E-01

8S3GOI

O.WEIOO

2.43Etoo

3.48E+02
4.44E+O0

1.42M2

3.8W07

129B01

3.45-EAM

3.73E+03

5.45E+03

nm+ol

137E-05

4.64MI

O.COE+OO

0.00E+OO
4.00E+02

0.00E+OO

8.77B01

S.OIE+W

1.47E+O0
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Table C.1-4. (Continued)
40CFR191 Release Limits and Source Term EPA Units for YMP-Scale

DOESNF & Commercial-SNF (Calendar Year= 2035, Time= O yr) (a)

Nuclide YMP Waste

ID Decay Half- Total Release Limits Source
Mode Lxfe Inventory Inventory EPA

[Curies] (d) [Curies] (e) Unit
(b) (c) (c)

DOE COMM (m (a)

‘2%229 =.7 “ 7.3E+03 a 2.74E+01 2ME-02 lCKL 6579s 4J6E.03

=.7 7.54E+04 a 152EW 1.65EiOl 10. 65795 2.7333.02

Tb232 =.7 L4E+I0 a 9.20E+O0 205S05 10. 65795 1.4(WO2

U232 a,y,SF 70a PR PR lm. 6579S O.WE+OO

U233 a.y,SF L592EK15 a L20E+04 3.SOE+OO 100. 699.5 1.82E+O0

U234 a.y.SF 2.46E+4)5a 1.90Ei03 8.51EAQ$ 100. 6579.5 132W01

U235 a,y.SF 7.04E+08 a 2.96E+02 L14E+03 100. 65795 u91Xl

U236 a.y.SF 234~E~ a 7.45Eu32 L85E+M 100. 6S79.5 2.92E+(KI

U238 a.y.SF 4.47E+09 a 8.91%02 LC6E+05 100. 65795 3.26E+O0

zr93 P-.7 L5Ei06 a 3.30E+03 L61Ei05 1000. 65795. 252E+O0

Sum = L81E+08 L23E+I0 2.88E+05

(1.45 %) (98.6 %)

(b) (0

125E+1O G)

Top 10 IGxXonuclides (Ranked on Total Inventory for DOE-Owned and Commercial)

Nuclide Total Radionuclide Inventog [Curies] Source Term EPA Unirs
ID

DOE CQMM Total DOE COMM Total cum (%)

C!5337 9.64Eio7 (f.) 4.73E+09 (@ 4.83E49 1.47E+03 7.19R+04 724Ei’04 25.1

sr90 7.18E+07 322E+09 329EW9 L09E+03 4.90EAJ4 4.95E+M 42.3

2.48E+06 224E-NJ8 226E+08 3.77E+02 3.41E+04 3.42E+04 542

Al@tl L47Eto6 2.08E+08 2.09E+08 223EiU2 3.16E+04 3.17EKM 652

330Et05 3.55Em 3.58E+07 5.OIEiOl 5.40E+03 5.4433+03 67.1

PU239 4S6EiOS 2.41E+07 2.46EW7 6.94EiOl 1.06Ei03 3.7333+03 68.4

Sm151 5.07Et05 2.58E+07 2.63Ei07 7.71E+O0 3.92E+W 4.0013t02 685

Ni63 4.OIEK)S 225E+07 329E+07 6.09E+MI 3.4354)3 3.48)3+02 68.7

-3 1.98EU13 L68EW6 L68E+06 3.OIE-01 2.55E+02 2551X12 68.7

Am2A2m 9.63E+02 152E+66 15~.06 L47E-01 9XJ~~ 232E+02 68.s

PR Not R-fled in INEEUPA Pammaem Databaw (see Ref. INEEL-DB 1997), but qmrtrd in 1993 TSPA
(Ref. TSPA 1993).

(a) Radionuclide inventory information taken from INEEUPaformance Amcmrncnt Pammum Dataksc(sce
Ref. INEEL_DB 1997) (in toraL 41 radionuclidcs arc inventoried in * ~A-DB). t3Jo~Q~ 1993
TSPA uses 39 mdionuclidcs (Sr-90 and CS-137 am amsidcrcd non-conm%utorsto rci= doses and am ban-
died in separatecalculadons thataccounrs for rhcir kat inputto the stored waste package.)
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b)

(c)

(a

. (e)

(0

(ii

Rndionudidcs in bold arc those 41 incorporated into the INEEUPA-DB for anolysis of rclcascs due to mb-
swface urmsporl (Ref. INEEL-DB 1997. additional tilonuclidcs may be idcntifisd in Appcndu A of Ref.
INEEL 1997).

Decay mode and half-life informahn taken from tk Chart of the Nuclidcs, 14th Ed. Ref. GBI. [h is better
for technical c.alcuktions, to usc half-lives that arc extracted from the databases of 0RIGEN2 ~cf. OR-1]
because the 0RIGEN2 data rue of a later vcxsion than that of Ref. G&l (see Ref. INBEIJPA-DB for ORI-
GEN2 vaks).]

Total inwntov (curie) data takm from Ref. INEEL-DB 1997. Values correspond to a ‘Yh4P-Scale” design
basis.

Release Jimitsarc determined in accmdancc with 40CFR191 (AppMdK A Table 1) ~f. EPA 198SJ. Left
column conesponds to specific rcbsc limits (cumulak rckascs to the accessible cnvimnmnt for 10,000
years afkr dkposal per “unit of waste” idsntificd in Note l(e) of Table 1, Appmdu & 40CFR191). Right
column comsponds to mlcasc hit obtained for 65.795 Units of Wasta (see Table C.] -2 for calculation of
the Unit of Waste) ducrmincd from data in the INEEUPA-DB Bcf. INEEL DB 19971. (NoB.~ 65.795
value for the Units of Waste corresponds only to data at calmdar year 2035-@. ckurc &tc Of the YMP
facility)).

htOpC with dominant curie load for DO&owned wastes.

Isotope with dominant cuxie load for @nmcrcM wastrs.

No@ the total ~)Xnvncd curie bad is Otdy 181. MCi (also, 1.45 % of the total curie loadinm. The
averageDOE-Owned curielordis1.81E+OW3261 = 53SE#4 (Ci/package) = 0.886 (MTHM@ckage) for a
total of 2.888. MTHM. [See Table c. I-2 for MTHM inventory. AISOnote that the limitfor SNL-OwnKI
waste in Yh4P is 7,KI0. MTHM (ret Ref. NWPA 1983).]

Notq the total Co rmncrcial curie load is 12300. MCi (also, 98.6 ‘% of the total curie load in YMP). Tbc
“al curie 10S6is 123E+ltW679 = 1.60E+06 (Ci/package) = 8.192(hlTBWPdW3) for aavcmge Cnntmcru

total of 65,795. MTHM. [See Table fll-2 for MTHM invcntoty. Also note that the limitfor Cormwrca-d

we in YMP is 70,020. MTHM (see Ref. NWPA 1983).]

The signikarm of the Source Tarn EPA Unit invmtoxy of 2.88EMS is that during the rcguhoty time
(10,000 yeas as identified in 40CFR191, Ref. EPA) only one part in 288,0Q0. (or 3.47 PPM) of the initial
source term * Cfosurc is auowcd to be released over tbe entire Iq#atory timctklrnc-
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Table C.1-5. YMP-Scale Source Term EPA Unit Inventory
(Calendar Year = 2035, Time= O yr) (a)

Nuclide YMP EPA Units Inventory (for Unit of Waste = 65.795) (b)

ID

DOE-Owned Commercial Total

SNF DHLW PWR BWR
PA] [~] fEPA] [%] [EPA] [~] PA] [~] PA]

Ac227 4.67S03 (8.92E+OI) 4.30204 (823E+OO) 9231M5 (1.76E+OO) 4.1OE-O5 (’7.85E.01) 523E-03

Ag108m t 0.00E+OO (0.00E40) 0.00EWO (0.00E+OO) 0.00E+OO (0.00E44JO) O.LX)E+CO(0.00E+OO) 0.00E+OO

Am241 1.61E+02 (5.07E4X) 6.19E+01 (1.94E-01) 216E+04 (6.79E+OI) 1.WE+04 (3.14Etol) 3J8E+04

Am242m 1.32E-01 (5.68ME) 1.47&02 (6.35E-03) “ 1.ME+02 (6.62E+OI) 7.83E41 (337E+OI) 232E*.

Am243 2.75E-01 (1.08E-01) 263= (1.03E02) 1.78EAU2 (6.96EM)1) 7.74E+OI (3.03E44)I) 255Ei’02

C14 139E-01 (9.76E-01) 0.00E40 (0.00E410) 9.OIEAO (632E+OI) 5.lIE+OO (358E+OI) 1.43EN)1

(2.36 6.631X15(5.86E-01) O.WE+@(0.00E+W) 754E-03 (6.66E+01) 3.71E-03 (328E+OI) 1.X3E@.

cm243 t 0.00E+OO (0.00E+OO) 0.00%00 (0.00E*) 0.00EWI (0.00)5+00) 0.00E+OO (0.00E+OO) 0.00E+OO

cm244 0.00EtOO (0.00E+OO) 0.00E+OO (0.00E+OO) 0.02E40 (0.00EWO) 0.CK)E410 (0.00EiJ)O) 0.00E+OO

cm245 4.6~~ (134~~) 4.03E-05 (1.16S03) 255E+O0 (738EiOl) 9.0$S01 (262E’KJI) 3.46E+O0

cm246 7.83i%@$ (1.0%01) 4.571XK (638E-04) 5.4JEOI (753E+OI) L76E-01 (2.46E+OI) 7.17E-01

CS135 3.1OE-O3 (5.74E-01) 822503 (ELE+OO) 3.63E-01 (6.72!S+01) L66E-01 (3.07EMI) 5.40E-01

CS137 5.21E+02 (7.IIE-01) 9.44!5+02 (L29E+OO) 5.08Ei04 (6.92E+01) 211E+04 (288E+OI) 734E+04

1129 249E-03 (7.02E-01) 1361M% (3.83EAM) 248E-01 (6.98E+OI) L051XI (295E+OI) 355E-01

M093 t 0.00E+OO (0.00E0) 0.00E#M (0.00E#X)) 0.00EiOO (0.00E+OO) 0.00E+OO (0.00E+OO) 0.00EiOO

h%93m * 0.00Ei(XI (0.00E+OO) 0.00E#30 (0.00EW) 0.00E+OO (0.00E+OO) 0.(X3EKKI (0.00E+OO) 0.00E+CO

Nb94 1.60S04 (1.871ME) 216S06 (253E-04) 8.21E-01 (9.63Ei01) 3-ME-(x2 (3.71E+OO) 8S3E-01

Nii9 6.%E-03 (287E-01) L93E-03 (-7.95S02) L82E+O0 (7.51E+OI) 5.96E-01 (245E+OI) 243E+O0

Ni63 6.09Ei4)0 (1.75E+OO) 0.00E+OO (0.00E+OO) 261E+02 (730EWI) 8.09E+OI (232EW1) 3.48E@-

Np237 246Z02 (555E.01) 2022 (4551XU) 322E+O0 (ZZ6Ei’ol) 1.17EKI0 (2.64EMI) 4.44E+03

Pal 1.32E-02 (9.29E+01) 6.96WM (4.91EA)O) 211JXM (1.49EWO) 9.42S05 (6.65E-01) 1.42S02

Pb210 1.20S07 (3.15E+01) 1.9.5509 (5.llEOI) 1.78507 (4.67E+OI) 8.09E-08 (212Eiol) 3.81E-07

Pd107 432E-04 (333?S-01) O.IME+OO(0.00E+OO) 9.OIE-02 (6.96E+01) 339S02 (3.OIE+OI) 129E-01

Pu238 9.12?3+01 (2.65E-01) 286E+02 (829E-01) 249E+04 (723E+01) 9.16E+Q3 (2.66E+01) 3.45E+04

PU239 6.60E+OI (1.77E~) 339E+O0 (9.08=) 260E+03 (6.%E+OI) 1.06E+03 (2.8S+01) 3.73E+03

PU240 4.77E+01 (8.76E-01) 236EiO0 (433S02) 3.80E+03 (6.98EKH) 1.60E+03 (293E+OI) 5.45E+03

PU241 0.00EWO (0.00EWO) 0.00E+OO (0.00E_) O.CH)E+OO(0.00E+OO) 0.00E+OO (0.00E+OO) O.OQE+OO

Pu242 3.9E02 (1.90E-01) 3fi9m3 (1.74E-02) 1.40EAH (6.81EWI) 652E+O0 (3.17E+OI) 2.06E+OI

L20E-06 (8.73EWO) 6.70S08 (4.89E-01) 857E-06 (625E+01) 3.88E-06 f.283E+Ol) 137E-05

Ra228* O.(H)E+OO(0.00E+OO) 0.00E+OO (0.00)3+00) 0.00E+OO (0.00E+OO) O.WE+OO (0.00E+OO) 0.00E+OO

Se79 3.60E-03 (7.77E-01) 6.57iW3 (1.42E+OO) 321E-01 (6.91E+OI) 133&01 CL87E+OI) 4.64E-01

Sm151 7.71E#J0 (L93E+OO) 0.00EtOO (0.00E+OO) . 275E+02 (6.88E41) 1.17E+02 (293E+OI) 4.00E+02

Sn121m t 0.00E+4)0 (0.00EWO) 0.00E+OO (0.00EKP3) 0.00E40 (0.00E+OO) 0.00E+OO (0.00E+OO) 0.00E+OO

Sn126 4.79)X3 (5.46E-01) 0.00!5+00 (0.00E+OO) 6.16E-01 (7.02E+OI) 257S01 (293E+01) 8.77E-01

S190 .4.41E+02 (8.80E-01) 631Ei-(X? (L30E+OO) 3.48E+04 (6.95E+OI) l-4?~#)4 @~E~l) 5.01E+04

Tc99 1.12E-02 (7.62E-01) 236E-02 (1.60E+OO) 1.OIE+OO (6.86EMI) 4Q9E41 @91 E+ol) L47E+O0

Th229 4.15E-03 (9.97EM1) 1.081X5 (259E-01) 225E416 (5.40E-(E) 8.44E-07 (203E@ 4.16E-03

Th230 222E-03 (8.19X40) 8.86E-05 (324E-01) 1.73E-02 (634E+OI) 7.69E-03 (2.81E+OI) 2.73E-02

Th232 * 1.3~4z (9-46E+fjl) 731E-tM (537E+OO) 220E-08 (1.58E-04) 9.12E-09 (6.5225) 1.40E-02
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Nuclide

ID

U232 f

U233

U234

U235

u236

U238

2i93

Total

Table C.1-5. YMP-Scale Source Term EPA Unit Inventory (Continued)
(Calendar Year = 2035, Time= O yr) (a)

YMP EPA Units Inventory (for Unit of Waste = 65.795) (b)

DOE-Owned

SNF
PA] [%]

0.00E+OO (0.WE+OO)

L82E+O0 (999%01)

254E-01 (1.92E+OO)

4.50G02 (2.C6E+01)

L13E-01 (3.871X10)

L33.E-M (4.06E+C0)

239E-02 (9.47WH)

L34E+03 (4.671XH)

(c)

3.29E+03

Cs137

.Sr90

PU238

Am241

PU240

Pu239

Sm151

N163

Am243

Am242m

DHLW
PA] [%]

0.00E+OO (0.00E+C4))

4.18E-04 (229E-02)

3.57E-02 (270E-01)

5.67E-05 (239E-02)

3.12&04 (1.07JX12)

2.71E-03 (8.29E02)

5.02S02 (1.99E+OO)

1.95E+03 (6.77E-01)

(d)

:1.14 %)

Commercial

PWR
[EPA] [%)

O.00~ (0.00E+OO)
3.91&@l(2.14E-02)
9.OIW (6.82Ei01)
1.19E-01(5.46E+OI)
1.99E+O0(6.82E+OI)
205E#10(638E+01)
1.64E+O0(652EMI)

I

BWR
PA] [%]

0.00R0O(0.00E+OO)
L4SE-04 (i’.7l&o3)

3.92)3+00 (2.97E+01)

5.43P02 (2.48E+OI)

8.16E-01 (179E+4J1)

1.08E+O0 (330E+OI)

8.04S01 (3.19E+OI)

1.39Ei05 (4.84E+01) I 1.45E+05 (5.04E+01)

2.84E+05 (98.9 %)

Top 10 Radionuclides (llanked on Total Inventoxy for DOE-Owned and Commercial)

521E@2 (7.llE-01)

4.41E+02 (8.80E-01)

9.12E+01 (265S01)

L61Eio2 (5.07E-LN)

4.77E+01 (8.761Xl)

6.60EWI (1.77E+OO)

7.71E#)0 (193Ei-00)

6.09E+O0 (1.75EWO)

2.75E4H (1.08E-01)

1.32S01 (5.68E-02)

9.44E+02 (139E~)

6.51E+02 (130E*)

2.86E+02 (8.29ZOI)

6.19?5+01 (1.94~1)

236EAI0 (433=2)

3.39E+OQ (9.08M2)

O.ME* (0.00E+OO)

0.00E#X) (0.02EMD)

2.63E-02 (1.03E-02)

L47EA12 (635E-03)

5.08E44 (6.92E+OI)

3.48E- (6.95E41)

2.49E+04 (’723EiOl)

216E+W (6.79Ei01)

3.80E+03 (6.98E-KII)

2.60E#3 (6.%E+O1)

27!3%02 (6.88E+OI)

2.61E+02 (7.50E+OI)

1.78E+02 (6.%E+OI)

L54EW32 (6.62E+OI)

2. IIE+04 (2.88E+OI)

1.42E+4M (2.84EW1)

9.16E+03 (2.66E+01)

LOOE+04 (3.14E+4X)

1.60E4J3 (2.93EMX)

1.06E+03 (2.85Ei-01)

1.17)3+02 (2.93E+01)

8.09E#J1 (232E+OI)

7.74EtOI (3.03EiOl)

7.83EtOl (337E+01)

Total

0.00E+OO

1.822

132EWI

219E-01

2.92E+O0

3.26EW0

2.52E+4KI

288E+05

734E+04

5.01E+04

3.45Ei’04

3J8E+04

5.45E+03

3.73E+03

4.00EKJ?

3.48E+02

2.55E+02
232E&
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TabIe C.1-5. YMIXhde Source Term EPA Unit Inventory (Continued)
(Calendar Year = 2035 ,.Time = Oyr) (a)

,,

Nuclide K?@ Radionuclide Inventory

ID ‘

DOE-Owned Commercial Total

SNF DHLW PWR . BWR
PA] [~] PA] [%] PA] [%] PA] [%] ~A)

Top 10 Radionuclides (Ranked on Inventoxyfor DOE-OwnedWastes OnIy)

CS137 5.21E+02(7.lIE-01) 9.44Ei42(1.29E~) -- -- 1.47E+03
Slw 4.41Et02(8.80E-01) 631E- (130E+t0) -- -- 1.09E+03
PU338 9.13E+01(265w11) 2.S6E+02(8.29E-01) -- -- 3.nE+02

ht241 1.61E+02 (5.07E41) 6.X9EiOI (1.9WOI) -- -. 223E+(E

P0239 6.6oEto1 (1.77E+OO) 339E+C0 (9.08M2) -- -- 6.94E+01

PU240 4.77E+OI (&76E-01) 236E+O0 (433E-02) -- -- 5.OIE+OI

Snllsl 7.71E+O0 (193E@O) 0.00E+OO (OLX3EAO) -- -- 7.71EtO0

Ni63 6.09E+O0 (1.75E+CK)) 0.00E+OO (0.00E+OO) -- -- 6.09E+O0

U233 L82EW0 (9.99EKII) 4.18S04 (229E-(12) -- -- 1.8~+oo

Am243 27SS01 (1.08S01) 2.63E-02 (1.03E4)3 -- -- 3.OIE-01

Top 10 Radionuclides (Ranked on Invento~ for Commercial SNFSOnly)

CS137 --- -- S.08E+04(6.92E+oI) “211E+04(288E+01) 7.19E+@l
sr90 -- -- 3.48Ei04(6.9SEiOl) X.42E+04(284E+Ol) 490E+@l
Pu238 -- -- Z.49E+@l(7Z+Ei01) 9.16E+03(266E+ol) 3.42Ei’04
Am241 -- -- 216E- (6.79EiOl) 1.00E+Ol(3.14EtOl) 3.16E+@l

-- -- 3.80E+03(698E#11) 1.60E+03 (293E+W) S.40EK)3

Pu239 -- -- 260E+03 (6.%E+OI) 1.06E+03 (28SEtOl) 3.66E+03
Sm151 -- -- 275E+02 (6.88E+OI) L17Ei02 (293EK11) 39aJ*u

Ni63 -- -- 261E+02 (750E+OI) 8.09Ei’ol (232E*1) 3.42E+02
Am243 -- -- L78E+02 (696Eiol) 7.74EtOl (3.03E+01) ~XR5E#2
Am242m -- -- 154EW2 (6.62E+01) 7.83E+01 (337E+01) 232Eio2

i’ Data values for mdirmucl.idesm previously qoncd in 1993 TSPA (Rd TSPA 1993).
$

Data values for radionuclidrs were not ptcvionsly rqmted in 1993 TSPA (ltd. TSPA 1993).
(a) SNF and HLW inventory datx taken iiom XNEEUPA ~ Database (Rc.f. INEEL DB 1997, updaxcd

vahxs awilable hi Appendix A of Ref. INEEL 1997). (III total 41 tadiotmdidrs are-inventoried in the
INEEIJPA-DB).

(b) Unit of Waste (alsotermedWA Unit Factor*) calculamd in accmdauce with Notes l(a) and l(b) of Tabk
1 of Appendix A of 40CFR191 (see Ref. EPA 198S).

(c) No* the total DOE-owIIcd EPA Unit load is only 339o units. ThUS only 234 % Of the total EPA Unit
load in Y?@ is due to DO&owned inventory. “

(d) Nom the total commcmial EPA Unit Inad is 288.OW tmirs: Titus 98.8 % of the total EPA Unit load in
YMP is due to Commcdal inventory.
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Juclide

m

Ac227

Jg108m f

Am241

M4210

Am243

C14

CBS

cm243 $

cm244

cm245

cm246

CS135

CS137

Ilw

M093 ~

Nb93m $

Nb94

Nti9

Ni63

Np237

Pa231

Pb210

Pd107

Pn238

Pu239

PU240

PU241

Pu242

Ra2X$

Se79

Sm151

;n121m ~

Sn126

S190

Tc99

7%229

Tb230
~-$

Table C.1-6. YMP-Scale Source Term Mass Inventory
(Calendar Year= 2035, Time= Oyr) (a)

YMP Ra&onuclide Mass Inventory (b)

DOE-Owned

SNF
Ml [W

424E4M (8.9X+(H)

0.00E+OO (0.00EWO)

3.09Eto2 (5.07E-01)

827E-02 (5.68S02)

9.08E+W (1.08S01)

206E-01 (9.761XI)

L32E-01 (5.861XI)

0.00E+O!) (0.00E+OO)

954E-01 (6.751X12)

1.77S02 (134E-02)

L68E42 (1.09S01)

L77E+02 (5.74ZOI)

3.94E+02 (7.11S01).

928E+OI (7.02E-01)

O.WE+OO (0.00E+OO)

L17E-07 (537E-01)

5.52E-02 (1.87E-02)

6.WE44M (287S01)

6.49E+O0 (1.75E+OO)

230E+02 (555E-01)

L84EiO0 (929EiOl)

1.03E-07 (3.15E#Jl)

552E+OI (333E-01)

331E+01 (265E-01)

6.98Eu)3 (1.77EW0)

138E+03 (8.76W31)

6.02E+OI (1.67S01)

6.73E+OI (L9LEOl)

797E-06 (8.73E+OO)

3.63E-05 (1.(K)E+02)

3.40E#X) (7.77E-01)

1.93E+01 (193EiOO)

0.00EWO (0.WE+OO)

LllEiOl (5.46S01)

2.12E+02 (8.8ml)

436Ei02 (7.62?S-01)
1z8E4)1 (9-97E+1)

7.23E-02 (8.121WX))

7.94E+04 (9.46E+OI)

DHLW
O@ [%1

3.91E-05 (823?34)0)

0.00E+OO (0.00E#lO)

L19E+02 (1.94M1)

9s3 (635M3)

8.68MI (L03G02)

0.00E40 (0.00E+CQ

0.00E+tYJ (0.00E+W)

0.00EWO (0.WE4XI)

6.63901 (4.69EJZ?)

154WJ3 (1.16E_03)

9.80~5 (638E44)

4.70E+02 (1S3%LX3)

7.13EA)2 (U29E+03)

5.06E-02 (3.83E4M)

0.00E+OO (0.00EMIO)

528tX17 (2.43E+OO)

7.46E-04 (253E-04)

L67E+O0 (7.95S02)

0.00E+@3 (0.00E~)

1.89E+02 (4.55E-01)

9.70!W2 (4.91EWO)

1.68E-09 (5. IIEAX)

0.00EKIO (0.00E40)

L1OE+O2 (8.29EJ31)

359E+CQ (9.08E42)

6.80E41 (4.33E-02)

6.76EKI0 (1.88E-02)

6.18E#X) (1.74E-02)

4.46E-07 (4.89E4H)

0.00E+MI (0.00E+OO)

6.19EMI0 (1.42E+OO)

0.00E+OO (0.00E@2)

0.00E+OO (0.00E#X3)

0.00E+OO (0.00E40)

3.13E+@ (130E+OO)

9.13E+02 (1.60EKO)

334~ (239E411)

2.89?5-03 (324E-01)

451 E+433 (5.37EKIO)

C-16

Commercial

PWR BWR
MI [%]

839iXk5 (1.76E+OO)

0.00EWO (0.00E+OO)

4.1415+04 (6.79E+01)

9.64E+01 (6.62E+OI)

5.S7E+03 (6.%E+OI)

L33E+01 (632E+OI)

L50EtOl (6.66G14X)

O.LXJEiOO(0.00E+03)

1.01Ei03 (7.16E+OI)

9.79E44M (7118E+01)

1.16E+01 (7.53EiOl)

207E+04 (6.72E+OI)

3.84E+LM (6.92EAH)

923E+03 (6.98E#ll)

O.WE+&l (0.0013@

L41E-05 (6.50E+OI)

Z84E+02 (9.63E+OI)

L58E+03 (7.51E+OI)

279E+02 (T30E+OI)

3.01EW4 (726E+OI)

2941M32 (1.49E+OO)

L53E47 (4.67E+OI)

L15E+W (6.%E+OI)

9.58Ei03 (723E+OI)

2.75E+05 (6.%E+O1)

L10E#J5 (6.98Ei-01)

246E+04 (6.83E+OI)

241Ei04 (6.81E+OI)

5.71E-05 (625E+OI)

3.77E-I 1 (1.04E-04)

3.03E+02 (6.91E+OI)

6.88E+02 (6.88E41)

0.00E+OO (0.WE#)O)

L43E+03 (7.02)5+01)

1.68E+@l (6.95E+OI)
3.97J3434 (6.86E+OI)

6.96E-05 (5.40E-02)

5.65E51 (634E41)
132EJ31 (158EQ)

Ml [%]

3.73E-06 (7.85E-01)

O.U)E+Or) (0.00EWO)

L92E+04 (3.14E+OI)

4.92E+01 (337Eiol)

2SE+03 (3.03EiJX)

7.54E+Q0 (3.58E+01)

7.39E+O0 (328E+01)

O.MEW) (0.00E+OO)

3.99Ei02 (2.83Ei01)

3.47E+01 (2.62E41)

3.78E+-LXI(2.46E+OI)

9.46E~3 (3.07E+OI)

L60E44 (2.88E+OI)

3.90Ei03 (295E+01)

0.@3EiO0 (0.00E+OO)

6.96EJJ6 (3.21 E+01)

1.09E+OI (3.71E+OO)

5.17E+02 (245E+OI)

8.62?5+01 (232E+01)

L1OE+O4 (2.64EtOl)

131E-02 (6.65WX)

6.97E-08 (212EtOl)

4.97E+03 (3.OIEWI)

3.52E+03 (2.66E+OI)

L13Ei05 (285E+OI)

4.61E+04 (293E+01)

1.14E-t4M (3.16E+01)

L12E+04 (3.17E+OI)

258E-05 (2.83EtOl)

L58E-11 (4.34M5)

125E42 (287E+OI)

293E+02 (293E+01)

0.00E#JO (0.00EWO)

595E~. (2.93E+OI)

6.85E+J)3 (2.84E+OI)

L66E+04 (291 E+OI)

261E-05 (2.03E-02)

251E-01 (2.81 E+OI)

5.47E-02 (6.5X-W)

4
%
z
t
‘1

\

ITotal \

./

d.

,76W If

f0.00E+OO-
6.1OE+O4 I

1.46E+02
I

8.43E+03 II

211E+OI

USE+(H 1’

0.00E+OO ‘II

1.41E+03

133E+4J2 II

154E+01 ‘l,

3.08E+04

551E+04 II
137J3*

0.00E+OO !

2J7E-05 1:

2.95E+02

2. I IE+03 II

3.71E+@

4.L5E+04 “

L98E+O0 II

328E-07

L65E+04 “

133E+04 II

3.95E+05

157)%05 II

3.mE* II
3.54E44

9.13E4)5 II

3.63M5 II
438EK12

LOOE+03 II

0.00E+OO

2.03E+03 II

:p~~ II

1Q9E4J1 II

8.91E4)I

839EW4
II

II

..



Table C.1-6. YMP-Scale Source Term Mass Inventory (Continued)
(Calendar Year = 2035, Time= Oyr) (a)

?uclide YMP Radionuclide Mass Inventory (b)

ID

DOE-Owned Commercial Total

Sm DHLW PWR I BWR
Ed [%1 Ml [~1 mgl [%1 lW [%1 WI

U232t O.oom (0.02E+OO) 0.00E+OO(0.00E+OO) 0.00EWl(0.00E+OO) 0.00E+CO(0.00E+03) O.oomm
U233 1.24E+03(9.99MI) 284E-01(2..29E-O2) 266s01 (2.141xn) 91nlxn (7.71E-03) 124Ei03
U234 267E+02(1.92W10) 3.76E+01(L70E-01) 9.49E+4)3(6.82E+OI) 4.13E+03(2.97E+OI) 1.39E+01
U235 1.37E+05(206MI) 1.73E+02(259MZ) 3.64E+05(5.46E@l) 1.65E#15(248E+OI) 6.66Ef15
u236 1.15E+04(3.87E+OO) 3.17EWI(1.07E-02) 203E+05(6.82EW1) 830E@l(279E+01) 297E+05
U238 260E+06(4.06E~) 5.30E+@l(829=) 4.02E+07(6.28E+01) 2.1lE~ (3.30E+01) 639E~
m3 624Ei02(9.47E-01) 131E+03(1.99EK0) 4~9E+@(G~+I)l) 2.1OE+W (3.19E+01) 6.59EMM

Total 2.84E+06 (430E+OO) 623E+04 (9.44E-02) 4.14EKJ7 (628EM)I) 2.16Ei07 (3.28E+01) 6.60E+07

0$ (c)

2.90E+06 (439 %) 6.31E+07 (95.6 %)

Top 10 Radionuclides (Ranked on Total Inventory for DOE-Owned and Commercial)

U238 260E+06 (4.06E40) 530E+04 (829E-02) 4.02E+07 (628E+01) 2.11E+07 (330E+01) 639E+07
U235 L37E+05 (206EW1) L73E+02 (259E-02) 3.64E+05 (5.46E+OI) 1.65)3+05 (248E#)l) 6.66E+05

PU239 6.98&03 (1.77E+4X)) 3.59E+02 (9.08EA12) 275E+05 (6.%E+OI) IJ3E+05 (2.85E+tX) 3.95E+05

u236 1.15!5+04 (3.871MO) 3.17E+01 (1.07E-02) 203E+05 (6.82EiOl) 830EW$ (2.79E+OI) 297E+05

PU240 138EW3 (8.76E-01) 6.80E41 (4.33S02) 1.10Ei05 (6.98E+01) 4.61Ei04 (2.93E+OI) 1.57E+05

Th232 * 7.94E+04 (9.46E+OI) 431Et03 (537E+OO) 132E-01 (1.58S04) 5.47EU2 (652E-05) 839E+04

2393 6.24E+02 (9.47E-01) 131E+03 (1.99E*) 429E+@4 (6.52E+01) 210E+04 (3.19E+01) 6S9E+04

An241 3.09E+02 (5.07E-01) L19Ei02 (1.94)301) 4.14E+04 (6.79E+OI) 1.92)3434 (3.14EWI) 6JOE+04

Tc99 436EW2 (7.62E-01) 9.13EW2 (1.60E+OO) 3.92E+04 (6.86E+OI) 1.66E+04 (291 E+OI) 5.722+04

CS137 3.94Et02 (7.IIE-01) 7.13E#)2 (129E+OO) 3.84E+04 (6.92E+01) 1.60EW4 (Z88EWI) 5.54E+04
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Table C.1-6. YMP-Scale Source Term Mass Inventory (Continued)
(Calendar Year = 2035, Time= Oyr) (a)

?ttclide YMP IGdonuclide Inventory

ID

DOE-Owned Commercial Total

SNF DHLW PWR BWR
rkal [%] P@ [%] M] [%] kg] [%] Ml

Top 10 Radionuclides (Ranked on Inventov for DOE-OwnedWastes Only)

U238

U235
~Q +

U236

PU239

2393

PU240

Tc99
U333

CS137

2.60E+06 (4.06E#)O)

L37Ei05 (2.06EW1)

7.94E+04 (9.46E+OI)

L15E+04 (3.87E+03)

6.98E+03 (1.77EiOO)

6124E-@2 (9.47E-01)

1.38E@3 (8.76%01)

436E+02 (7.62E-01)

1.24Ei03 (9.9?JEMI)

3.94E+02 (7.lIE-01)

530E+04 (829H12)

1.73EW2 (259E-02)

4.51E+03 (537E+OO)

3.17E+OI (1.07&02)

359E+02 (9.08=)

131E+03 (1.99EtOO)

6.80E+OI (433E-02)

9.13E+02 (1.60E+OO)

184E-01 (229iW)2)

7.13E+02 (1.29EtOO)

--
--
--
--
-.
--
--
--
--
--

--
--
--
--
--
—-
—-
--
--
--

U238

U235

PU239

U236

PU240

zr93
AJ@4~

-rC99

CW37

265E+06

1.37E+OS

839E+04

1.1SE+04

734E+03

1.93E+03

1.45E+03

13SE+03

L24E+03

1.11E+03

Top 10 Radionuclides (Ranked on Inventory for CommercialSNFSOnly)

-- -- 4.02EiCt7 (628W4N) 2.11E+07 (330E+OI) 6.13E+07

-- -- 3.64E+OS (5.49301) 1.6SE+0.S (248E+01) 529E+05

-- -- 17SEiOS (6.96E+01) 1.13E+05 (2.85E+OI) 3.88EW5

-- -- 203E+OS (6.82EiCtl) 830E+04 (2.79EWI) 2.86E+05

-- -- LIOE+05 (6.98E+OI) 4.61E+@l (2.93E+OI) IS6E+05

-- -- 4Q9E.@4 (632E+oI) 210E+04 (3.19E@1) 639EW4

-- -- 4.14E+04 (6.79EWI) 1.92E+(M (3.14E+01) 6.06E+04

-- -- 3.92E+M (6.86EWI) 1.66EW$ (2.91E+01) 5..58E+O4

-- -- 3.84E+04 (6.92E+OI) 1.60E+04 (288E+OI) S.44E+04

I I 2.46?3+0$ (6.8313KH)PU241 -- -- 1.14E+04 (3.16EtOl) II 3.60Et04

t
$

(a)

(M

(c)

(0

Datatines for radinnuriidcs wem p~viously reported in 1993 TSPA (Ref. TSPA 1993).

Data values for ra&onuclides were not previously_ in 1993 TSPA (Ref. TSPA 1993).

Spent nuclear fuel (SNP) and high-level waste (iiLW) inventory data taken from INEEUPA 1997 Pamrrreters
Database (WhKS qmt intendmtc“ datakse wd~ Up@rd VldUCSan be found in Appendix A Of Ref.
INEEL 1997). (Io total 41 mdiomrclides are iuvcntoried in the INEEIJPA-DB).

Mass inventory values calcadard using lralf-Iivet from the Decay libraries from ORIGEN2 (Ref. Croff
1980).

Not~ the total DOE+WIIcd roam load (due to radimmclides) is only 2.90E+06 kg. Thus only 439 % of the
total mass load (due to radionuchdes) in YMP is due to DOE-Ownedinvcotory.

Note thetotal commerckd mass load (due to mdionuciides) is 630E+07 kg. Thus 95.65$ of the total mass
Ioad (due to radionuclides) in YMP is due to Commercial inventory.
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Table C.1-7. YMP-Seale Source Term Mole Inventory
(Calendar Year= 2035, Time= Oyr) (a)

Nuclide YMP Radionuclide Mole InventoV (b)

ID

DOEOwned Commercial Total

SNF DHLW PWR BWR
[mole] [%] [mole] [%] [mole] [%) [mole] [%] [mole]

Ac227 1.87S03 (8.92W4)I) 1.72S04 (823E+OO) 3.70E.05 (1.76Ei(X)) 1.64E-05 (7.85EW1) 2J0.E-03
Ag108m t 0.00E+OO (0.00E+OO) 0.00E+OO (0.00E40) 0.00E+OO (0.00E+OO) O.WE+OO (0.00E+OO) 0.00E+OO

Am241 1.28E+03 (Sml) 4.92E+02 (1.94M1) 1.72%05 (6.79E+OI) 7.%E+04 (3.14E+OI) 253E+05

Am242m 3.4=1 (5.68M2) 3.82E-02 (6351M3) 3.98Ei-02 (6.62E+OI) 2.03Et02 (3.37E+OI) 6.02E+02

Am243 3.74E+OI (1.08MI) 3.57E+O0 (1.03E-02) 242E+04 (6.%E+OI) L05EW4 (3.03E+01) 3.47EKM

C14 L47E+OI (9.76E-01) 0.00IMO (0.00E+OO) 9.50E+02 (6.32EW1) 538E+02 @58E+OI) L50Et03

C136 3.67E+tM (5.86S01) O.oow (o.00E+OO) 4.18E+02 (6.66!5+01) 205E+02 (3.28E+OI) 6.27E+02

cm243 t 0.00E+OO (0.00W0O) ‘ O.WE+OO (0.00E40) 0.@3E+O0 (0.CK)EiOO) O.WEWO (0.00E~) 0.00E+OO

cm244 3.91E+O0 (6.7-.) 272%00 (4.69E-02) 4.15E+03 (7.16E+OI) 1.64Ei03 (283E+OI) 5.79E+03

cm245 723E-02 (134G02) 6.30S03 (1.16E-03) 3.99E+02 (738E+OI) L41EW2 (262EA)I)

cm246

5.41E+02

6.82E-02 (1.09E-01) 3.98W)4 (638E-04) 4.70E+01 (7.53E+OI) l.WEiOl (2.46E+OI) 6Q4E41

CS135 131Eu13 (5.74E-01) 3.48E+03 (L52EWO) 1.54E+05 (6.72EiOl) 7.01E+04 (3.07E+OI)

(2s137

~~9E+(35

288EK13 (7.11S01) 521E+03 (129E+03) 280E+05 (6.92E+OI) L17Ei05 (2.88E+OI) 4.05E+OS

1129 720E+02 (7.02E-01) 3.93E41 (3.83)5-(M) 7.16Ei04 (6.98EKU) 3.03E+04 (2.95E+OI) 1.03EW5

M093 f 0.00Ei4)0 (0.00E+OO) 0.00E+OO (0.00E40) 0.02E+O0 (0.00E+OO) O.WEiOO (0.00EWO) 0.00E+OO

Nb93m * L26&06 (537E-01) 5.68- (Z43E+OO) 1.52S04 (650E+OI) 7.49E-05 (321 E+OI) z34E~

Nb94 5.ml (1.87E-02) 7.94Z03 (2.53E-04) 3.022i03 (9.63E+OI) L16Et02 (3.71E+OO) 3.14EM13

Nii9 1.02E+02 (2.87ZOI) 284E+OI (7.95S02) 269E+04 (751E+01) 8.77E#3 (2.4.51 M!) 3S8E+04

N163 L03E4432 (1.75E+00) 0.00E+OO (0.00E+OO) 4.43E+03 (750EWI) 137E+03 (232E+OI) 5.90E+03
N@37 9.70!5+02 (555WJ1) 7.96EAKZ (455E-01) 127Ei05 (726E+OI) 4.62E+04 (264E+OI) 1.75E+05

Pa231 7.951WM (929E+01) 420?5-01 (4.91Eioo) 127E-01 (1.49E+OO) 5.68E-02 (6.65E-01) 8.55E+O0

Pb210 4.93E-07 (3.15E+01) 7.98E-09 (5.lIE-01) 7.30E-07 (4.67E+OI) 332E-07 (212Eiol) 156S06

Pd107 5.16E+02 (333HI) 0.00E+OO (0.00E+OO) 1.08E+05 (6.%E+O1) 4.651%04 (3.OIEiOl) 1S5E+05

Pu238 1.47E+02 (265E-01) 4.61E+02 (829E-01) 4.03E+04 (723E+lM) 1.48E+04 @66E+Ol) 557E#4

PU239 292)3+04 (L77E+OO) L50E+03 (9.081%32) 1.15E+06 (6.96%01) 4.71E+05 (2.85E+OI) 1.65E+06

PU240 5.74E+03 (8.76E-01) 2.83EK12 (433S02) 4.57EW5 (6.98E#)l) L92E+05 (2.93E#ll)

PU241

6S5E+05

250E+Q2 (1.67E-01) 280E+01 (1.88E-02) 1.02E+05 (6.83E+OI) 4.71E+04 (3.16EWI) 1.49EW5

Pu242 278E+02 (L90E-01) 255E+01 (1.74E-02) 9.97E+04 (6.81E+OI) 4.64EW4 (3.17E#)l) 1.46E+05

3.53E-05 (8.73E+OO) 1.97E-06 (4.89E-01) 252E-04 (625EiOl) 1.14E-04 (283E+01) 4.04E.CM

Ra228* 159?S.04 (LOOE+02) 0.00E+OO (0.00E+OO) L65E-10 (1.04E4M) 692E-11 (434E-05) L59E4J4

SC79 431EtOl (7.77E-01) 7.85EWI (1.42E40) 3.83E43 (6.91EKII) 159E+03 (2.87E41) 5S5E+03

Sm151 128E+02 (193E+OO) 0.00E+OO (0.WE+OO) 4.56E+03 (6.88E+01) 1.94E+03 C293E+01) 6.63E+03

Sn121m ~ 0.00E-IUO (0.00E410) 0.00EWO (0.00E+CO) 0.00E+OO (0.WE410) 0.00E+OO (0.00E*) 0.00EiOO

SnK16 8.81E@l (5.46E-01) 0.00E+OO (0.00E+OO) 1.13E#4 (7.02E+OI) 4.73E+03 (293E+OI)

S190

1.61E+04

~ZKE+03 (8.80~1) 3.49E-K)3 (1.30E+03) 1.87E+05 (6.95E+OI) 7.62E+W @.&IE+O]) 2.69E+05

Tc99 4.40E+03 (7.62E-01) 924EA)3 (L60E+OO) 3.96E+05 (6.86E+01) L68E+05 (291 E+OI) 5.78E&5

111229 5.60E-01 (9.97E+OI) 1.46E.03 (259E-01) 3.04E-04 (5.40E-03 L14E-04 (2.03E-03 5.62E41

Th230 3.14E-01 (8.12E40) 1.26M2 (324EA31) 246E+O0 (634E+01) L09E+IM (281 E+01)
Hz $

3.87E+O0
3.4~5 (9-.46E4I) L94E-W4 (537E+OO) 5.70E-01 (1.58E-04) 236E-01 (6.52E-05) 3.6~+4)5
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Table C.1-7. YMP-Scale Source Term Mole Inventory (Continued)
(Calendar Year = 2035, Time= O yr) (a)

?uclide YMP Radionuclide Mole Inventory

U232$
U233
U234
U235
U236
U238
=3

SNF
[mole] [%]

0.00E+OO (0.00E+CKI)

5.32E+03 (9.99E+OI)

1.14)%03 (1.92E+OO)

5.83Ei05 (2.C6E+OI)

4.87)3+0% (3.87E#30)

L09E+07 (4.G5E+.00)

6.72E+03 (9.47WI)

Total 1.19E+07 (4.29E+OO)

0)
1.22E+07

DHLW
[mole] [%]

0.00E+CQ (0.00EWO)

1.2213@ (229E-02)

1.61E+02 (270E-01)

734EW2 (259E-02)

L34Ei02 (1.07E-02)

222E+05 (829M2)

1.41E4J4 (1.99E+OO)

2.82E+05 (1.OIE-01)

(c)

(4.39 %)

U238

U225

PU239

U236

?i93

PU240

TC99

C.S137

n1232 *

s190

Commercial

PWR
[mole] [%7]

0.02E+O0 (0.00E+OO)

L14E+O0 (214E-02)

4.OSE+(M (6.82E+OI)

155%06 (5.46E+01)

8.58EM5 (6.82E41)

1.69E+08 (628E+OI)

4.62E+05 (6.52Ei01)

1.75E+08 (6.28EiOl)

2.66E+08

BWR
[mole] [%]

0.005+02 (0.00E+OO)

4-1 HZ-O] (7.71 E-03)

L76E/@4 (2.97E+01)

7.03E+05 (248E+OI)

3.52E+05 (279E+OI)

8.86E+07 (3.30E+OI)

226E+05 (3.19E+01)

9.13E+07 (3.28E+01)

(95.6 %)

Top 10 RadionucIides (Ranked on Total Inventory for DOE-Owned and Commercial)

Total

[mole)

0.00E+OO

5.32E+03

S.95E+04

283E+06

L26E+06

2.68EW8

7.09E+4J5

279E+08

1.09)5+07 (4.ME-WO)

5.83E+05 (2.06E41)

292E+04 (1.77E+CQ

4.87E+04 (3.87E+OO)

6.72Ei03 (9.47E-01)

5.74E+03 (8.76S01)

4.40Ei03 (7.62)3-01)

2.88E+03 (7.IIE-01)

3.42E+05 (9.46E+OI)

236E+433 (8.80E41)

7222E+&j (8Q9~02)

7.34E4432 (2.59E-02)

L50E+03 (9.08E-02)

L34E+02 (1.07EW.)

1.41E+04 (1.99E+OO)

2.83E+02 (433E-02)

9.24E+03 (MOE+(M)

5.21E+03 (129EWO)

1.94Ei04 (537E+OO)

3.49E#J3 (130E+OO)

L69E+08 (628E+OI)

155E-x36 (5.46E+OI)

L15E+C6 (6.96E@l)

8.58EW5 (6.82E+OI)
4.6zE45 (6.5~4])

4.57E+05 (6.98E431)

3.96E+05 (6.86E+OI)

280Ei05 (6.92E+OI)

5.70E-01 (1.58E-04)

L87E+05 (6.95E+01)

8.86E+07 (3.30E+01)

7.03E+05 (2.48E+OI)

4.71E+05 (285E+01)
33E+05 (279E+01)

?ZZ6E+05 (3.19EK11)

L92E+05 (2.93E+01)

L68EK15 (291 E+OI)

L17E+05 (288EiOl)

236E-01 (6.52E-05)
7-6?~~ (z~E#jl)

2.68E#18

2.83E+U6

L65E+06

L26EW6

7.09E+05

6.55Et05

5.78E+OS

4.05EA5
3.6~E45

2.69E+05
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Table C.1-7. YMP:Scale Source Term Mole Inventory (Continued)
(Calendar Year = 2035, Time= Oyr) (a)

II

?uclide YMP Radionuclide Inventory

ID

DOE-Owned Commercial Total

SNF DHLW PWR BWR
[mole] [%] [mole] [%] [mole] [%] [mole] [%] [mole]

Top 10 Radionuclides (Ranked on Inventory for DOE-OwnedWastes Only)

U238 1.0913W(4.06EtOO) ZZ213W(829E-02) -- -- 1.11E+07
U235 5.83E+05(I06EWI) 734Ei03(259E-02) -- -- 5.84E+OS
‘fh232* 3.42Ei05(9.46~1) 194E~ (537E+OO) -- -- 3.61E+05
U236 4.87E+0$(3.87~) 134Ei02(1.m) -- -- 4.88E+01
PU239 292E+01(1.77Ei00) 130Ei03(9.08E-02) -- .- 3.07E+04
zr93 6.72E+03(9.4~1) 1.41E-W(1.99E#10) -- -- 208E+0$
Tc99 4.40E+03(7.62E@ 9.24E+03(1.60E~) -- -- 1.36Eto4
C5137 2.88Ei03(7.llEOl) 5~1~3 (~~g~) -- -- 8.09E+03
Pu2# S.74Ei03(8.76E-01) 283E+03(433E-02) -- -- 6.02E+03
Sl$lo 236E+03(8.80E-01) 3.49Eu)3(130E+OO) -- -- 5.85E+03

Top 10 Radionuclides (Ranked on Inventory for Commercial SNFSOnly)

U238 --- -- 1.69E+08(6.28E+01) 8.86Ei07(330E+OI) 258E+08
U235 -- -- 1.55E* (S.46EW1) 7.03E+0S(248E+01) 225E*
‘PU239 -- -- M5E+cd(6.96E+01) 4.71E+0S(285E41) 1.62E*
U236 -- -- 838E45(6.82E+01) 3.5X+05(279Eii)l) 1.21Ei-05
=3 -- -- 4.62Ei05(652E+01) 226E+05(3.19E+01) 6.88E+05
PU240 -- -- 4.57E+OS(6.98EiOl) 1.92Ei05(293E+01) 6.49EM5
Tc99 -- -- 3.96E+05(6.86EWI) 1.68Ei05(2.91E+01) .5.64Ei05
C5137 -- -- 280E+05(6.92E+01) 1.17E+05(2.88EiOl) 3.97E+05
Srgo -- -- 1.87E+05(695Ei-01) 7.63W0$(284E+01) L63E&5

Am241 -- -- 1.72E+05(6.79E#ll) 7.96E+@I(3.14E+01) 2522+05

t Data values for mdiormclides wcm previously repottsd in 1993 TSPA (Ret TSPA 1993).

+ Data vahtcs for radionudidcs wcae not previously mportcd in 1993 TSPA (Rcf. TSPA M93).
(a) Spent nuclear fuel (SNF) and high-level waste (HLW) invctttoty data taken from INEEIJPA 1997 Pamn=tcts

Databas (values mptuent intcmdalc- dambasc values, upgmded values can be found in Appendix A of Ref.
INEEL 1997). (IrItotal 41 radionuclidcs me inventoried in the INEEUPA-DB).

0$ Mole inventory values @cularsd using half-lives from the ky Liimrks from ORIGE!Q (f&. Croff
1980).

(c) No* the total DO&owned mole load (due to dionuclidcs) is only L22E+07 moles. TINE only 439 % of
the total mole load (due to radionudides) in YMP is due to DOE-&vned ittvento~.

(m Not% the total cornrnemial mole bad (due to mdionuclid~) is 266EM8 mole. Thus 95.6 % of the total
mole load (due to miionuclides) in YIkfP is due to commercial inventory.
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Table C.I-S. FissiIe
3

uivalent of Many of the Radionuclides
in the Actinide cries and Fission Yield Products

Nuclide Fissile Gram Equivalent (FGE) Fission
U-235 FGE (a) Pu-239 FGE (b) Yield

ID Atomic Water- steJA- Conservative Value PdUCtS (d)
Number Reflected Reflected Value (cl [%1 [%1

Se79 34 – 4.50E-02
zr93 40 6.35E+O0

Nb93m 41 6.35E400
Nb94 41 6.47E+Q0
Pd107 46 1.46E-01
1129 53 – o.54wQ0
CS135 55 - 6.54E+00
CS137 55 6.191%Q0
Sm151 62 – 4.19s01
Ac227 89 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO

90 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
Th230 90 0.00E+W) 0.00E+OO 0.00E+OO 0.00E+OO
Th232 90 0.00E+OO 0.00E+08 0.00Ei-00 0.00E+OO
Pa231 91 0.00E+OO 0.00Ei-00 O.WE+@ 0.00E+OO
U232 92 0.00E+OO O.COE+OO 0.00E+OO 0.00E+OO
U233 92 I.00E+OO - 2.00E+OO(e) 1.00E+OO

U234 92 0.00E+OO 0.03E+00 0.00Ei-00 0.00E+OO
U235 92 1.00E+OO – lJIOE+OO LOOE+OO
U236 92 0.00EiOO 0.00E+03 0.00E+OO 0.00E+OO
U237 92 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
U238 92 0.00E+OO 0.00EW3 0.00E+OO 0.00E+OO
Np237 93 1.50E-02 2.25E-02 225E-02(f) L50E-02
Pu236 94 0.00E+OO 0.00E+OO 0.00EiOO 0.00E+OO
Pu238 94 1.13E-01 L50E-ol L50E-01 1.131M)1
PU239 94 1.00E+OO – 2.00E+OO(e) 1.00E+OO
PU240 94 22s&02 3.00E-02 3.00S02 225E-02
PU241 94 2.25E+O0 - 225m2 225E+O0
PU242 94 7.50E-03 1.13E-02 1.13E-02 7.50E4)3
PU244 94 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
Am241 95 1.88E-02 281E-02 281E-02 1.87E-02

Am242m 95 3.46E+01 - 3.46E+01 3.46E+01
Am243 95 L29E-02 L80E-02 1.80E-02 1.29E-02
Cm242 96 0.00E+OO 0.03E+O0 0.00E+OO 0.00Ei410
cm243 96 5.00EiOO – 5.00E+OO 5.00EiUO
cm244 96 9.001M2 1.50E-01 1.501W1 9.ME02
cm245 96 1.50E-01 - 1.50E-01 L50EiOl
cm246 96 0.00Ei4XI 0.03E+O0 0.00E+OO 0.00E+OO
cm247 96 5.00E-01 - 5.00E-01 5.00E-01
cm248 96 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
Cmzo 96 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
Bk247 97 0.00E+OO 0.00E+03 0.00E+OO 0.00E+OO
Bk249 97 0.00E+OO 0.00E+OO 0.00E-I-(KI 0.00Ei4)0
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Table C.1-8. Fissile Equivalent of Many of the Radionuclides
in the Actinide Series and Fisdon Yield Products (Continued)

.
,

Nuclide F~sile Gram Equivalent (FGE) Fksion
U-235 FGE (a) Pu-239 FGE (b) Yield

ID Atomic Water- steel- Conservative Value pdUCtS (d)
Number Reflected Reflected Value (c) r%l r%?

cm9 98 4.50E+01 - 4.5oE+ol 4.SOE+O1
Cmo 98 0.00E+OO O.ow+oo 0.00E+OO O.oow
Cnsl 98 9.00E+Ol - 9.00E+O1 9.00W1
cn52 98 0.00E+OO O.OQEi-00 0.00E+OO o.ooE-iQo
ES252 99 0.00EiOO O.oomoo O.oow o.ooEloo
ES2S4 99 0.00E+4)0 0.00E+OO 0.00E+OO O.clm+oo

Data valocs not reported in rcfcrmas.
(a) Data taken from Ref. I&chard 1995b (Vo13Akble H-19/pg.H-17). Tksc FGE values arc basal on subcriti-

cal mass limits for water-rcfklcd or stul-reflcacd We acdnidc nuclidcs. Bad on data in ANSUANS-
8.15-1981. iko valued cnttics rcficct isotopes thatam short-lived andhr have small fission cross-sections.

@) Data mkm from Ref. DOE 1989 (TRUPACf-11 SARfE&Ie 10.lfp~ 1.3.7-51). Data originally from (Refs.
10.2.1 and 10.22 from DOE 1989).

(c) ~ COoservadvevalues (for u-235 KiEs only) arc tile maximum of water-mfleucd aud std-rcflcucd
derived FGEs.

(d) F&on yield products prcscntrd here arc for iso= see discwsion from fwmm (a) of T~lc ~1-1 L
(e) U-233 and Pu-239 arc typicalIy givrn a FGE value (wkn expressed in uni= of U-235 FGE) of 20 for criti-

~w+qd~ti~eam ~am~time~m~ti ~e~titifor
U-235.

(0 Radionndides which have even numbers of ncntmm have reduced FGE values if h rcktor is also a
modaamr (c.~ wa!er), that is tbcsc radionuclides In* ncntmn rncagy thresholds, below which the probabil-
ilyoftissin nisgrcatlynxkced.

. .
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Table C.1-9. YMP-Scale Source Term Fissile Invento
(U-235 Fissile Equivalents, Calendar Year= 2035, Time= ~yr) (a)

Nuclide

ID

Ac227
Ag108m $

Am241

/un242m

Am243

C14

C136

CnQ43 T

cm244

cm245

cm246

C5135

C5137
ll~g

M093 *

Nb93m *

Nb94

Nfi9

N163
NP237

Pa231

Pb210

Pd107

Pu238

PU239

PU240

PU241

Pu242

Ra228*

Se79

Sm151

Sn121m t

Sn126

s190

-rC99

n1229

Th230

Tb232 *

YMP Radionuclide Fissile Inventory (b)

DOE-Owned

SNF
ml [%1

0.00E+OO (0.00JMO)

0.00E+03 (0.WE+OO)

8.68E40 (5.07BOI)

286E+O0 (5.68E-02)

L63E-01 (1.08MI)

o.ooE+OO (om#30)

0.00E+OO (0.00E+OO)

0.00Ei03 (0.00E+OO)

1.43E-01 (6.75E-02)

2.KE-03 (134E-02)

0.00EWO (0.00EWO)

O.MJE+CKl(0.WEWO)

0.00EtOO (0.02E+OO)

0.00EiOO (0.00E+OO)

0.00E+MI (0.00E40)

0.00E~ (0.00E+OO)

0.00E+#J (0.CKIE40)

0.00E-KX) (0.00E+OO)

0.00E+W (0.00E+OO)

5.17E+O0 (5SE-01)

0.00E+(KI (0.00EWO)

0.00E+W (0.CU3E+OO)

0.00E+OO (0.00E+OO)

5.26E+00 (265E-01)

1.40E+(M (1.77E+OO)

4.14E#)l (8.76E-01)

L35E+C0 (L67E-01)

7.61E4N (L90E-01)

O.ME+OO (0.00EtOO)

O.MIEm (0.00E+OO)

0.00E+OO (0.00E+OO)

0.00E+OO (0.00EMIO)

0.00E+OO (0.00E+OO)

0.00E+OO (0.03EKtO)

0.00E+OO (0.00E@O)

O.(X)E+OO(0.00EKJO)

0.00E+C41 (0.02E40)

O.CK)E+OO(0.00E40)

0.00E+OO (0.03E40)

DHLW
- ml [W

O.oowoo(0.00E+OO)
0.00E+OO(0.COE~)
3.33E+O0(1.94M1)
320E-01(63=)
136- (1.03=)
O.oom (0.oolwxo
0.00E+OO(0.00E+OO)
0.00m (0.~EiOO)
9.94= (4.69B03)
23M (1.16E-03)
0.00E~ (0.00Ei4)O)
0.00E+OO(0.00E+OO)

OJME+OO(0.00E+OO)

0.00EtOO (0.00E-)

OJME-KIO(0.00E+OO)

0.00EMO (0.00E+OO)

0.00E+OO (0.00EWO)

0.00E+OO (0.00Ei@)

O.WE+OO (0.00EiOO)

425EMKI (4.5ml)

0.00E+CO (0.00EMKI)

0.00E+03 (0.00EiOO)

0.00E+OO (0.00E~)

1.65E+01 (8.29E-01)

7.18E+02 (9.08E42)

204E+O0 (433E-02)

L52E-01 (1.88E-02)

6.9%42 (1.74E-02)

0.03E+O0 (0.00Ei-00)

0.00E40 (0.00E40)

0.00Ei4J0 (0.COE+OO)

0.00E+OO (0.02EtOO)

0.02E+O0 (0.CXIE+W)

0.00E#Q (0.00E+OO)

0.00E+GU (0.WE40)

O.KIE+OO(0.00E+03)

O.WE+OO (0.00E+03)

0.00E+OO (0.03E#30)

O.O!)E+OO(0.00E+OO)

Commercial

PWR
Kg] [%]

0.00E+OO (0.WE+OO)

0.03E+O0 (0.00E+OO)

L16E+03 (6.79?5+01)

334E+03 (6.62)%01)

1.06E+02 (6.%!3-01)

0.00E+@l (0.(KE+(M)

0.00EiOO (0.0X3+OO)

0.00E+OO (0.00E+OO)

L52E+02 (7.16E+01)

L47E+OI (738E+OI)

0.00E+OO (0.00E+IM)

0.00E+OO (0.00EMX3)

0.00EKXJ (0.00E+03)

0.00E+OO (0.00E#lO)

0.00E+MI (o.mwoo)
OJME+OO(0.00E+03)

O.~EMIO (0.00E+CO)

0.00E+OO (0.00EAK))

0.@3EiO0 (0.00E+OO)

6.77E+02 (726E+OI)

0.00E+03 (0.00E+W)

0.00E+OO (0.00EKQ

0.00E+09 (0.WE+03)

L44Ei03 (723E+OI)

5.50E+05 (6.%E+OI)

3.29EW3 (6.98EMI)

5.53E+02 (6.83EiJ31)

273E+02 (6.81E+01)

O.(KIE+OO(0.00EKIO)

0.00E+OO (0.00E+@

0.00E+W (0.00EWO)

0.00E+O!I (0.00E+03)

0.00E+OO (0.00E+OO)

0.03E+W (0.00EM)O)

0.lX3E+C0 (0.00EMIO)

0.00E+02 (0.00EW3)

0.00EAKI (0.03E#30)

0.00EiOO (0.00EW3)

0.03E+03 (0.00E+CO)

BWR

P@ [%]

0.03EtCCJ (0.00EWO)

0.fME+03 (0.00E+OO)

539E+02 (3.14E+OI)

1.70E+03 (337E+OI)

4.60E+01 (3.03E+411)

0.00EKY3 (0.00EWO)

0.00E+OO (0.00E+OO)

0.00E+OU (0.00E+OO)

5.99E+01 (2.83E+OI)

520E+O0 (2.62E+OI)

O.COE+OO(0.00E+OO)

0.00EWI (0.00E+OO)

0.00E#IO (0.00E+OO)

0.00E+(XI (0.00E+OO)

O.WE+OO (0.00E+OO)

O.COE+OO(0.00E+OO)

0.03E+O0 (0.00E40)

0.00E#)O (0.00E+OO)

0.00E+CO (0.00E+OO)

2.46EW2 (2.64E+OI)

0.00E+CO (0.00E+OO)

0.00E+OO (0.00EiOO)

O.WE+(K) (0.00E+OO)

5.28E+02 (2.66E+01)

225Et05 (2.85E+OI)

138E+03 (2.93EtOl)

256E+02 (3.16E+OI)

L27E412 (3.17E+OI)

0.00E+OO (0.00E+OO)

0.00E+OO (0.00EWO)

0.00E+OO (0.00E+OO)

0.00E~ (0.00EKIO)

0.00E+MI (0.00E+OO)

0.00E+OO (0.00E+OO)

0.00E+OO (0.00EKW

0.00E+03 (0.00E+OO)

0.00EiOO (0.00E+OO)

0.COE+03 (0.00E40)

0.00E#30 (0.00E+OO)

Total

Kg]

0.00E+OO
0.00E+OO
1.71E+03

5.04E+03

152E42

0.00E+OO

0.00E+OO

0.00E+OO
2.l~E+02

1.99Et01

0.00E+OO

0.00E+OO

0.00E+OO

0.00E40

0.00E+OO

0.00E+OO

0.00EWO

0.00E+OO

0.00E+OO

933E+02

0.00E+OO

0.00EWO

0.00E+OO

1.99E+03

7.90Et05

4.72E+03

8.1OEW2

4.00E+02

0.00E+OO

0.00E+OO

0.00E+W

0.00E+OC

0.00E+OC

0.00E+OC

0.00E+O(

0.00E+Ot

0.00E+O(

0.00E+O(

0.00E+O(
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Table C.1-9. YMP-Scale Source Term FissiIe Inventory (Continued)
@J-235Fissile Equivalents, Calendar Year= 2035, Time= Oyr) (a)

uclide YMP Radionuclide Fissile Inventory (b)

ID

DOE-Owned Commercial Total

Sm DHLW PWR BWR
Wl [%1 “ Ml [%1 Ml [%1 Kg] [%1 M]

U232t 0.00E~ (0.00~) O.00~ (0.00E~) 0.00E+OO(0.00E+OO) 0.00E+OO(0.00E~) 0.00E~
U233 2.48Ei03(9.99E@) 5.68H1(2291Z-03) S.31E-01(2.14E-02) 1.91E-01(7.71s03) Z48E+03
U234 O.oow (0.00M) O.~W)ll(0.00E#O) 0.00E~ (0.00E+OO) 0.00EiOO(0.00E+OO) 0.00E+OO
U235 1.3W5 (2.06E.I-01) 1.73M (2.59M2) 3.64m-os(5.-1) 1.6~S (248E+01) 6.66E+05
u236 0.00E+OO(0.oowoo) 0.00E+cO(0.00E+OO) 0.00E~ (0.00_) 0.00E+OO(0.00E+OO) 0.00E+OO
U238 0.00E+OO(0.00E#)O) 0.00E+OO(0.WE40) 0.00EiOO (0.00E+OO) O.WWOO (0.00E40) 0.00E+OO

zr93 0.00E+OO (0.00E+OO) 0.00EiOO (0.COE40) 0.00E+OO (0.CQE+CK)) 0.00E+OO (0.00E+OO) 0.00E40

Total L53E+05 (1.04E+OI) 9.18EKL2 (622E-02) 9.25E+OS (6.27E@l) 3.95E45 (268Eiol) 1.47E+06

L54E+05 (10S %) (C) L32E+06 (89.5%) (d)

Top 10 Ra&onuclides (Ranked on Total Inventory for DOE-Owned and Commercial)

PU239 1.40E#l(1.77E~) 7.18Ei02(9.08=2) 5.50E+05(6.%EiOl) 225E+05@.85EiOl) 790Ei0S
U235 1.37E45(2.06E+ol) 1.73E+02(2.59E-OZ) 3.64E+05(5.46E+01) 1.65Ei05(248E+01) 6.66E+05
ur1242m 286E#0(5.681M2) 3QOE-01(6.35E-03) 334E+03(6.62E+01) 1.70E+03(337E+01) S.04Ei03

4.14E+01(8.76&01) 2.04E+03(433~2) 329E+03(6.98E+OI) 138Ei03(2.93EW1) 4.72Eio3
U233 Z48Et03(9.99E.Mll) 5.68MI(229-) 531E-01(214E-02) 191E01(7.71E-03) 2.48Ei03
W41 8.68Blw(S.onxn) 3.33E~ (1.94E-01) 1.16E43(6.79~1) 539E+02(3.14E+01) 1.71E+03
Np237 5.17EW(5.5X-OX) 425E+O0(4.5.SE-01) 6.77E+02(7.26E+oI) 2.46Ei02(2.64E&1) 933E+02
PU241 1.3m+00(1.67E-01) 1~~~1 (1.88EQ) 5.S3E~.(6.83E+01) 9256E*.@16E+ol) 8.1OEW2
Pu242 7.61E-01(1.90E-01) 6.99E-02(1.74~) 273E~ (6.81E+OI) umwn (’3.17E+oI) 4.00EiOZ
Pu238 5.36Et00(265E-01) 1.6SEiOl(829H1) 1.44E+03(723EiOl) 528E+02(266E+01) 199Ei03

~ Da.uvaluKforti,onuclidc.swem previously reported in 1993 TSPA (Rd. TSPA 1993).
$

Darrivahcs for mdionuclidcs wcxe not previously reporud in 1993 TSPA (Ref. TSPA 1993).
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Table C.1-9. YMP-Scale Source Term Fissile Inventory (Continued
@235 Fissiie Equivalents, Calendar Year= 2035, Time= Oyr)(a 1

Wclide YMP Radionuclide Inventory

ID

DOE-Owned Commercial

SNF DHLW PWR BWR
Ml [%1 W] [%1 WA 1%1 rkgl [%1

ToplORadionucIides (Ranked on TotaIInventory for DOE-Owned Wastes OnIy)

U235

PU239

U223

PU240
~41

Np237

Pu238

Am242m

PU241

Pu242

137JM5 (206E+OI)

L40E+04 (1.77EAO)

2.48E+03 (9.99EW1)

4.14E+OI (8.76S01)

8.68E+O0 (S.07E-01)

5.17E+O0 (5.5S01)

526E44XI (Ui5E41)

2.86E+O0 (s.68S02)

L35E+O0 (1.671MI)

7.61E-01 (1.9CE01)

PU239
U235

Am242m
PU240
Am241
NP237

PU241
Pu242
Pu238
CnW4

L73E+02 (2591%02)

7.18Ei02 (9.08E-02)

5.68E-01 (229S02)

204Ei03 (433H2)

3.33E+O0 (1.941XH)

425E+CMI (4.55S01)

L6.5W4N (8.29E-01)

3.20H)I (63%03)

L52E-01 (1.88&02)

6.99E-02 (1.74E412)

.-
--
--
--
--
--
--
--
-—
-_

.-
--
--
--
--
.-
--
--
--
--

Top 10 Radionuclides (Ranked on TotaI Inventory for ComrnerciaI SNI?SOnly)

--
--
--
--
--
--
--
--
-_
--

--
--
--
--
—-
-_
--
--
--
--

5.50E+05 (6.%EWI)

3.64E+05 (5.46EiOl)

334Ei03 (6.625+01)

3.29E+03 (6.98EW)

1.16E+03 (6.79EiOl)

6.77E+02 C26EMI)

5.53E+02 (6.83E+OI)

2.73Ei02 (6.81E+OI)

1.44E43 (723E+OI)

1.5??W2 (7.16E+OI)

,,

225E+05 (2.85E+OI)

L6.51M5 (2.48E+01)

L70EA13 (337E+OI)

138E+03 (2.93E+01)

5.39E+02 (3.14E+01)

2.46E@2 (2.64E+OI)

2.56E+02 (3.16E41)

L27E+02 (3.17EiOl)

528Et02 (2.66EiOl)

5.S9E+OI (2.83E+OI)

(a) Spent nuclear fuel (SNF) and high-level waste (HL.W) inventory data taken fmm INEEIJPA 1997 hamctcm
Dambasc (values represent iomrmdatc darakc till= upgmded values can be found in Appendix A of Ref.
INEEL 1997). (In total 41 radionuclidcs om inventoried in the INEEUPA-DB).

G) Fdc inventory values calcuhtcd using mass values form Table C.I-7 and U-235 fissilc gmm equivalents
(FGE.s)from Table Cl-S.

(c) NOW tbc total DOE-owned FCiEload (due to radionuclidr,s) is only 1.54E+05 kg. Thus only 10S % of the
total FGE l~d (due to radfonuclides) in YMP is due to DOEA3vnmd inveotory.

(d) No@ the total co tnmcmiaf FGE load (due to radionuclidcs) > 132E+06 kg. Thus 893 % of the total lWE
load (due to radionuclides) in YMP is due to commercial inventory.

Total

w]

137E+05

1.47EW

2.48E+03

434E+01
1QOE+O]

9.42E+O0

2J8E+01

3J8E+O0

1.50E+O0

831E-01

7.75E+05

529E+05

5.04E+03

4.67)5+03

1.70EA)3

923E+02

5.85Et02

4.00E+02

1.97E+03

2.12E+02
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Table C.1-10. YMP-Scale Source Term I?issile Enrichments
(Calendar Year = 2035, Time= OW) (a)

I

Fissile YMP Radionuclide Fissile Inventory
Material

DOE-Owned Commercial Total

JJl Propertv SNF DHLW PWR BWR

Uranium FGEKg] (b) 1.39E+05 1.74E+02 3.64E+05 L65E+05 6.68E+05
(U2X4U233, MassRg] (C) 275E+06 5.32E+04 4.08E+07 2.14E+076.49Ei437
U234,U235, Enrichment 5.05(%) 0.327(%) 0.893(%) 0.773(%)

J236& U238)

FGE~g] 1.40E+05 5.29EA15
MassKg] 2.80E+06 6.21E+07
Enrichment 4.99(%) (d) 0.852 (%) (e)

I

FGE &g] 6.69Ei-1)5

Mass ~g] 6.49E+07

Enrichment YMP-Site Average= 1.03 (%)- (0

Plutonium FGE~g) (h) 7.15E+03 3.88E+02 3.34E+05 1.40E+054.81E+05
Tr1238,R1239, Mass&g](C) 8.52E+03 5.50E+02 4.43E+05 1.85E+056.38E+05
Pu240,Pu241, Enrichment 83.9(%) 70.8(%) 75.4(%) 75.7(%)

& PU242)

FGEKg] 7.54E+03 4.74E+05
Mass~g] 9.071W3 6.29Ei4)5
Emichment 83.1(%) (d) . 75.4 (%) (e)

I

FGE ~gl 4.81E+05

Mass Kg] 638EiOS

I%richnrcnI ~-Si~e Average= 75.5 (%) (0

(a) Spent nuclear fuel (SW.) and high-leveI waste (HLW) inventory data taken tim INEEUPA 1997 Panmetm
Dambasc (values rep-t in&mc&atc- chbase valus upgraded vaiues ean be found in Appendix A of Ref.
INEEL 1997).

0$ F~iIc mass inventory values taken fioro TableU-9.
(c) Mass invcnto~ values taken from TabIe (2.1-6.

(0 YMP-Site average uuichnxmt for DOE-Owned inventory.
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Table C.1-10. YMl?-Scale Source Term Fissile Enrichments (Continued)
(Calendar Year = 2035, Time= Oyr) (a)

Fissile YMP Radonuclide Fissile Inventory
Material

DOE-Owned Commercial Total

D property SNF DHLW PWR 13WR

Uranium + FGEKg] (b) 1.53E+05 9.1IE+02 9.20E+05 3.92E+05 1.46E+06
Plutonium Masskg] (C) 276Ei06 5.38E+04 4.12M7 2.15EiQ7 6.56E+07
(lJ233,U234, Enrichment 5.54(%) 1.69(%) 2.23(%) 1.82(%)
U235,U236,
U238,Pu238,
PU239,FU240,

Pu241+ Pu242) FGE~g] 1.54EA5 1.31E+06
MassKg] 281EA% 6.28EW7

Enrichment 5.48 (%) (d) 2.09 (%) (e)

I

FGE @cg] 1.46E+(k5

Mass @cg] 656E+07

Emichtncnt YMP-Site Average= 2.23 (%) (fl

Uranium + FGEKg] (b) 1.53E+05 9.18EW2 9.25E45 3.95E-I-05 1.47E+06
Plutonium + Mass@c@(C) 276E+06 5.38Ei04 4.12E+07 215Ei-07 6.56E+07

others (g) Enrichment 5.54(%) 1.71(%) 2.25(%) 1.84(%)
(U233,U234,
U235,U236,
U238,Pu238,
PU239,PU240, FGEKg] 1.54E-I-05 L32E+06
Pu241,Rt24~ MassKg] 2.81E+06 6.28E+07

Am241,Am242m, Enrichment 5.48(%) (d) 2.10 (%) (e)
Am243, Cm244

& Np237)

FGE&gl 1.47?s+06
Mass~ 6.56W
Enridlmcnt YMP-Site Average= 2.24 (%) (f)

(e) W-site averagecnridu-ncntforcotmncrcialSNF.

(0 Comparison of this avcmge }zJue to that for commacial SNFS shows that the impact of additional fssilc
mataial fim Dt3Eowne.d invcntoty isrckAvcly small. Ifn~. deplclcd maniumcanbc added to

DOE-own inventcny to reduce mrichrnent to eommemial values (210%) aod not impact YMP-Site values.

Q1 This special case used all FGE inventories (k. including Am241, Am242m ..) and identifies that the non-
(uranium and plutonium) fissile nudidcs do not signifkaotly irnpaa the YMP-Scale cnrichromL

(M FMle mass inventoty valuKwar not taken tim Table C. I-9 (k, U-235 FGE values ordy) since this case
corresponds only to plutonium nuclidcs. Thus Pu-9Z!9iissile mass values wcm calculated for this cmc using
Table (2.1-8 Pu-239 FGE mnsmuts. Cases that cwnbiic effccxs of urauium and plutonium me p-ted in
U-235 FOES only since uranium fide nudidcs arc dominanL
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Table C.1-lL YMP-Scale Source Term Fission Load
(Calendar Year = 2035, Time= Oyr) (a)

Nuclide YMP Ra&onuclide Fission Load (b)

ID

DOE-Owned (c) Commercial Total

SNF I DHLW Pm BWR
[fission][%] [fission][%] [lission][%] [fission][%] [fission]

Ac227 NC (-) NC (-) NC (-) NC (-) NC

Am241 NC (-) NC (-) NC (-) NC (-) NC

Am242m NC (-) NC (-) NC (-) NC (-) NC

Am243 NC (-) NC (-) NC (-) NC (-) NC

Ag108m f - (-) (-) (-) . - (-) -
C14 NC (-) (-) NC (-) NC (-) -
U36 NC (-) (-) NC (-) NC (-) -

CJn243 t - (-) (-) (-) (-) -

cm244 NC (-) NC (-) NC (-) NC (-) NC

cm245 NC (-) NC (-) NC (-) NC (-) NC

cm246 NC (-) NC (-) NC (-) NC (-) NC

Cs135 1.21E+28 (5.74)3-01) 320E+28 (lSZEWO) 1.42E+30 (6.72E+OI) 6.46E+29 (3.07E41) 2.1 IE+30

C5137 280E+28 (7.llEOI) 5.07E+28 (129E+OO) 273E+30 (6.92E+OI) 1.13E+30 (2.88E+OI) 3.94E+30

1129 5.78E+28 (7.02E-01) 3.15E+25 (3.83E-04) 5.75E+30 (6.98EAU) 243E+30 (295E+OI) 823E+30

M093 ~ (-) (-) (-) (-) -
Nb93m $ 1.19E+19 (537E-01) 537E+19 (2.43E40) 1.43E+21 (6.50E+OI) 7.08E+20 (321 E+OI) 221E+21

Nb94 5A4E+24 (1.871XE) 736EI-22 (2.53344) 280E+28 (9.63EW1) 1.08E+27 (3.71E+OO) 291E+28

Nis9 NC (-) NC (-) NC (-) NC (-) NC

Ni63 NC (-) (-) NC (-) NC (-) -
Np237 NC (-) NC (-) NC (-) NC (-) NC

Pa231 NC (-) NC (-) NC (-) NC (-) NC

Pb210 NC (-) NC (-) NC (-) NC (-) NC

Pd107 214E+29 (333E-01) 0.00E+OO (0.03E+00) 4.48E+31 (6.96EiOl) 1.93E+31 (3.OIE+Ol) 6.43E+31

P0238 NC (-) NC (-) NC (-) NC (-) NC

PU239 NC (-) NC (-) NC (-) NC (-) NC

PU240 NC (-) NC (-) NC (-) NC (-) NC

PU241 NC (-) NC (-) NC (-) NC (-) NC

P0242 NC (-) NC (-) NC (-) NC (-) NC

NC (-) NC (-) NC (-) NC (-) NC
-$ NC (-) (-) NC (-) NC (-) -
Sc79 5.89E+28 (7.77E41) 1.07E+29 (1.42EiOO) 525E+30 (691 E+OI) I18E+30 (2.87E+OI) 739E+30

Sm151 1.84E+28 (193E+OO) 0.00E+OO (0.00E40) 6.58E+29 (6.88E*I) 281E+29 (2.93E+OI) 937E+29

Sn121m t (-) (-) (-) (-) -
sn126 8.99E+28 (5.46S01) “ 0.00E+OO (0.00E+OO) 1.16E+31 (7.0224-01) 4.83E+30 (293EiOl) 1.65E+31

S@ 245E+28 (8.80E-01) 3.6,=+28 (130E@) 1.94E+30 (6.95E+OI) 7.91E+29 (2.84EM1) Z79E+30

Tc99 4.35E+28 (7.62E-01) 9.12E+28 (1.60EAXI) 3.91E+30 (6.86Ei-01) 1.66E+30 (291 E+01) 5.71E+30

TI1229 NC (-) NC (-) NC (-) NC (-) NC

171230 NC (-) NC (-) NC (-) NC (-) NC
~~ NC (-) NC (-) NC (-) NC (-) Nc
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Table C.1-11. YMP-Scale Source Term Fission Load (Continued)
(Calendar Year = 2035, Time= Oyr) (a)

II

Nuclide II YMP RadionucIide Fission Load (b)

ID

II DOE-Owned (c) I Commercial

SNF DHLW Pm I BWR
[fission] [%] [Iission] [%] [fission] [%] [fission] [%]

I
U232 t

U233

U234

U235

U236

U238

zt93

PdI07

(-)
NC (-)
NC (-)
NC (-)
NC (-)
NC (–)

63SE+28 (9.47E-01)

2.14E+29 (3.33E-01)

(-)
NC (-)
NC (-)
NC (-)
NC (-)
NC (-)

1.34E+29 (1.99EA)O)

0.00EKO (0.00Ei03)

(-)
NC (-)
NC (-)
NC (-)
NC (-)
NC (-)

437E+30 (6s2J901)

4.48E+31 (6.96EA)I)

(-)
NC (-)
NC (-)
NC (-)
NC (-)
NC (-)

2.14E+30 (3.19E+Ol)

1.93E+31 (3.OIE+O1)

t Data values forradionuclidcs wcm ptwiously reportedin 1993 TSPA (Ref. TSPA 1993).

* DatavaluKfor mdionuclidcs were not previously reported in 1993 TSPA (Ref. TSPA 1993).
NC- Data not cabdatd since radionucli& d= not fission.

(a) Spent nuckir fncl (SW and high-level waste (HLW) inwmtory data taken from LNEELJPA 1997 Parameters Database
(values mprescnt intcrmdatc &tabase VdUCS,Upgldd WdUCScanbe found in APPCOdiXA of RCf. 1= 1997)- @
total 41 mdiormciides arc inventoried in the INEEJJPA-DB). TSICmtal numbu of fissions arc dculated using the
CXprCSSiOm-FISSIONS . (MOLES x Na / FYP), where the mole values arc taken thm Table C.1-7, Na is Avogadro’s
mnstanLand FYP are the tlssion yield products taken fmm the Chart of tbc Nuclidc.s (Ref. GE 1989). These calctda-
tion.s most intqretabIe by nuclear cngincers indicate an csdmatc of the number of nuclear fissions in the spent nuclear
fuel to be placed in the YMP site. As can lx not~ the cstimad numkr of total fissions prcxiuced with information
fmm the various radionudldcs vary significady. his tesuits since 1) the tilon yield products used arc intended for
isobam. thus using them for individual nuclidcs would result in undcmsdmao‘ens of total fissions, 2) if the ra&onuclide
bciig invcsti@cd has a short half-lif~ then substantialradioactive decay is incotpatcd into the mole inventory values

(from Table C. I-7), and 3) ifthc radionuclide is not near the nuclear statility diagonal, then the effects of items 1 and 2
may both be significant Thus the largest estimated “tolal @ion” value would b the most approptiatc (i.e.. tie value of
- 6.E+31 as identified from Pd107). ALSOnoticeable from this table is that on tbc order of 1 pcrccnt of the total inven-
tory of fissions is due to DOE-owned wast~ this is consistent with Table CI-3.

m FAon invcntoty values calculated using radionuilde iuventory values fium Table C.1-7 and fission yield products from
the Chart of the Nuclidcs (SC?Table C.I-8, Ref. GGI).

Total

[fission]

NC

NC

NC

NC

NC

6.71E+30

6.43E+31

(c) Notq the totalDOE-owned fission load (due to radionuclidcs) is on the order of only one parent (i.e.. on the order of
99 pmcc.nt of the fissio~ arc conrnbutd due to Contmerta“al SNFS.
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APPENDIX D

Identification

D.1 Introduction

of Release of Radionuclides to Biosphere

Environmental regulations for the proposed Yucca Mountain repository will be identified
in 40 CFR 197, which is expected to be promulgated in the nea future. This compliance
standard is expected to be based on health effects in human beings due to exposure from
radionuclides released to the biosphere at the accessible environment. The 1997 lNEEL
PA primarily used criteria in 40 CFR 191 Subpart B, specifically the 5 km exclusion
zone and the individual protection requirements. The 5 km boundary is expected to
change (ftig activities are currently done in the Armagosa Valley at approximately
20-25 km from the repository site), as are the regulations for individual protection
requirements (for times beyond 10,000 years and limiting dose). In previous PAs, the
most significant pefiormance metric was cumulative radioactive releases (in EPA units,
see Appendix B). However, more recent guidance from the National Academy of Science
(NAS/NRC, 1995) indicates that criteria similar to the Individual Protection Requirement
of 40 CFR 191 Subpart B, referred to above, should now take precedence. Regardless of
the criteria used, releases to the biosphere remain a significant measure of pefiormance
assessment.

D.2 Dose Results From Previous Performance Assessments

The measure of health tiects used in the previous PAs has been the annual effective dose
equivalent (AEDE, referred to as “the dose”) received by maximally exposed individuals
for the exposure pathways that have been historically considered. The dose received by a
maximally exposed individual has been found to be due to exposure pathways for
radionuclides transported to the accessible environment via groundwater. Specifically,
ftig activities (including drinking water and inigation), using a water-well drilled
into a contaminated aquifer, have been shown to be the exposure scenario which yields
the largest doses to human beings. The radionuclides which contribute signi.f3cantly to
the dose depend on various factors; among those being travel time and distance to the
accessible environment infiltration rates, package failure rates, solubilities and
retardation (nuclide sorption).

The 1994 and 1997 INEEL PA (Rechar~ 1995b; 1997) have shown that ‘Tc and 12~are
the dominate contributors to dose for approximately the first 10,000 to 50,000 years; and
that from 50,000 to sometime beyond 100,000, ‘7Np, becomes the dominate contributor.
Figure D.2-1 shows the 1994 INEEL PA results for water-borne dose from horizontal and
vertical emplacement for zero to 100,000 years at 1,000 meters downstream from the
repository (f- family pathway). Figure D.2-2 shows the 1997 results at the 5 km
boundary for zero to 100,000 years including the total mean dose and the contributions
from 99Tc,1291,and ‘7Np. An important caveat in the 1997 INEEL PA is that only three
radionuclides were transported in the unsaturated and saturated zones (WTC,12~ and
‘7Np) to the accessible environment. This was motivated by the earlier 1994 INEEL PA
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results which indicated those nuclides to be the most significant contributors to dose and
due to the fact that there was limited computational resources to transport more nuclides.
It should be noted that the 1994 INEL PA considered DOE-owned SNF and HLW
inventories only, the 1997 INEEL PA also considered cormnercial SNF inventories which
are comprised of PWR and BWR SNF.

The previous PA analyses have not considered dose for times beyond 100,000 years.
However, it is expected that ‘7Np contribution may continue to increase beyond 100,000
years. The 1994 PA results also indicate that the doses due to ‘*P% ‘3U, and “U and
daughter products such as’% or 21kb, (though modest in comparison to doses due to
‘Tc 1291and ‘7Np, previous to 100,000 years) may be an important group of nuclides
for ~ote~tial health effects beyond 100,000 years. Plots of the activity time histories
(from the 1997 INEEL PA) for ‘3U, ‘*P% and 22% are included in Figures D.2-3, D.2-
4, and D.2-5.

The total activity (curies) inventory can be seen in TdAe C.1-3 (1997 INEEL PA
Parameter Database). Table D.2-1 summarizes the biosphere exposure models and which
major categories of SNFS are modeled in the available historical pefiormance
assessments for the Yucca Mountain repository.

‘Tc, 1291,md ‘7Np,In Table D.2-2, the total activity and mean dose contributions due to
(as calculated in the 1997 INEEL PA) for the fkrm ftily, are divided into the
commercial and DOE components. The results shown assume that there is no
preferential release for these Isvo components. The corresponding time histories, from
zero to 100,000 years, for the total mean dose due to all SNF categories (commingled)
are in Figure D.2-2. The contributions due to the commercial and DOE SNFS are shown
in Figure D.2-6. The dose is expressed as the annually effective dose equivalent
(AEDE). Also shown are the dose contributions due to ‘Tc, 1291,and ‘7NP. The me~
dose activity per package is listed in Table D.2-3 with “per package” calculations using a
DOE package count of 3,131 and a commercial package count of 7,679. Figure D.2-7
presents the contributions of commercial and DOE SNFS on a per package basis and
Table D.24 mmmarims key results shown in the figure.
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Figure D.2-1. 1994 INEEL PA results for water-born dose from horizontal and vertical
emplacement for zero to 100,000 years at 1,000 meters downstream (farm
fdy pathway).
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Figure D.2-2. 1997 INEEL PA results at the 5 km boundary for zero to 100,000 years
including the total mean dose and contributions from ‘Tc, 1291,and
Z7NP

D-4



86

70

6C

St

“o
r

I I I I I I I I i

~“,
1 I 1 1 I 1 I 1

0.0 o.~ 02 Q~ 0-4 05 0-6 0-7 0.8
0.s 1.0

Tim (years) ( -106) ,.

.,,------- . .. .. .,,. ., .,.,,,> . ..--.,, ,,<...,,r. . . . . . . . . . . . . . , —--:,,:’-.=. ? .-.. .Lv......=.->..,= -. ..—..- ,..-. -773=-,-- -— ..-.-.

;ENMESH C-6.06Z00!XW95
INEUNV X-1.OU: @#.97
VPRD

C.U233

1:1000000.RDMKUR.IN= PA97A4PRDW RD TOTA!_cD&7 BLOTCDB PA% 1.370501S8 10=

Figure D.2-3. 1997 INEEL PA results at the 5 km boundary for zero to 100,000 years
including the total mean dose and contributions from ‘3U.
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Figure D.2-4. 1997 INEEL PA results at the 5 km boundary for zero to 100,000 years
including the total mean dose and contributions from Z lPa.
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Figure D.2-5. 1997 INEEL PA results at the 5 km boundary for zero to 100,000 years
including the total mean dose and contributions from’%
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Figure D.2-6. 1997 INEEL PA results for annual effective dose e uivalent (AEDE,
%mean total value and contributions from ‘Tc, 1291,and 7Np) at the 5 km

boundary for subsistence farm ftily.
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Figure D.2-7. 1997 INEEL PA results, on a per package basis, for annual effective dose
equivalent (AEDE, mean total value and contributions from 99Tc, 1291,
and ‘7Np) at the 5 km boundary for subsistence farm family.
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Table D.2-1. Fuels Key Reference Chart for Yucca Mountain RepositoW Biosphere

Dose Calculations

DOE Commercial Exposure Scenarios

1991 TSPA x x Farmer, drinking water, driller
(exploratory),

Gardener, carbon dioxide release
1993 TSPA * x x Drinking water

1994 INEEL PA ** x Subsistence farmer,
driller

1995 TSPA x x Drinking Water

1997 INEELPA x x Subsistence f-er, rancher,
Drinking water

1998 INEEL PA x x Subsistence fiwrn,ranch,
Average resident

1997 TSPA x x Farmer

x x Subsistence freer, residential farmer,
1998 TSPA-VA average resident (Armagosa Valley)

AI-J.- &.!1L:..--k--- —-4-1 --!-, .1-4:--

Ranchec Uses water for cattle, whose meat is later consumed by rancher.
Drillec Externally exposed to drilling tailings and may have additional close-range exposure to

drilling sample.

D-10
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* 94 INEELPA also did biosphere models for generic salt and granite repositones.
Farm family: Uses water for drinking and irrigating crops, includes inhalation of suspended particles.



Table D.2-2 YMP-Scale Contribution to Dose (Based on 50-yr Normalized Dose).

Nuclide SorceTermRadionuclideInventory AnnualEffective
4

ID Dose Equivalent
DOE Comm Total DOE Comm Total

(year) [Ci] [Ci] [Ci] [mrendyr] [mrendyr] [mrem/yr]
(%) (%) (’!!) (%)

Tc99 2.21E+04 9.18E+05 9.40E+05 5.24E-03 2.18E-01 2.23E-01

(lo,oooyr) (2.35) (97.65) (2.35) (97.65)

1129 1.64E+01 2.32E+03 2.34E+03 6.85E-04 9.69E-02 9.77E-02

(10,000yr) (0.70) (99.30) (0.70) (99.30)

Np237 9.61E+02 9.51E+04 9.61E+04 2.55E-04 2.51E-02 2.54E-02

(10,000yr) (1.00) (99.00) :. (1.00) (99.00)

Total (b) 4.89E+05 3.32E+07 3.37E+07
1 6.18E-03 .3.40E-01 3.46E-01

(1.45) “ (98.55) ‘(1.70) (98.30)

Tc99 1.94E+04 8.06E+05 8.25E+05 6.18 2.86E+02 2.90E+02

(50,000y) (2.35) (97.65) (2.35) (97.65)

1129 1.63E+01 2.31E+03 2.33E+03 1.05 1.49E+02 1.50E+02
A

(50,000yr) (0.70) ~ (99.30) ~ (0.70) . . (99.30)

Np237 9.49E+02 9.40E+04 9.49E+04 ‘ 2.11 2.08E+02 2.1OE+O2

(50,000yr) (1.00) (99.00) (1.00) (99.00)

Total 1.16E+05 7.88E+06 8.00E+06 9.34 6.40E+02 6.50E+02

(1.50) “ (98.50)
I

(1.50) (98.50)

Tc99 1.65E+04 : 6.85E+05 7.01E+05 .2.20E-01.“ ..--8.98 9.2

(100,000y) (2.35) ~ (97.65) i “(2.35) (97.65)

1129 1.63E+01 2.31E+03 233E+03 1.09E-01 1.54E+01 1.55E+01

(100,000y) (0.70) (9930) (0.70) (99.30)

Np237 9.34E+02 9.25E+04 934E+04
i

2.56E+01 2.52E+03 2.55E+03

(100,000yr) (1.00) . (99.00) . (1.00) (99.00)

Total 4.74E+04 3.22E+06 3.27E+06 2.57E+01 2.54E+03 2.57E+03

(1.00) (99.00) (1.00) (99.00)

(a) AEDE vahes at 5.0 Ian boundary, maximally exposed individual (data from preliminary analysis, Ret Rechard 1998).
(b) Total for curies is total of all mdionuclides in invento~. .
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Table D.2-3. Dose Due to Contents of Single Packageof DOE and Commercial SNFS

DOE * Commercial ** Time
Nuclide Package Package DOE / Commerical Post-C1osure

ID

Tc99 1.67E-06 6.94E-05 2.40E-02

1129 2.19E-07 3.09E-05 7.07E-03 10,000

Np237 8.13E-08 8.02E-06 1.OIE-02 Years

Total 1.97E-06 1.08E-04 1.82E-02 “

Tc99 2.17E-03 9.04E-02 2.41E02

1129 3.36E-04 4.75E-02 7.07E-03 50,000

Np237 6.73E-04 6.64E-02 1.OIE-02 , . Years

Total 3.18E-03 2.04E-01 1.56E-02

Tc99 1.16E-04 4.82E-03 2.41E-02

1129 2.06E-05 ““ 2.91E-03 7.07E-03 . . .. .100,000 “
:- -.,

Np237 8.16E-03 8.05B01 1.OIE-03 Years

Total 8.30E-03 8.12E-01 1.02E-02

I I I IIOE number based on HLW inventoly used for 1997 INEEL PA calculations. . ,.

** MO of mean dose DOE packagemd rnemdoseComeEial pac~e. ” -“ . “ “
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Table D.2-4 Key Results From Figure D.2-7 (data from Rechard 1998).

Curve Fuel Type Key Results
(per package basis)

(ID)

8, 6 Commercialfiels Annualdosesdueto *2?,‘Tc, (at5.0 km
boundary)dominatethetotaldosesforthe

7, 5 DOEfhel first 50->70thousandyears, peaking at
approximately40,000years.

4 Commercialfiel Annual dose to ‘7Np releasescontinue to
increaseat 100,000years with max value

3 DOEfhel of about 1.0mrem for commercialfuels
and 10-2mrem for DOBowned fiels.

2 Commercialfuel Total AEDEpeaks tempomril at 40,000
Tyears due mainly to ‘Tc, and ~, but

1 DOE fuel increasesagain after 50,000years due to
‘7Np. Maximumvalues of approximately
1.0mrem (commercial)and 102rnrem are
reached at 100,000years (limit of
calculations).



APPENDIX E

Criticality Potential (CX) Model

E.1 Operation of RKeff Code

The RCS code system uses extensive automation to make parametric studies possible.

Initially, a module called RKeff is used to generate input files for Monte Carlo Neutral

Particle Transport code (MCNP) (lkiesmeister, 1986; 1988). RKeff reads an input file

created by the user called MCNP_MAS.llW, and generates the MCNP files

automatically. A sample MN_MAS.INP file for spherical geometry is shown below
(the row numbers are just for reference):

mow]
[1] 1
[2] 13.9

t [3] 14
[4] 11
[5] sensitivity1351
[6] 13
[q 2
[8j 1
[9] sensitivi~ 1261
[10] 2
[11] 1

Host Rock Material (Topopah Springs Tu@
Porosity of Host Rock Material (13.9Yo)
Fuel Type (INEEL HEU 4% U235)
F~sile Material Type (Pure Uranium)
Volume Y. of Fissile Material in Host Rock
Water Saturation (65VO)
Water Composition (Pure Water)
Geometry (Sphere)
Radius
Reflector Type (Topopah Springs Tuff)
Type of Input File Desired (MCI@)

The word “sensitivity” is a flag for RKeff to run through all of the parameters from the
beginning index number to ending index number by increments of the tb.irdnumber. This
allows very large parametric studies to be set up quickly without having to rewrite every
file by hand. The above file would write a series of MCNP files that varied the amount of
fissile material in the host rock from 0.01% to 100% (or as much as allowed by the void
space.) The radius sensitivity would write files for radii from 0.5 cm to 10,000 cm.
Because two parameters are being varie~ the combination would allow a possibility of
910 files. To help reduce this number, RKeff also calculates ~ and any file with a ~
of less than 0.5 is discarded It is still possible to examine millions of possible
combinations (if enough time is available) easily. Ahnost all of the parameters can be
varied with the sensitivity f~ture.

When MCNP_MAS.INP is read by RKeff, it calculates the concentratio~ atom fractions,
and geometries for input into MCNP and writes it to a fidIy documented input file (shown
in Appendix G). Each file is saved under a unique name that varies with the input
parameters. A sample name is poakajpa.MIN (which is one of the files that was written
by RKeff from the above input file and can be seen in Appendix G). Each letter of the
filename corresponds to part of the input parameter as shown by the legend below

,’

E-1

-.-t- v.-----a .. .,..,.,:-.-, !........ ....”..----- . d,.. ~==>r .VZ-.7..m<m.:.mmr.-,—-—.m.— --———— -- -



First Character-Host Rock
b= Rock Salt
c= Pure Salt
d= Culebra
e= Clay
f= Simulated Fuel Mixture
g= Pure SiOz
h= Pure Water
1= Graphite
p= Paintbrush Tuff 13.9%
O= Concrete
r= Rust
s= Sandstone
t= Topopah Tuff 8.5%

Second Character-Fuel Type
a= 1993 HEU
b= 1994 ATR
c= 1994 ShippingPort
d= 1994 Graphite
e= 93.2 w% U235, 6.8% U238
f- Pure U235
g= Pure Pu239
h= 1993 INEEL LEU
I= 1993 INEEL Graphite
j= WG Plutonium (94w% Pu239 and 6w% Pu240)
k= Natural Uranium (99.2745% U238 and 0.72% U235)
1= u238 with 1% U235
m= u238 with 2% u235
n= U238 with 3% u235
o= U238 with 4% U235
p= u238 with 5% U235
x= 75w% U235 and 25w% PU239
y= OKLO Composition (3.68w% u235 and 96.32w% Pu239)
z= WIPP Composition (87.7 w% U238, 4.75w% U235, and 7.55w% Pu239)

Third Character-Precipitate
a= Pure Uranium
b= Boltwoodite
c= Scheopi.te
d= Soddyite
f= Coffinite
h= Haiweeite
i= Pu (pure) + U02
j= Pu (pure) + Soddyite
k= Pu (pure) + Scheopite
1= PU02 i- U02
m= PU02 (pure) + Soddyite
n= PU02 (pure) + Scheopite
o= Pure Plutonium
p= PU02
q= Weeksite
r= Ruthorfordine
t= Scheopite Dehydrate
u= Uraninite
w= Uranophane
x= U02 and other oxides in a fuel mixture
y= U02 and other elements in a fuel mixture
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Fourth Character-Fissi.le Volume %
1= 0.01
2= 0.02
3= 0.03
4= 0.04
5= 0.05
6= 0.06
7= 0.07
8= 0.08
9= 0.09
a= 0.10
b= 0.20
c= 0.30
d= 0.40
e= 0.50
f= 0.60
g= 0.70
h= 0.80
i= 0.90
j= 1.00
k= 1.50
1= 2.00
m= 3.00
n= 4.00
o= 5.00
p= 6.00
q= 7.00
r= 8.00
s= 9.00
t= 10.00
u= 20.00
v= 30.00
w= 40.00
x= 50.00
y= 75.00
z= 100.00
#= otherl

Fifth Character-Water Saturation
n= O%
x= 1%
1= 10%
2= 20%
3= 30%
4= 40%
5= 50%
6= 60%
a= 65%
7= 70%
8= 80%
9= 90%
o= 100%
#= other

‘The ’’othef’character allows forspecizdiition, even intheautomated mode.
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Sixth Character- Moderator Type
a= l’?IPP ERDA (Casti.le Brine)
g= WIPP G Seep Brine (Salado Brine)
h= Yucca Mountain UZ/High water
j= J-13 Well Water - Yucca Mountain
1= Yucca Mountain UZ/Low water
m= Yucca Mountain UZ/Mi.d water
n= None
p= Pure Water
s= WIPP Brine AIS (Culebra Brine)
u= Yucca Mountain UE-25pl

Seventh Character- Radius (cm)
a= 0.5 cm
b= 5 cm
c= 10 cm
d= 15 cm
e= 20 cm
f= 30 cm
g= 40 cm
h= 50 cm
i= 60
j= 70 ~

k= 80 cm
1= 90 cm
m= 100 cm
n= 125 cm
o= 150 cm
p= 200 cm
q= 250 cm
r= 300 cm
s= 350 cm
t= 400 cm
u= 450 cm
v= 500 cm
w= 1000 cm
x= 2000 cm
y= 5000 cm
z= 10000 cm
%= other

Eighth Character-Reflector
n= None
a= Topopah Tuff (8.5%)
f= Topopah Tuff (13.9%)
h= Pure Water
b= WIPP salt
c= Pure Salt
d= Culebra
e= Bentonite
g= Si02
s= Sandstone
i= Graphite
q= Concrete (for half sphere)
m= None
o= Topopah Tuff (8.5%)
1= Topopah Tuff (13.9%)
k= Pure Water
w= WIPP salt
p= Pure Salt
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r= Culebra
t= Bentonite
u= SiOz
v= Sandstone
“= Graphite3
x= Concrete

A batch file is created at the same time as the input files to simplifi running the study.
After M(2NP runs each file, the output is renamed to the input plus “.MOU”. For
example, output corresponding to poakajpa.MIN would be saved as poakajpa.MOU. This
way, the input can be discarded and just the output kept. Also, with very little work, the
input file can be recreated from the output file.

RKeff has a feature that allows it to strip out all pertinent Mormation from the entire
series of files. It will retrieve such things as ~, concentratio~ mass of fissile material,
moderator to fissile atom ratio (MFR), and so on. All of these variables are placed in one
table oalled MCNP_MAS.RES. This table can be sorted by another module of the RCS
system and arranged for ease of plotting. If the parameters are plotted with ~ as a
fimction of concentration and radius or mass, this 3-D graph is lmown as a “criticality
surface”. The parameter study set up in MCNP_MAS.INP above would yield the surface
shown Figures E.I-l.

:.
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Scenario: Far Field
Host: Top. Spr. Tuff Geometry: Sphere
Fuel: 20w% U235 Precipitate: U02
Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.I-l Example criticality surface.

/dler MCNl_MAS.RES is created, RKeff uses a cubic interpolator spli.ne fit to
calculate~values. Abucklingsearchisthenusedtoiden~themassandradiusvalues
usedtoachievecriticality ~=l.0). Thesebuckling searchvalues canthenyield an”S-
curve” (see Figure E.l-2). Multiple S-curves, for various enrichments in this case, can
then be used to generate a “criticality saddle” (see Figure E.1-3). If the concentratio~
mass, or radius is less than the lowest point on this grap~ the system will not be able to
go critical. Further RKefBMCNP output is listed in the remainder of this appendix,
Section E.2 show an example benchmark of ILKefUMCNP and Section E.3 presents
criticality results for CX models (see Tables 3.3-1 and 3.4-l).
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Scenario: Far Field
Host: Top. Spr. Tuff Geometry: Sphere
Fuel: 20w% u235 Precipitate: U02
Porosity: 13.9% saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

w I I I I 11111 I

2“’”!

10-’1’ 1 I I I I 1111 I I I I I Ill

10 lm 1000

FiileConctn!mdm(k@?)

Figure E.1-2 Example criticalityS-curve (fiir-fieldcase).

Scenario: Far Field
Host: Top. Spr. Tuff Geom~3~ry: Sphere

Fuels: 10w%, 15w%, s 20w% U
Precipitate: U02

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.1-3 Example criticality saddle for three ~erent fiel enrichments(far-field
case).

E-7

:A-cr .—---—
. . . . ...} ,,



E.2 Example Problem (Generation of ‘?% S-Curve)

As a quality check on the computationalprocess used to generate criticality S-curves, a
special set of criticality calculations were performed for a system comprised of ‘~u and
pure water. This test case was chosen since data already exists in the open literature.
Figure E.2-1 presents the results obtained with the RKefVMCNPm system compmed
with existing published data. From this figure it can be noted that the computational
analysis ~calculations and the use of cubic interpolating splines to determine criticali~
buckling) was ptiormed adequately. Inaccuracies are due to the limited number of
“histories” used in the MCNP eigenvalue calculations. To expedite the computational
work and allow a large set of static criticality models to be investigate~ the Monte Carlo
calculations were performed for 100,000 histories. From Figure E.2-2 it can be seen that
diminishing returns are obtained for calculations with greater than 100,000 histories due
to the relationship of the standard deviation with histories (e.g., o follows a Poisson
distribution where o is inversely proportional to the square root of the number of
histories).

1111 1 I 1111111 I I Illllq I I 1111 I I
?

10 -+
:
;
:
t
,
t
,
;
\
:

&
\
\
,

‘4!&@’-
111 I I I 111111I I 111111 I

Figure E.2-1

10 100 1000 10000

Plutonium Concentration (kglm’) Oaognla

Criticality S-curve computed using RKeff and MCNP (computed values
for critical fissile mass and concentrations compared to values from
Claytori 1980).
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Owls

Histones (Generations ● Initial Number of Neutrons)

Figure E.2-2 Standarddeviation as a fimction of number of histories for typical far-
field criticaMy calculations (computations performed with MCNP are
pefiormed at 100,000 histories).
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E.3 Graphical Results of CX Model Calculations

CX-01 (see Tables 3.3-1 and 3.4-1 for list of CX models)

Scenario: Near Field
Host:Rust Gmmtxy: Hemisphere
~el: 5wi ‘% Precipitate:U02
Porosity:208 Saturation:20%
Moderator: J-13 Nell Water
Reflector: Topwah SprlngaTnff

Figure E.3-1 CriticaIi~surfaceforCX-01model

mot enough points for S-curve]

CX-02

Scenario: Near Field
Host: Rust Geometry: Hemisphere
Fuel: lout “U Precipitate: U02

Porosity: 20t Saturation: 20*
Modezator: J-13 Well Water
Reflector: Topopah Springs Tuff

lCO

Figure E.3-2 Criticali~ S-curve for CX-02model
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CX-03

scenario: Near Field
Host: Rust Geometry: Hemisphere
Fuel: 15w% “% Precipitate: U02

Porosity: 20% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

P\’”l
I I I I I i I 1

I

t\ 1

Figure E.3-3 Criticality S-curve for CX-03 model

CX-04

Scenario: Near Field
Host : Rust Geometry: Hemisphere
Fuel: 20w% ‘“U Precipitate: UOZ

Porosity: 20% Saturation: 20%
Mcxierator:J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-4 CriticaliV S-curve for CX-04 model
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CX-05

Scenario: Near Field
Host : Rust Geometry: Hemisphere

Fuel: 25w% “h Precipitate: U02

Porosity: 20% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

<m low

Figure E.3-5 CriticalityS-curvefor CX-05model

Scenario: Near Field
Host: Rust Geometry: Hemisphere
Fuel: SW* ‘“U Precipitate: U02

Porosity: 20% Saturation: 4O*
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-6 Criticalitysurfacefor CX-05model

mot enough points for S-curve]
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CX-07

Scenazio: Near Field
Host: Rust Geometry: Hemisphere

Fuel: 10w% 2’s0 Precipitate: U02

Porosity: 20% Saturation: 40%
Modezatoz: J-13 Well Water
Reflector: Topopah Springs Tuf f

Figure E.3-7 CriticaMy S-curve for CX-07 model

Scenario: Near
Host: Rust
~el: 15w% ‘b

Field
Geometry: Hcunisphere

Precipitate: UO,

Porosity: 20% Saturation: 40~
Moderator: J-13 Well Water
Reflector: Topopeh Springs Tuff

Figure E.3-8 Criticalii S-curvefor CX-08model
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CX-09

Scenario: Near Field
Host : Rust Geometry: Hemisphere
Fuel: 2Ow% 23+3 Precipitate: UOZ

Porosity: 20% Saturation: 40%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I I I I 1 I I I I I

‘N’-/
-1

L I I I I I I I I I 1 I I

lm Woo

Figure E.3-9

F*Ic C0noa22Lion(kSlmt

Criticality S-curve for CX-09 model

Scenario: Near Field
Iiost: Rust Geo2uetry: Hemisphere
Fuel: 25w% “% Precipitate: U02

Porosity: 20% Saturation: 40%
Moderator: +13 Well J?atez
RefIector: T.opopah Springs Tu.ff

1- -1

:,, x,,,l:
m 1000

Figure E.3-10 CriticalityS-curveforCX-10model
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Cx-11

Scenario:Near Field
Host: Rust Geometry:Hemisphere
Fuel: 5wt ‘“u Preclpltate:UOZ
Porosity:2ot Saturation:60\
Moderator:J-13 Well Water
Reflector:TopopahSpringsTuff

(X-12

Figure E.3-11 CriticaMystiace forCX-I1model

mot enough points for S-curve]

Scenario: Near
Host: Rust
Fuel: 10w% 23SU

Porosity: 20%
Moderator: J-13

Field
Geometry: Hemisphere

Precipitate: U02

Saturation: 60%
Well Water

Reflector: Topopah Springs Tuff

I 1 I I 1

I I 1 1 I

fro

FiaaiieConcsnira!bn(@/m?

FigureE.3-12 CriticalityS-curveforCX-12model
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CX-13

Scenario: Near Field
Host : Rust Geometry: Hemisphere
Fuel: 15w% 2’SU Precipitate: UOZ

Porosity: 20% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I I I I I

\

*CO

mile ~= (WJ)

Figure E.3-13 Criticality S-curve for CX-13 model

CX-14

Scenario: Near Field
Host : Rust Cec.metry: Hemisphere
?Aiel: 2Ow% *35U Precipitate: UOZ

Porosity: 20% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

—

FigureE.3-14 CnticalityS-cuweforCX-14model



CX-15

Scenario: Near Field
Host : Rust Geometry: Hemisphere

Fuel: 25w% ‘J% Precipitate: U02

Porosity: 20% saturation: 60%
Hode.rater: J-13 Well Water
Reflector: Topopah Springs Tuff

t -i

I I I I I I I I I I ,1
10 I I I

100 1000

Figure E.3-15 Criticality S-curve for CX-15model

CX-16

scenario: Neax Field
Host: Rust Geometry: Hemisphere
Fuel: SW% ‘b Precipitate:U02

Porosity: 20t saturation: 80*
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

,.

,,<-,.-. , -r,. -m-m?,--- .,., . . .} -,-,-r- . .-?mr-r-mx ?x%m-<T,r:,-;.,.-x,- -.,Y,-FmTmcxT.~zT--=T.?>T;..-<,--- ? ---’ =7-T --— ---...— — . .

Figure E.3-16 CnticaMy surfacefor CX-16 model

@Notenough points for S-curve]
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CX-17

Scenario: Near Field
~OSt : Rust Geometry: Hemisphere
Fuel: 10w% “% Precipitate: UOZ

Porosity: 20% Saturation: 80%
140derator: J-13 Well Water
Reflector: Topopah Springs Tuff

t I 1 1 I I i
lm

F@a @ncerhton @g/m’)

Criticality S-curve for CX-17 model

CX-18

Scenario: Near Field
Host: Rust Geometry: Hemisphere
Fuel: 15w% “SW Precipitate: U02

Porosity: 20% Saturation: 80%
Moderator: J-13 Well Water
Reflector: Topopah Sp=ings Tuff

Figure E.3-18 Critical@ S-curve for CX-I 8 model
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CX-19

Scenazio: Neat
Host: Rust
~el: 20w% ‘3s0

Porosity: 20%

Field
Geometry: Hemisphere

Precipitate: U02

Saturation: 80%
Moderat&: J-13 Well Water
Reflector: !ropopah Springs Tuff

I I I I
I

I I I I I I i I

( :U ;
C

1
10 I I I I I I I I 1 I I 1 I

~m Iwo

F=Jc ~CSI (%@)

FigureE.3-19 CriticalityS-cumeforCX-19model

Scenazio: Near Field
Host : Rust Geometry: Hemisphere
~el: 25w% “SU Precipitate: U02

Porosity: 20% Saturation: 8O%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

1000

“10 I 1 !11 I I I 1 I I 1 I
100 Im

FisdleCmanuadon(k@’)

Figure E.3-20 Criticality S-curve for CX-20 model
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CX-21

CX-22

mot enough points for S-curve]

Scenario: Near Field
Host : Rust Geometry: Hemisphere
Fuel: 10w% 2’SU Precipitate: U02

Porosity: 20% Saturation: 100%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuf f

I t I I I I 1

1 I I I I I
4W

Fde Gmcrrm26m(l@m~

Figure E-3-22 Criticality S-curve for CX-22 model

CX-23

Scenazio: Near Field
Host : Rust Geometry: Hemisphere
Fuel: 15w% 2’SU Precipitate: U02

Porosity: 20% Saturation: 100%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I 1 I I I I

I

1- 1

F@ure E.3-23 CnticaliV S-curve for CX-23 model
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CX-24

Scenario: Near Field
Host: Rust Geometry: Hemisphere

Fuel: 20w% 23SU Precipitate: 002

Porosity: 20% Saturation: 100%
130derator: J-13 Well Water
Reflector: Topopah Springs Tuff

r I I I I
I

I I I I I I I i-

r 1

FigureE.3-24 Cntic#l~S-curveforCX-24model

Scenario: Near Field
Host : Rust Geometry: Hemisphere
Puel: 25w% ‘SU Precipitate: UOZ

Porosity: 20% Saturation: 100%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I i 1 I I I I I I I I I I
1 I

r 1
10 1 I I ,,1 I 1 1 I I I I 1

Im loco

Figure E.3-25 Critical@ S-curve for CX-25 model
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CX-26

10

Scenario: Near Field
Host: Rust Geometry: Hemisphere
Fuel: HEU Precipitate: U02

Porosity: 20% Saturation: 100i
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

lm mm

Figure E.3-26 Criticality S-curve for CX-26 model

CX-27
No S-curve available]

CX-28

Scenario: Far Field
IIost: TST Geometry: Sphere
Fuel: LEU Precipitate: UOZ

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-28 Criticality surface for CX-28 model
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CX-29

CX-30

CX-31

CX-32

Scenario: Far Field
Host: Top. Spr. Tuff Geometry: Sphere
Fuel: HSU Precipitate:U02

Porosity: 13. 9* Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-29 Criticality S-curve for CX-29 model

Does not reach criticality]

~oes not reach criticality]

scenario:Far Field
Host:Tep. Spz. Tuff Geometry:Sphere
reel: 3wt % Precipitate:U02
Porosity:13.9t Saturation:651
Moderator:J-13 Well Water
Reflector:TopepahSpringsTuff

L

Im I ! 1 I I I ) I ! J
*O X0

Figure E.3-32

F* C “ (W=’I

Criticality S-curve for CX-32 model
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Scenario: Far Field
Host: Top.&pr. Tuff Geometry: Sphere
Fuel: 4w% U Precipitate: UOZ

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-33 Criticality S-curve for CX-33 model

CX-34

Scenario: Far Field
Host: TOP.~~pr. Tuff Geometry: Sphere
Fuel: SW% U Precipitate: U02

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Figure E.3-34 Criticality S-curve for CX-34 model
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Scenario: Far Field
Host: Top. S r. Tuff Geometry: Sphere

Fuel: 10.% ‘U Precipitate: UOZ

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

Iwo I I Ill I I i I I 1 I I i

L -i

10 I 1 I I I I 1 I I I I II I
10 100

Figure E.3-35 Criticality S-cwefor CX-35 model

Scenario: Far Field
Host: Top. S#. Tuff
Fuel: 15w% U

Porosity: 13.9%

Geometry: Sphere
Precipitate: 002

Saturation: 65%
Moderat&: J-13 Well Water
Reflector: Topopah Springs Tuff

i- +

.10 11111 I I I I I Ill I 1 I I Ill

10 ma lom

F@e C@murab-on(kg/m?

Figure E.3-36 Criticality S-cwefor CX-36 model
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CX-37

Scenario: Far Field
Host: Top. f ~r. Tuff Geometry: Sphere

Fuel: 20w%
?U

Precipitate: U02

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuf f

100 —

10 1111 I I I I I Ill I I I I I 111-
10 lm lom

Fide ~~ (k?fd

Figure E.3-37 Criticali& S-curve for CX-37 model

CX-38

Scenario: Far Field
Host: Top. S&. Tuff Geometry: Sphere

Fuel: 25w% U Precipitate: UOZ

Porosity: 13.9% Saturation: 65%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

IO-III 1 1 I I I 1111 I I 1 I I IIL.
10 100 10W

FissileConcmaa!iMIWm3

FigureE.3-38 CriticaMyS-cuweforCX-38model
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CX-40

CX-41

Scenario: Fax Field
Host: Top. Spr. Tuff Geometry: Sphere
Fuel: IiEU Precipitate: U02

Porosity: 13.9% Saturation: 65%
Moderatox: J-13 Well Water
Reflector: Topopah Springs Tuff

lm -—

10 I 1111 1 I I I 1111 I I I I IIIL
10 ICO 10W

Figure E.3-39 Criticslky S-curve for CX-39 model

No S-curve available]

Scenario: Near Field
Host: Conc~3r&te Geometry: Hemisphere
Fuel: 5w% U Precipitate: UOZ

Porosity: 10% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

10 I I I I 1 I 1 I I..
10

FigureE.34

tm

FAle~m @@’)

CriticsMyS-cmwefor CX-41 model
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CX-42

Scenario: Near
Host: Concrete
Fuel: 10w% 23?.I

Porosity: 10%

Field
Geometry: Hemisphere
Precipitate: U02

Saturation: 20%
Hoderatkr: J-13 Well Water
Reflector: Topopah Springs Tuff

!-+ ‘ I I I I I I I I I I I l.+

10 I I 1 I I I I I I I I I I I
10 lm

FigureE.3-42 CriticalityS-curveforCX-42modeI

CX-43

Scenario: Near Field
Host: Concr~3~e Geometry: Hemisphere
Fuel: 15w% U Precipitate:Q02

Porosity: 10% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

10 I I I ,1 I I I I I I I I I
10 Im

Fdeccmonm!h(kglm=)

Figure E.3-43 Criticality S-curve for CX-43 model

E-28



CX-44

Scenario: Near Field
Host: Concrf;e Geometry: Hemisphere
Fuel: 20w% U Precipitate: U02

Porosity: 10% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

loco 1 I Ill I I I I I I i II I

3

t- i

In I I I II I I I I I I Ill I 1.-
10

Figure E.3-44

CX-45

100

FiieCmamaiOn(kghr?)

CriticalityS-cunefor CX44model

Scenario: Near Field
Host: Concx~3;e Geometry: Hemisphere
Puel: 25w% O Precipitate: U02

Porosity: 10% Saturation: 20%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

II

-1

I I 1 I I I II I 1 I I I L
..-

10 1(7J

FticCononuadcaO@nI?

FigureE.3-45 Critical@S-curveforCX-45model
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Scenario: Near Field
Host: Concrete Geometry: Hemisphere

Fuel: SW% ‘“U Precipitate: UOZ

Porosity: 10% Saturation: 40%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I I I
I
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lCO
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Figure E.3-46 Criticality S-curve for CX-46 model

CX-47

Scenario: Near Field
Host: Concr~3~e Geometry: Hemisphere

Fuel: 10w% U Precipitate: UOZ

Porosity: 10% Saturation: 40%
Moderator: J-13 Well Water
Reflector:Topopah Springs Tuff

FigureE.3-47 CriticalityS-curveforCX+7model
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Scenario: Near Field
Host: Concr~$e Gsmoetry: Hemisphere
~el: 15w% U Precipitate:UOZ

Porosity:10% Saturation:40%
Moderator:J-13 Well Water
Reflector:TopopahSprings Tuff

10 1 1 II 1 I I I I I I II
10 lm

FigureE.3-48 Criticality S-curve for CX48 model

CX-49

Scenario: Near Field
Host: Concr~3~e Geometry:Hemisphere
Puel: 20w% O Precipitate:UOZ

Porosity: 10% Saturation:40%
Moderator: J-13 Well Water
Reflector:Topopah Springs ‘luff

1- +

10 I I I II 1 I t I I I I II I
10 Ym

F~eConcaumixa&u?

Figure E.3-49 Criticality S-curve for CX-49 modeI
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CX-50
Scenario: Near Field
Host: Concrete Geometry: Hemisphere
Fuel: 25 w% 235U Precipitate: U02
Porosity: 10% Saturation: 40%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

[111 I I I I I I I II I

—

1
I I I I I I I I I I II I I

10 100

FissileConcentmdon (kg/m3)

FigureE.3-50 CriticslityS-cmeforCX-50model

CX-51

Scenario: Near Field
Host: Concrete Geomtery: Hemisphere

Puel: SW%23SU Precipitate: U02

Porosity: 10% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I I I I I I I I

10 I I I I I I I I I
10 100

FissileCcncmtmdcn(kpJm~

FigureE.3-51 Critical@S-ourveforCX-51model
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CX-52

Scenario: Near Field
Host: Concre&e Geometry: Hemisphere

Fuel: 10w% U Precipitate: U02

Porosity: 10% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

1- -1
10 I I I I I I I I I I I I I

10 lW

Fi.ssii.Concemai.(kghn?

FigureE.3-52 CriticalityS-curveforCX-52model

CX-53

Scenario: Near Field
Host: Concr~3~e Geometry: Ikm.isphere
Fuel: 15w% U Precipitate: U02

Porosity: 10% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs ‘luff

,o~
10 lm

,-

. ..-<.-.?I--- . . . . . . . . . . ..- ,. . . . . ,.,... e,mm”c”c ., . .,,.....”
., mrszz -T.7-- -.-:- .-.-T-- ...m%w.mm;m ,,.~,.-----~,~,..--- -.. -. ..=,-?-..<--. .. ..—..-

FigureE.3-53 Criticali~S-curveforCX-53model
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CX-54

Scenario: Near Field
Host: Concr;3~e Geometry: Hemisphere

Fuel: 20w% U Precipitate: U02

Porosity: 10% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

1+’”1 I I I I i 1 I II I
1

10W _

100 —L..-”4,o~
10 lm

FissiieConcam”cm(k@n~

Figure E.3-54 Criticality S-curve for CX-54 model

Scenario: Near Field
Host: Conc:,:te Geometry: Hemisphere

Fuel:25w% U Precipitate: U02

Porosity: 10% Saturation: 60%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

w I I I I I I 1 [1
‘/’1

I /1
lm

G

~

&
z.-
!z.

10 I I I I I I I I I I II I 1
10 lm

FissileConcumadm(lc~mj

Figure E.3-55 Criticality S-curve for CX-55 model
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CX-56

Scenario:Near Field
Host: Conc;r&te Geometry:Hemisphere
Fuel: 5w% U Precipitate:UOZ

Porosity:10% Saturation:80%
Moderator:J-13 Well Water
Reflector:TopopahSpringsTuff

I I I 1 I I I I I 1 I I I
I

t 1
10 I I I I I I I I 1 I I I I

10 lm

Figure E.3-56 Criticality S-curve for CX-56 model

CX-57

Scenario:Near Field
Host: Concre&~ Geometry:Hemisphere
Fuel: 10 w% U Precipitate:U02

Porosity: 10% Saturation:80%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

I I I
I

I I 1 I I I I I
I

lmo

h

-1
10 I I I I I I 1 I I I I I I

10 lm

FmilcConcumation(k@3)
FigureE3-57 CriticalityS-curveforCX-57mOdel
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CX-58

Scenario: Near Field
Host: Concr~~~e Geometry: Hemisphere

Fuel 15 w% U Precipitate: U02

Porosity: 10% Saturation: 80%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

1

100—

~
e
i
z
o=m
.=L

10 1 I I 1 I I I 1 I I I

10 103

FissileConcentration(kg/m3)

FigureE.3-58 CnticaIityS-cwveforCX-58modeI

CX-59
Scenario: Near Field
Host: COncrete Geometry: Hemisphere
Fuel: 20 w% 23SU Precipitate: UOZ

Porosity: 10% Saturation: 80%
Moderator: J-13 Well Water
Reflector: Topopah Springs Tuff

10000~, I I

1000_—G.x

%
z
0=
z.-= 100F

10 1 I III I I I I I I III I
10 100

Fide Gmcntion (kg/m3)

FigureE.3-59 Criticali~S-curveforCX-59mode1

CX-60
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.

Cx-xl

Scenario:Near Field
Host: Concre~~~ Geometry:Hemisphere
Fuel: 25 w% U Precipitate:U02

Porosity:10% Saturation:80%
Moderator:J-13 Well Water
Reflector:TopopahSprings Tuff

[Ill I I I I I I II I
?1

J II I I I I 1 I I I I II

10 100

FizsileCon~”on(k#m3)

FigureE.3-60 Criticali&S-ctuveforCX-60model

Bezzchmark
Host: Water Geometry: Sphere

Fuel: Pure 23SU Precipitate:U
Porosity:100% Saturation:100%
Moderator:H20 Reflector:H20

100 I I I 111111 I I 111111 I I 111111 I

10h
L\ /(
E 1 Im 1 I I 1111111 I 1 I 111111 1=1
10 100 1000 100W

Concention(kg/m3)

FigureE.3-Xl BenchmarkcriticalityS-curveforumnium, withreflector

CX-X2

,.
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Benchmark
Host: Water Geometry: Sphere

Fuel: Pure2’s0 Precipitate:U
Porosity:100% Saturation:100%
Moderator: H20

Reflector: None

100 I I I illll I I i 111111 I I 1 111111 1-

S
a

2 ‘0 z
z

1 I I 1 11111
10 lW lCOO 100W

G2ncen0-Aon@g/m~

FigureE3-XZ BenchmarkcriticaMyS -cmeformium withoutreflector

CX-X3

Banchmark

Host: Pure ~,;ter Geometry: Sph;,;e

Puel: Pure Pu Precipitate: PU
Saturation: 100%
Moderator:PureWater
Reflector Pure Water

‘“n
1

E\ <1,,,,,,,,,,,,,,,,,]
10

FigureE.3-X3

100 Iouo 100W

FuelCcmcntmtim(kghn3)

Benchmark critic@ S-curve for plutonium
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Table ES-1. KeyResultsShownin FiguresE.3-1 ThroughE.3-60

CX number Host Material Fuel Enrichment Saturation
(weight % “U)

01 rust 5 20
02 rust 10 20
03 15 20
04 20 20
05 mst 25 20
06 rust 5 40
07 rust 10 40
08 15 40
09 20 40
10 25 40
11 rust 5 60
12 ?.lSt 10 60
13 15 60
14 20 60
15 mst 25 60
16 rust 5 80
17 10 80
18 rust 15 80
19 rust 20 80
20 rust 25 80
21 rust 5 100
22 -rust. 10 100
23 15 100
24 20 100
25 25 100
26 HEul 100
27 concrete HEu 100
28 TSTZ LEU~ 65
29 TST HEu 65
30 TST 1 65
31 TST 2 65
32 TST 3 65
33 TST 4 65
34 TST 5 65
35 TST 10 65

‘ Highly enriched uranium (80 w% ‘SU)
2Topopah springs Tuff
3Low enriched uranium (0.8 w% ‘SU)
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36 TST 15 65
37 TST 20 65
38 TST 25 65
39 SAME AS #29
40 TST 100 65
41 Concrete 5 20
42 Concrete 10 20
43 Concrete 15 20
44 Concrete 20 20

\ 1 J

45 Concrete 25 20
46 Concrete 5 40
47 Concrete 10 40, 7

48 Concrete 15 40
49 Concrete 20 40
50 Concrete 25 40
51 Concrete 5 60
52 Concrete 10 60
53 Concrete 15 60
54 Concrete 20 60
55 Concrete 25 60
56 Concrete 5 80
57 Concrete 10 80
58 Concrete 15 80
59 Concrete 20 80
60 Concrete 25 80

benchmarks +

1=
B

xl

x2

x3

Pure Water I Pure ~~W I 100
(water reflector)

Pure Water Pure 2~5U 100
(no reflector)
Pure Water ~ 100

I I (water reflector) I
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APPENDIX F

Uncoupled Nuclear Dynamics (UD~ Model

F.1 Large Reactivity Excursion Compared to Nordheim-Fuchs Approximation

This simple uncoupled nuclear dynamics calculation was designed to test the nuclear
dynamics model (using the NA.KK code) with the Nordheim-Fuchs @F) approximation
for a high reactivity nuclear excursion. The computational results from NARK
demonstrate that the numerical model correctly simulates rapid self-shutdown of a fast
system with significant reactivity temperature feedback effects. Using an adiabatic
model, the NF approximation can be used to predict the peak power response resulting

from a super-prompt critical Wndition (reacti~~ P. > P, where P is tie delayed neutron
fraction). The essence of the Nordheim-Fuchs approximation is that self-limiting power
excursions occur very rapidIy, and thus the delayed neutron production and extraneous
source neutrons may be neglected entirely (Hetric~ 1971: pg. 164). According to the NF
approximatio~ the peak power response maybe written as follows:

~ 1.(32”M”cp

= 2 .laD1
(F.1-1)

(F.1-2)

The NARK benchmarkz~ problems were limited to a thermal and fast reactor assembly

using nuclear data for U as the fissile material. Equilibrium initial conditions were

applied to the point kinetics equations, as well as the initial condition of T(O)= O.

1 aD
The thermal assembly considered the following ratios, — = 10-1,~

P
=1, and

Mcpp

N(O) = 10+ for three initial reactivity bursts equivalent to a= 8, 10, and 12 see-l
(corresponding to super-prompt critical reactivity insertions of $1.756, $1.964, and
$2.170) (Hetric~ 1971: pg. 172). Using the N? approximation%peak power value;~f

3.20, 5.00, and 7.20 are predicted. The NARK benchmark NF calculations for the U
thermal reactor assembly displaying power versus time is shown in Figure F.1-l. As can
be seen from this figure, the NARK numerical solution agrees with the NF solution. The

1 aD
fast reactor assembly considered the following ratios, — = 10-6,~ =1, and

P Mcpp

N(O) = 104 for three initial reactivity burstsequivalent to o = 2400,3000, and 3600 See-l
(which are slightly above prompt critical reactivi~ insertions of $1.00223,$1.00286, and

$1.00349) (HetricL 1971: pg. 173). The NF approximation predicts fast assembly peak
ower values of 2.88, 4.50, and 6.50. The N- benchmark N? calculations for the

!!35U fast reactor assembly displaying power versus time is shown in Figure F.1-2. Aga.iq

the NARK numerical solution is in good agreement with solution obtained with the N)?
approximation.



It should be noted that the Nordheim-Fuchs solution, Equations F. 1-1 and F.1-2, is an
approximation to nuclear dynamics using an adiabatic heat-loss model. Therefore, the
NARK model is not expected to exactly match the NF predictions because the NARK
model is both ~hmically and mathematic~ly more figorous. AISOtie N= results
shown in Figur~s F.I-l ad F. 1-2 are similar to publishe-dfigures (Hetrick,
174).

F.2 Small Reactivity Excursions using the Nuclear Dynamics Model

1971: pg. 173-

To .finther test the NARK nuclear dynamics model in the uncoupled mode, a small
reactivity excursion (an initial reactivity of PO<p) was used to demonstrate appropriate
simulation of reactivity temperature feedback effects for slow nuclear excursions. Again,
using the adiabatic heat loss model, the code was run simulating two slow power
excursions having similar initial reactivities. This small reactivity excursion study was
limited to a thermal and f= assembly using nuclear data for ‘5U as the fissile materi~.
Equilibrium Mid conditions were applied to the nuclear kinetics equations, as well as

the initial condition of T(O)= O. The thermal assembly considered the following ratios:,,

I1=10-1, laD

P
=1 and N(O)= 10q for the small initial reactivity excursion of 0.4029

Mcpp

‘0 O4029). The fmt assembly considered the(in dollars worth of reactivity, i.e. $p = ~ = .

1 (ZD
following ratios: — = lo-6,~ =1, and N(O) = 10+ for the small initial

P Mcpp

‘0 – 03992).excursion of 0.3992 (in dollaxs worth of reactiviv, i.e. $p = — -

P

reactivity

Shown in

Figures F.2-1 aud F.2-2 are the power histories and the power versus reactivity responses
for the overlayed thermal and f- assemblies of ‘5U. The NARJS resdfi shown ~
Figure F.2-2 are important because they depict the reactively dependence on power and
are in exact synchronization with the rise and fall of the corresponding power excursions
shown in Figure F.2-1.
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t (See)

Figure F.2-1. Power histories (watts) of ‘5U for small reactivity excursions.
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Figure F-4. Power (watts)versus reactivi~ of ‘5U for small reactivi~ exc~io~.
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Table F.2-1. NARK UDX Sensitivity Input Parameters

NARK Units Number of Values of Sensitivity
Sensitivity Input Sensitivity Input Input Parameters
Parameter Parameters
TFM mass Kg 3 25.0,50.0,100.0
TFM volume Dimensionless 1 262.155 X 10+
Fraction
Effective neutron s 2 1.0 X10+,5.0X10+ ‘
lifetime, 1
Excess reactivity # 3 0.1,1 .0,10.0
insertio~ p,(y$)
Initial Power, NO w. 3 0.001,0.1,1.0
Fuel-Doppler &&fi 3 -7.5 X 10->,10+, -2.5X 10+
temperature

coefficien~ a:

,.

,-

-.-..,-..I., -- w . . . . —.. . ., .. . . . -- . . .-. ---.7---------- . . . . . .. . ,-=mY-.--,-. — ~.-. .. ------ ---—— ---— - .-. ----
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Table F.2-2. Key Input Parameters for NAKK UDX Sensitivity Calculations

NAIW
RUN
n)
%001
dxm)oo2
dxmoo3
dxfOO04
dxmoo5
dxfOO06
dxmoo7
dxmooa
dxmoo9
(2X$OO1O
dxmol1
dxmo12
dmo13
hmo14
dxmo15
dxfOO16
dxmo17
dxfO018
dxmo19
dxmo20
dxmo21
dxmo22
dxmo23
dxmo24
dxfO025
dxfO026
dxfO027
dxfO028
dxfO029
dxmo30
dxmo31
dxfO032
dxmo33
dxmo34
dxmo35
dxfO036
dxmo37
dxfO038
dxmo39
dxmo40
dxmo41
dxmo42
dxmo43
dxfoo44
dxmo45
dxfO046
dxmo47
dxfO048
dxmo49
dxmoso
dxmosl
dxfO052
dxmo53
dxmo54
dxmo55
dxmo56

litial
ower
v)
000E-03
000E-03
000E-03
SJOOE-03
SIOOE-03
S)OOE-03
s)OOE-03
,000E-03
,000E-03
,000E-03
>OOOE-03
)OOOE-03
.000E-03
,000E-03
JIOOE-03
)OOOE-03
aooE-03
000E-03
000)3-03
.000E-03
.000E-03
000E-03
,000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-01
.000E-01

Initial
Power
(fissionskec)
3.286E+07
3.286E+07
3.286E+Q7
3.286E+07
3.286E+07
3.286E+47
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286EM7
3.286E+07
3.286E~7
3.286E+07
3.286EM7
3.286EM7
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286EM7
3.286EN7
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286Eti7
3.286EN7
3.286EN7
3.286EU)7
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286E+07
3.286EM7
3.286EN7
3.286EM7
3.286E+07
3.286E+07
3.286E+17
3.286EM)7
3.286Eti7
3.286E+07
3.286E+07
3.286E+09
3.286E+09

[nitial
Reactivity
[cents)

1.000E-O 1
I.000E-01
1.000E-01
1.000E-01
I.000E-01
I.000E-01
1.000E-O 1
1.000E-01
1.000E-01
1.000E-01
1.000E-01
I.000E-01
I.000E-01
1.000E-01
1.000E-01
1.000E-01
I.000E-01
I.000E-01
1.000E+OO
1.000E+OO
I.000E+OO
I.000E+OO
I.000E-HIO
I.000E+OO
I.000E+OO
I.000E+OO
1.000EWO
1.000E+OO
1.000E+OO
I.000E-WO
I.000E+OO
I.000E+OO
1.000E+OO
1.000E+OO
1.000E40
I.000E+OO
I.000E+OI
I.000EW)l
I.000E+O1
I.000E+OI
14100E+OI
I.000E+OI
I.000E+OI
I.000E+OI
1.000E+4)I
1.000E@l
I.000E+O1
I.000E+OI
I.000E+OI
1.000E+OI
1.000E+OI
1.000E+OI
I.000E+O1
1.000E@l
I.000E-01
I.000E-01

F-6

I’FM
Mass

[kg)
2.500E+OI
2.500EW1
2.500E+01
2.500E+01
2.500E+OI
2.500E+OI
5.000E+OI
5.000EW1
5.000E+O1
5.000E+OI
5.000E+OI -
5.000E+OI
1.000E+02
1.000EW2
1.000EW2
1.000E+02
1.000E+02
1.000EW2
2.500E+01
2.500E+01
2.500E+OI
2.500EWI
2.500E+01
2.500E+OI
5.000E+O1
5.000E+O1
5.000E+OI
5.000EMI
5.000E+OI
5.000EWI
1.000E-W2
1.000E+02
1.000E+02
1.000E+02
1.000E+02
1.000E+02
2.500E+01
2.500E+01
2.500E+01
2.500E+OI
2.500E+01
2.500E+OI
5.000E+OI
5.000E@l
5.000E+Ol
5.000EHI
5.000EWI
5.000E+O1
1.000E+02
1.000E+02
1.000E++12
1.000E+02
1.000E+02
1.000E+02
2.500E+OI
2.500EW)I

Doppler
Coefficient
(pcm)
-5.000E+OO
-5.000E@O
-1.000EWI
-1.000E@l
-5.000E+O1
-5.000E+OI
-5.000E+OO
-5.000EiOO
-1.000E+OI
-1.000E@l
-5.000E+O1
-5.000E+O1
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000EWI
-5.000E+OI
-5.000EW1
-5.000E+OO
-5.000EsOO
-1.000E+O1
-1.000E+O1
-5.000E-W1
-5.000EWI
-5.000E+OO
-5.000EHO
-1.000E+O1
-1.000E+O1
-5.000E-I-01
-5.000E+Ol
-5.000E+OO
-5.000EHO
-1.000EW1
-1.000E+O1
-5.000E+OI
-5.000E+OI
-5.000E-I-00
-5.000E-WO
-1.000E+OI
-1.000EH1
-5.000E+OI
-5.000E+OI
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000E-f-01
-5.000E@l
-5.000Ew31
-5.000E-H)O
-5.000E+OO
-1.000Ei-01
-1.000EW1
-5.000EWI
-5.000Ei-01
-5.000E-KIO
-5.000EWO

Neutron
Iifq
(see)
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000)3-05
1.000E-04
5.000E-05
1.00023-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.00023-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05



Table F.2-2. Key Input Parameters for NARK UDX Sensitivity Calculations

dxf0057
dxfO058
dxfO059
dxf0060
dxfO061
dxf0062
dxfl1063
dxfoo64
dxfO065
dxfoo66
dxfO067
dxfO068
dxfoo69
dxfoo70
dxfoo71
dxK)072
dxfoo73
WO074
dxfoo75
dxfO076
dxfoo77
dxfO078
dxfoo79
dxfO080
dx~081
dxfO082
dxfO083
dxfO084
dxfO085
dxfoo86
dxfO087
dxfooss
dxfO089
dxfoo90
dxfowl
dxfO092
dxfoo93
dxfoo94
&mo95
(IxKI096
dxfoo97
dxfO098
dxfoo99
dxfoloo
H1OI
dxmlo2
M103
MO1O4
dxfolo5
dxfO106
WO1O7
dxfO108
WO1O9
dxfollo
dxfolll
dxfol12
dxfol13
&fol14

1.000E-01
I.000GOI
I.000E-01
1.000E-01
I.000E-01
1.000E-01
I.000E-01
I.000E-01
I.000JH1
I.000E-01
I.000E-01
1.000S01
I.000E-01
I.000E-01
I.000E-01
1.000)3-01
1.000)3-01
1.000)3-01
1.000)3-01
I.000E-01
I.000E-01
I.000E-01
I.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000JMI1
I.000E-01
I.000E-01
I.000E-01
1.000E-01
1.000E-01
I.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000E-01
I.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000E-01
1.000EO1
1.000E-01
1.000E-01
1.000&Ol
1.000E-01
1.000E-01
1.000E-01
1.000E+OO
I.000E+OO
1.000E+OO
1.000EMIO
1.000E-KIO
I.000E+OO

(Continued)

3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286EW9
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286EWJ9
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286EW9
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E-K19
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286E+09
3.286Eu19
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+1O
3.286E+1O

I.000E-01
I.000E-01
I.000E-01
[.000E-01
1.000E-01
1.000E-01
I.000E-01
[.000E-01
[.000E-01
I.000E-01
[.000E-01
1.000E-ol
1.000E-01
LOOOE-01
1.000E-01
1.000s01
1.000E+OO
LOOOE+OO
LOOOE+OO
1.000E+OO
1.000E+OO
1.000E+OO
1.000E+OO
LOOOE+OO
1.000E@O
LOOOE+OO
LOOOE+OO
LOOOE++IO
I.000E+OO
1.000E+OO
I.000E+OO
I.000EWO
1.000E+OO
LOOOE+OO
LOOOE+O1
I.000E-W
1.000E+O1
1.000E+O1
1.000E+O1
1.000E+O1
I.000E+OI
LOOOE+OI
1.000E+O1
1.000E+O1
1.000E+Ol
1.000E+O1
I.000E+OI
1.000E+O1
1.000E+O1
1.000E+O1
I.000EW
I.000EWI
1.000E-01
LOOOE-01
1.000E-01
LOOOE-01
1.000E-01
1.000E-01
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2.500E+01
2.500E+OI
2.500E+01
2.500E+OI
5.000E-KII
5.000E+O1
5.000E-WI
5.000E+OI
5.000E-WI
5.000E+O1
1.000E+02
1.000E+02
1.000E+02
1.000E-I-02
1.000E+02
1.000E+02
2.500E+01
2.500E+01
2.500E+01
2.500E+OI
2.500E+01
2.500E+OI
5.000E+I1
5.000E+O1
5.000E+OI
5.000E@l
5.000E+O1
5.000E-@l
LOOOE-K12
1.000E-W2
1.000E-H12
1.000E-W2
1.000E-I-02
1.000E+02
2.500E+01
2.500E+01
2.500E+01
2.500E+01
2.500E+01
2.500E+OI
5.000E+OI
5.000E+O1
5.000EH1
5.000E+O1
5.000EW1
5.000EMH
1.000E+02
1.000E-I-02
1.000E+02
1.000E+02
LOOOE+02
1.000E+02
2.500E+01
2.500E+OI
2.500E+01
2.500E+01
2.500E+01
2.500E+01

.I.000E+OI

.1.000E+OI
-5.000E+OI
.5.000E+O1
-5.000E+OO
.5.000E+OO
-1.000E+OI
-1.000E+OI
-5.000E+OI
.5.000E+OI
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000EHI
-5.000E+OI
-5.000E#l
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+O1
-5.000E+O1
-5.000E+OI
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+Ol
-5.000E+OI
-5.000E+Ol
-5.000E-HIO
-5.000E+OO
-1.000E+OI
-1.000E#l
-5.000E@l
-5.000E+O1
-5.000E-WO
-5.000EWO
-1.000E+O1
-1.000EW1
-5.000EW
-5.000E+O1
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000EtOl
-5.000E+O1
-5.000EW1
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+O1
-5.000E+OI
-5.000E@l
-5.000E+OO
-5.000E+410
-1.000E+O1
-1.000E-@l
-5.000EW1
-5.000EW1

1.000E-04
MOOE-05
[.000E-04
UIOOE-05
1.000E-04
UJOOE-05
1.000E-04
WOOE-05
1.000E-04
MOOE-05
1.000E-04
5.000E-05
1.000E-04
S.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
LOOOE-04
5.000E-05
LOOOE-04
5.000E-05
1.000E-04
5.000E-05
LOOOE-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-C14
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
MOW-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E44
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
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Table F.2-2. Key Input Parameters for NARK UDX Sensitivity Calculations

M-)115
i.W116
kfol17
ixfOI18
MOI19
kfo120
dxfo121
CIXK)122
dxfo123
dxfO124
dxfO125
dxKJ126
dxfO127
dxfO128
dxfO129
&fo130
dxm131
dxfO132
dxfo133
dxfo134
dxfo135
clxfO136
dxfo137
dxfO138
dxfo139
dxfo140
dxfo141
dxfO142
dxfo143
dxfo144
ixfo145
M146
M0147
ixfO148
M0149
M1150
M0151
kf0152
LM0153
M0154
dxm155
dxfO156
dxfo157
dxfO158
dxfo159
dxfO160
dxfO161
dxfO162

I.000E+OO
1.000E+OO
1.000EWO
I.000EHO
I.000E+OO
I.000E+OO
I.000E+OO
1.000E+OO
I.000E+OO
I.000E+OO
1.000E@O
I.000E+OO
I.000E+OO
I.000E+OO
1.000E+40
1.000E+40
I.000E++IO
I.000E+OO
I.000E+OO
I.000E+OO
I.000EWI
I.000E+OO
I.000E++IO
I.000E+OO
1.000E+OO
1.000E+OO
1.000E+OO
1.000E+OO
1.000E+OO
I.000E+OO
1.000E+OO
1.000E+OO
LOOOE+OO
1.000E+IO
I.000E+OO
I.000E+IO
1.000E#O
1.000E@O
I.000E+OO
1.000E+OO
I.000E+OO
I.000E+OO
1.000E+OO
I.000E+OO
1.000E+OO
1.000E+OO
1.000E+OO
I.000E+OO

3.286E+I0
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+1O
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+I0
3.286E+1O
3.286)3+10
3.286E+1O
3.286E+1O
3.286E+1O
3.286E-I-10
3.286E+I0
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+I0
3.286E-FIO
3.286E+1O
3.286E+1O
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+I0
3.286E+I0
3.286E+1O
3.286E+1O
3.286E+I0
3.286E+1O
3.286E+1O

(Continued)

000E-01
000E-01
000E-01
000E-01
000E-01
000E-01
000E-01
000)3-01
000E-01
000E-01
000E-01
000E-01
000E+OO
000E+OO
000E+OO
.000E+OO
000E+OO
000E+OO
,000E+OO
000E+OO
.000E+OO
>OOOE+OO
.000E+OO
.000E+OO
.000E+OO
.000E+OO‘
.000E+OO
.000E+OO
.000E+OO
.000E+OO
000E+OI
000E+OI
000E+O1
000E+O1
000E+OI
000E+O1
000E+OI
000E+OI
000E+O1
s)OOE+OI
000E+Ol
JIOOE+O1
,000E+Ol
,S)OOE+OI
JJOOE+O1
.000E+O1
J300E+OI
,000E+O1

5.000E+OI
5.000E+OI
5.000E+O1
5.000E+OI
5.000E+OI
5.000E+O1
1.000E@2
1.000E+02
1.000E+02
1.000EW2
1.000E+02
1.000E+02
2.500EWI
2.500E+OI
2.500E+OI
2.500E+OI
2.500E+OI
2.500E+01
5.000E+O1
5.000E+OI
5.000E+O1
5.000E+O1
5.000E+OI
5.000EWI
1.000E+02
1.000E+02
1.000E+02
1.000E+02
1.000E+02
1.000E+02
2.500E+01
2.500EW1
2.500E+OI
2.500EWI
2.500E+OI
2.500E+01
5.000EWI
5.000E+Ol
5.000E+O1
5.000EWI
5.000E+OI
5.000E+O1
1.000E+02
1.000EW2
1.000E+02
1.000E+02
1.000E+02
1.000E+02

-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+OI
-5.000E+OI
-5.000E+O1
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000E+OI
-5.000E+O1
-5.000E@l
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000EWI
-5.000E+OI
-5.000E+O1
-5.000E+OO
-5.000E+OO
-1.000EWI
-1.000E+OI
-5.000E+Ol
-5.000E+O1
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+O1
-5.000E+OI
-5.000E+OI
-5.000EMO
-5.000E-HIO
-1.000E+OI
-1.000E-WI
-5.000E+O1
-5.000E+Ol
-5.000E+OO
-5.000E+OO
-1.000E+OI
-1.000E+OI
-5.000E+OI
-5.000EH)l
-5.000E+OO
-5.000E+OO
-1.000E+O1
-1.000E+OI
-5.000E+iii
-5.000E+O1

1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000%04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
1.000E-04
5.000E-05
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Table F.2-3. Uncoupled Nuclear Dynamics Fixed Input Parameters

!1
IPRENARK 1.01 (08/20/97) 26-AUG-1997 16:07:13

l=================------=------_=--------====.===============-_--__--==s------ ------- -------- --------

I PRENARK ‘FIKED INPUT PARANBTBRSm TRANSFER FILE:
IPOSTNARIC-UDKFQE.FIP
!CODE VERSION: 1.01
lCODE R.EVZSIONDATE: 08/20/97
IBKECUTION MACHINE: BEATLE-ALPHAAXP
!OPERATING SYSTEM: OPenVMSV6.1
!CODE AUTHORS:
lJONATHAN SCOTT RATH, ESQ. [UNM/NMERI]
!CODE SPONSORS:
!JONATHAN SCOTT RATH, ESQ. [UNN/NNERIl
!RUN DATE: 26-AUG-1997
lRUN TIME: 16:07:13
!=============================================================='==''''='
I*VARIABLE....(VARIABLE_DESCRIPTION_ )......[UNITS]
! m_7ALuE(s)
!=.=.=...==.=....====.=...===.=.....====================================
*FUEL.........(THERMAL_FISSILE_MXEtIAL_SPECIES )......APPLICABLElABLEl
U235
●AN ...........(NEOTRON_SOURCl_RATE )......[W/SEC]
0.0000OOOD+OO

●FISDNS.......(THERMAL_FISSILE_iXE3UAL_DENSITY )......[KG/MA3]
1.9070000D+04
*FISSPH.......(TFM_SPEcIFIc_HEAT_CAPACITY )......[J/KG/Kl
1.1600000D+02

●H)ENSI .......(CCMPOSITE_TF?4+HOST_ROCK_DENSITY )......[KG/MA31
2.2774040D+03
*xHECAP.......(Cw051TE_TFM+H0ST_R0cK_spmTm) .....llJ/KG/Kl
1.3223457D+03
*FIVOFR.......(TFM_VOLUMB/HOST_ROCK_vOL~_mTIO ).-....[DI~sIONLEss]
2.6219190D-04
*FIMAFR.......(TFM_MASS/HOST_ROCK_MASS_RATIO )......[DIMENSIONLESS]
2.1954820D-03
*SSNF.........(NEUTRONS_PER_ENERGY_CONVERSION )......[NEUTJOULE]OULE]
7.99OOOOOD+1O
*FISPEN.......(ENERGY_PER_FISSION_CONVERSION )......[FISSJOULE]OULE]
3.286OOOOD+1O

●BETATO.......(TOTAL_FRACTION_OF_DELA~_~ONS )..-...[D~sIO=sl
6.5000000D-03

●GAMBIT .......(DELAYED_NEUTRON_PRAC+ENERGY_CORREC)......[DIMENSIO~SS1
O.OOOOOOOD+OO

●NG ...........(NUMBER_OF_DELAYED_NEOTRON_GROUPS )......[DIMENSIONLESS]
7

●BETA .........(DELAYED_NEOTRON_FRA~IONS )......[DIMENSIONLESS]
0.0000OOOD+OO
2.1450000D-04
1.4235000D-03
1.2740000D-03
2.5675000D-03
7.4750000D-04
2.7300000D-04

●LN(2)/IJmfEDz4.(D=y2D_~ON_~F_L3VEs
6.9314718D-04
5.5898966D+01
2.2726137D+01
6.2445692D+O0
2.3028146D+O0
6.0802384D-01
2.3028146D-01
*AVGDKY.......(AmGE_NE0TR0N_DEcAY_c0N5TANT )..l...[sE11-1I

) ......[SEC]
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Table F.2-3. Uncoupled Nuclear Dynamics Fixed Input Parameters (Continued.)

7.6719434D-02
●AVGNLF. . . . . . . (A~E_NEOTRON_LIPETIME ) ...... [SEC]

8.4934295D-02

●NH ...........(NO._OF_NEOTRON_DECAY_HEAT_GROUPS ) ...... [DIMENSIONLE=]

11

●BETAH ........(NEUTRON_DECAY_HEAT_FRACTIONS ) ...... [DIMENSIONLESS]

2.9900000D-03

8.2SOOOOOD-03

1.5500000D-02

1.9350000D-02

1.1650000D-02

6.4500000D-03

2.31OOOOOD-O3

1.6400000D-03

8.5000000D-04

4.3000000D-04

S.7000000D-04

●LAMBDA. ...... (DECAY_m_PRECORSOR_CONSTANTS ) ......[1]C”-1]

1.7720000D+O0

5.7740000D-01

6.7430000D-02

6.2140000D-03

4.7390000D-04

4.81OOOOOD-O5

5.3440000D-06

5.7260000D-07

1.0360000D-07

2.9590000D-08

7.585OOOOD-10

*BETAI-IT...... (TOTAL_NEUTAON_DECAY_KEAT_P'RAmI0N ) ...... [DI~SIONLESSl

6.9990000D-02

*END_FIXED_INPOT_PARA==tS _FILE
!.......=======.............=.=..=..=.=...=.=.=.==...==..=====...===.==.
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Table F.2-4 Key Results horn NARK UDX Sensitivity Calculations

MO06
dxmO07
dxmoo8
tim009
timolo
dxmoll
d.xmo12
dxmo13
dxmo14
dxfoo15
dxmO16
dxfoo17
cixmO18
dxfoo19
dxfoo20
dxmo21
dxfoo22
dxmo23
dxfO024
dxfoo25
dxm026
dxfO027
dxfO028

dxfoo30
dxmo31
dxfO032
dxmo33
dxfoo34
dxfoo35
dxm036
dxfoo37
dxfO038
dxfoo39
dxfoo40

dxmo42
dxfoo43
dxfoo44
dxfoo45
dxfO046
&foo47
dxm048
dxmo49
dxmo50
dxfoo51
dxfO052
dxfoo53
dxfoo54
dxfoo55

3.116E+05
2.948E+05
2.946E+05
2.559Et05
2.559E+05
3.288E+05
3.286E+05
3.I19E+05
3.116E+05
2.727E+05
2.726E-K15
3.455E+05
3.453E+05
3.288EH5
3.286E+05
2.895E+05
2.893E+05
4.239Et04
4.238E+04
4.071E+04
4.069E-104
3.679E+04
3.676E+04
4.409E#4
4.406E+04
4.240EU)4
4.237E+04
3.846E+04
3.844E-xM
4.579E+04
4.577E+04
4.409E#4
4.405H04
4.016E+04
4.014E+04
5.502E+03
5.499E+03
5.329E+03
5.325E+03
4.918E+03
4.916E+03
5.681E+03
5.677E+03
5.503E+03
5.499EH)3
5.094E+03
5.091E+03
5.855E+03
5.853E+03
5.680E+03
5.678E+03
5.271E+03
5.268E+03
2.042E+05

L907E+08
9.507E+07
9.518E+07
1.900E+07
L900E+07
1.901E+08
1.902E+08
9.530E+07
9.534E+07
1.901E+07
1.903E+07
1.891E+08
1.891E+08
9.508EW7
9.510E+07
1.892E+07
1.892E+07
I.9I2E+1O
1.9I3E+1O
9.557E+09
9.564E+09
1.913E+09
1.914E+09
1.902E+1O
L902E+1O
9.561E+09
9.568E+09
1.909E+09
1.909E+09
I.902E+1O
1.904E-I-1O
9.505E+09
9.514E+09
1.897EW9
1.896E+09
2.054E+12
2.057E+12
1.030E+12
1.03IE+12
2.055E+I1
2.053E+11
2.049E+12
2.047E+12
1.026E+12
1.028E+12
2.060E+11
2.062E+11
2.062E-I-12
2.062E+12
1.025E+12
1.023E+12
2.038E+11
2.043E+I1
1.736E+08

2.793E-01
1.3953X)1
L396E-01
2.790E-02
2.788E-02
2.791)3-01
2.792%01
1.396E-01
L396E-01
2.791E-02
2.791E-02
2.791E-01
2.791E-01
1.395E-01
1.3961XH
2.791E-02
2.791E-02
2.792E+O0
2.791E+O0
1.396E+O0
1.396E-WO
2.79E-01
2.791E-01
2.791E+O0
2.791E+O0
1.396EH)0
1.396E+O0
2.791E-01
2.791E-01
2.791E+O0
2.791E+O0
1.396E+O0
L396E+O0
2.792E-W
2.791E-01
2.800E-WI
2.799E+OI
I-399E+OI
1.400E+OI
2.800E+O0
2.799E+O0
2.799E+01
2.799EWI
1.400E+01
1.400E+01
2.799E+O0
2.800EMI0
2.800E+OI
2.799E+01
1.400EH)I
1.400E+OI
2.799EiO0
2.799E+O0
2.721E-01

8.567E+OI
4.269E+OI
4.274E+OI
8.533E+O0
8.533E+O0
1.708E+02
1.709E+02
8.560E+01
8.564E+OI
1.708E+01
1.709E+OI
3.399E+02
3.399E+02
1.708E+02
1.709E-W2
3.400E+OI
3.400E+OI
8.518E*3
8.521E+03
4.256E+03
4.259E+03
8.521E+02
8.525E+02
1.695EW4
1.695E+04
8.519E+03
8.526E+03
L701E+03
1.701E+03
3.386E+04
3.390E+04
1.695)3+04
1.696E+04
3.383E+03
3.382E+03
9.012E+05
9.026E+05
4.524E+05
4.528E+05
9.029E+04
9.023E+04
1.802EiQ6
1.800EW6
9.007E+05
9.026E+05
1.809E+05
1.811E+05
3.622E+06
3.622E+06
1.802E-@6
1.799E+06
3.576E+05
3.584EU15
7.797)3+01

2.815E+12
1.403E+12
1.404E+12
2.804E+I1
2.804E+I1
5.612E+12
5.616E+12
2.813E+12
2.814E+12
5.612E+11
5.617)3+11
1.117E+13
1.117E+13
5.614E-I-12
5.615E+12
1.117E+12
1.117E+12
2.799E+14
2.800E+14
1.399E+14
1.400E+14
2.800E+13
2.801E+13
5.571E+14
5.571E+14
2.799E+14
2.802E+14
5.590E+13
5.591E+13
1.113E-I-15
1.114E+15
5.569E+14
5.574E+14
1.112E+14
LlllE-i-14
2.961E+16
2.966E+16
1.487)3+16
1.488Ei-16
2.967E+15
2.965E+15
5.920E+16
5.914E+16
2.960E-I-16
2.966E+16
5.944E+15
5.950E+15
1.190E+17
1.190E-I-17
5.92X-!-16
5.913E+16
1.175E-I-16
1.178E-F16
2.562E+12

1.382E-I-17
6.904E+16
6.905E+16
1.380E+16
1.380E+16
2.762E+17
2.762E+I7
1.381E+17
1.381E+17
2.762E+16
2.761E-I-16
5.525E+17
5.524E+17
2.762E+17
2.762E+17
5.523E+16
5.524E+16
1.381E+18
1.381E+18
6.906E+17
6.905E+17
1.381E+17
L381E+17
2.762E+18
2.762E-I-18
1.381E+18
1.381E+18
2.762E+17
2.762E-I-17
5.525E+18
5.524E+18
2.762E+18
2.763E+18
5.526E+17
5.525E+17
1.385E+19
1.385E+19
6.925E+18
6.926E+18
1.385E-I-18
1.385E+18
2.770E+19
2.770E+19
1.385E+19
1.385E+19
2.770E+18
2.770E+I8
5.541E+19
5.540E+19
2.770E+19
2.770E+19
5.541E+18
5.540E+18
1.346E+17

dxfO056 2.041E+05 1.737E+08 2.722E-01 7.801E+01 2.564E+12 1.346E+17
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Table F.2-4Key Results from N~~XSensitivi& Calculations (Continued)

dxfoo57 1.888E+05 8.414E+07 1.339E-01 3.779E+01 1.242E+12 6.621E+16
dxfO058
dxfoo59
dxm060
dxfO061
dxfoo62
dxm063
dxmo64
dxfO065
dxmo66
dxmo67
dxm068
dxfO069
dxmo70
dxmo71
dxmo72
dxmo73
dxmo74
dxmo75
dxfO076
dxfoo77
dxfO078
dxfoo79
dxfO080
M71081
clxKI082
dxfO083
dxfO084
dxfO085
dxfoo86
dxfO087
dxmo88
dxfO089
dxmo90
dxmo91
dxfO092
dxmo93
dxmo94
dxmo95
dxfO096
dxmo97
dxfO098
dxmo99
dxmloo
Cixmlol
dxmlo2
dxmlo3
dxmlo4
dxmlo5
6xfO106
dxmlo7
H108
dxmIo9
dxmllo
dxmlll
dxml12
dxmI13
dxml14
dxml15
dxfOl16
dxml17
dxfOl18

1.888E+05
1.481E+05
1.480E+05
2.191E+05
2.190E+05
2.042E+05
2.041E+05
1.663E+05
1.662E+05
2.345E+05
2.344E+05
2.191E+05
2.190E+05
1.836E+05
1.835E+05
3.115E+04
3.I13E+04
2.945E+04
2.944E+04
2.557E+04
2.556Ei-04
3.285E+04
3.283EH4
3.I15E+04
3.113E+04
2.724E+04
2.724E+04
3.452E+04
3.450E+04
3.286E+04
3.283E+04
2.892E+04
2.890E++14
4.333E+03
4.330Eu33
4-155E+03
4.153E+03
3.746)3+03
3.745E+03
4.508E+03
4.505E+03
4.332E+03
4.330E+03
3.923E+03
3.921E+03
4.684E+03
4.682E+03
4.507E+03
4.505E+03
4.098Ei03
4.096E+03
1.481E+05
1.480E+05
1.292E+05
1.292E+05
8.471E+04
8.467E+04
1.663E-H35
1.662E+05
1.48IE+05
1.480EW5

8.419E+07
1.701E+07
1.702E+07
1.828E+08
1.830E+08
8.681E-IQ7
8.685E+07
1.689E+07
1.690E+07
1.872EW8
1.872E+08
9.142E+07
9.140E-W7
1.684E+07
1.685E+07
1.910E+I0
1.912E+I0
9.491E+09
9.497E+09
1.892EM19
1.893EW9
1.913E+I0
I.913E+1O
9.554E+09
9.558E+09
I.91OE+O9
1.91OE+4)9
L906E+1O
1.905E+I0
9.560E+09
9.568E+09
1.911E+09
1.912E+09
2.057E+12
2.061E+12
L029E+12
1.029E+12
2.049E+11
2.047E+I1
2.042E+12
2.039E+12
1.029E+12
1.030E+12
2.061E+11
2.063E+I1
2.062E+12
2.062E-I-12
1.021E-F12
1.020E+12
2.046E+I1
2.049E+I1
1.701E+08
1.702E+08
8.616E+07
8.621EW7
1.903E+07
1.904EM)7
1.689E+08
1.690E+08
8.503E+07

1.339E-01
2.632E-02
2.632E-02
2.759E-01
2.759E-01
1.361E-01
1.361E-01
2.640E-02
2.640E-02
2.779E-01
2.779E-01
1.380E-01
1.379E-01
2.666E-02
2.666&02
2.791E+O0
2.792E+O0
1.396E+O0
1.396E+O0
2.788E-01
2.788E-01
2.792E+O0
2.791E+O0
1.396E+O0
1.396E+O0
2.791E-01
2.790E-01
2.791E+O0
2.791E+O0
1.395E+O0
1.396E+O0
2.791E-01
2.792E-01
2.799E+01
2.800E+OI
1.400E+01
1.400E+01
2.799E+O0
2.799E+O0
2.800E+OI
2.799E+01
1.400E+01
1.400E+OI
2.800EM0
2.800E+O0
2.800E+01
2.800EWI
1.400E+01
1.400E+01
2.799E+O0
2.799E+O0
2.632E-01
2.632)S-01
1.318E-01
1.318E-01
2.703E-02
2.703E-02
2.640E-01
2.640E-01
1.316E-01

3.782E+OI
7.641E+O0
7.645Ei-00
1.642E+02
1.643E+02
7.797E+OI
7.801E+OI
1.518E+OI
1.519E+01
3.364E+02
3.365E+02
1.643E+02
1.642E+02
3.025E+01
3.027E+OI
8.506E+03
8.514E+03
4.225E+03
4.227E+03
8.422EW2
8.427E+02
1.704E+04
1.704E#4
8.508E+03
8.513E+03
1.701E+03
1.701E+03
3.398E#4
3.396E+04
1.703E+04
1.705E+04
3.406EM33
3.408Eti3
9.027EW5
9.045E+05
4.521E+05
4.521E+05
9.oo6E#4
8.999E#4
1.796E+06
1.794E+06
9.031E+05
9.044E+05
1.810E+05
1.812E+05
3.622E+06
3.623E+06
1.795E+06
1.794E+06
3.590E+05
3.596E+05
7.641E+OI
7.645E+01
3.871E+01
3.873EMI
8.553E-WO
8.557E+O0
1.518E+02
1.519E+02
7.640E+OI

1.243E+12
2.51IE+I1
2.512E+I1
5.396E+12
5.400E+12
2.562E+12
2.564E+12
4.988E+1)
4.991E+II
1.I05E+13
1.I06E+13
5.397E+12
5.396E+12
9.942E+11
9.947E+I1
2.795E+14
2.798E+14
1.388E-I-14
1.389E+14
2.767E+13
2.769E+13
5.601E+14
5.601E+14
2.796E-I-14
2.797E+14
5.590E+13
5.589E+13
1.116E+15
1.116E+15
5.598E+14
5.603E+14
1.119E+14
1.120E+14
2.966E+16
2.972E+16
1.486E+I6
1.486E+16
2.959E+15
2.957E+15
5.902E+16
5.894E+16
2.968E+16
2.972E+16
5.947E+15
5.954E+15
1.190E+17
1.190E+17
5.900E+16
5.896E+16
1.180E-I-16
1.182E+16
2.51IE+12
2.512E+12
1.272E+12
1.273E+12
2.81IE+I1
2.812E+I1
4.988E+12
4.991E+12
2.51IE+12

6.621E+16
1.298E+I6
1.298E+I6
2.730E+17
2.730E+I7
1.347E+17
1.346E+17
2.608E+16
2.608E+16
5.499E+17
5.500E+17
2.730E+17
2.730E+17
5.271E-I-16
5.272E+16
1.381E+18
1.381E+18
6.906E+17
6.905E+17
1.380E+17
1.379E+17
2.763E+18
2.762E+18
1.381E+18
1.381E+18
2.762)3+17
2.761E+17
5.524E+I8
5.524E-I-18
2.761E-I-18
2.762E+18
5.523E+17
5.525E+17
1.385E+19
1.385E+19
6.925E+18
6.925E+18
1.385E+18
1.38S3+18
2.770E+19
2.770E+19
L385E+19
1.385E+19
2.771E+18
2.771E+18
5.541E+19
5.541E+19
2.771E+19
2.770E+19
5.540E+18
5.540E+I8
1.298E+17
1.298E+17
6.480E+16
6.480E+16
1.296E+16
1.296E+16
2.608E+17
2.608E+17
1.298E+17

8.508EW7 1.316E-01 7.645E+01 2.512E-I-12 1.298E+17
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dxfl)120
dxm121
dxitl122
(M)123
dxfO124
dxfO125
dxiV126
dxm127
dxfD128
dxm129
dxm130
dxm131
dxm132
dxm]33
dxm134
dxm135
dxm136
dxm137
dxfO138
dxm139
dxm140
dxm141
dxfO142
dxm143
dxm144
dxm145
dxfO146
dxm147
dxfO148
dxm149
dxmlso
dxmlsl
dxfO152
dxm153
dxm154
dxm155
dxfO156
dxm157
dxfO158
dxm159
dxfO160
dxfO161
dxfO162

1.041E+05
1.836E+05
1.835E+05
1.663E+05
1.662E+05
1.232E+05
1.232E+05
2.557E+04
2.556E+04
2.396E+04
2.394E+04
2.044E+04
2.044E+04
2.724E+04
2.724E+04
2.557E+04
2.556E+04
2.193E+04
2.193E+04
2.892E+04
2.890E+04
2.725E+04
2.723E+04
2.345Ei-04
2.344E+04
30746E+03
3.745E+03
3.571E+03
3.569E+03
3.168E+03
3.166E+03
3.923E+03
3.921E+03
3.746E+03
3.744E+03
3.340E+03
3.338E-H13
4.098EW3
4.096E+03
3.924E+03
3.921E+03
3.515E+03
3.512E+03

1.792E+07
1.684E+08
1.685E-H18
8.447E+07
8.453E+07
1.734E+07
1.735E+07
I.892E+1O
1.893E+I0
9.400E+09
9.405E+09
1.720E+09
1.720E+09
I.91OE+1O
1.91OE+IO
9.460E+09
9.463E+09
1.798E+09
1.798EW9
1.911E+I0
1.912E+I0
9.545E+09

I 9.560E+09
1.873E+09
1.874E+09
2.049E+12
2.047E+12
1.026E+12
1.027E+12
2.048E+I1
2.048E+11
2.061E+12
2.063E+12
1.024E+12
1.024E+12
2.033E-I-11
2.035E+11
2.046E+12
2.049E+12
1.030E+12
1.031E+12
2.058E+11

2.661E-02
2.666%01
2.666E-01
1.320E-01
1.320E-01
2.640E-02
2.640E-02
2.788E+O0
2.788E+O0
L390E+00
1.390E-I-00
2.71lE-01
2.710E-01
2.791E+O0
2.790E+O0
1.394E+O0
1.394E+O0
2.751E-01
2.750E-01
2.791E+O0
2.792E+O0
1.395E+O0
1.396E+O0
2.776E-01
2.776E-01
2.799EH1
2.799E+01
1.400EWI
1.400E+OI
2.795E+O0
2.795E+O0
2.800E+01
2.800E+OI
1.400E+01
1.400E+01
2.798E-KHI
2.799EMHI
2.799E+01
2.799E+01
1.400E+01
1.400E+Q1
2799E@0

1.610E+OI
3.025E+02
3.027E+02
1.518E+02
1.519E+02
3.117E+01
3.119E+01
8.422E+03
8.427E+03
4.190E+03
4.192E+03
7.667E+02
7.668E+02
L701E+04
1.701E+04
8.422E+03
8.425E+03
1.604E+03
1.603E+03
3.406E+04
3.408E+04
1.700E+04
1.703E+04
3.336E+03
3.338E+03
9.006E+05
8.999E+05
4.501E+05
4.509E+05
8.987E+04
8.990E+04
1.81OE+O6
1.812E+06
9.004E+05
9.003E-H35
1.788EW5
1.788E-H15
3.590E+06
3.596E+06
I.81OE+O6
1.811EW6
3.617E+05

5.291E+11
9.942E+12
9.947E+12
4.988E+12
4.991E+12
1.024E+12
1.025E+12
2.767E+14
2.769E+14
1.377E+14
1.377E+14
2.520E+13
2.520E+13
5.590E+14
5.589E+14
2.768E-I-14
2.768E+14
5.270E+13
5.269E-I-13
1.119E+15
1.120E+15
5.587E+14
5.596E+14
1.096Ei-14
1.097E+14
2.959E+16
2.9571H6
1.479E+16
1.482E+16
2.953E+15
2954E+15
5.947E+16
5.954E+16
2.959E+16
2.958E+16
5.877E+15
5.875E+15
1.180E+17
1.182E-I-17
5.946E+16
5.952E+16
1.189E+16

2.058E+I1 2.799EH0 3.617E+05 1.189E+16

2.592E-I-I6
2.591E+16
5.271E+17
5.272E+17
2.608E+17
2.608E+17
5.183E+I6
5.183E+16
1.380E+18
1.379E+I8
6.877E+17
6.879E+17
1.341E+17
L341E+17
2.762E+18
2.761E-I-18
1.379E+18
1.379E+18
2.72.23+17
2.7XE+17
5.523E+18
5.525E+18
2.761E+18
2762E+18
5.494E+17
5.494E+17
1.385E+19
1.385E+19
6.926E+18
6.925E+18
L383E+18
1.383E+18
2.771E+19
2.771E+19
1.385E+19
L385E+19
2.769E+18
2.770E+18
5.540E+19
5.540E+19
2.770E+19
2.770E+19
5.539E+18
5.540E-I-18

Table F.2-4 Key Results from NARK UDX Sensitivity Calculations (Continued)

dxml19 1.041EW5 1.791E+07 2.661E-02 1.609E+OI 5.288E+I1

,.

,.
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APPENDIX G
Thermal-Hydrology (THX) Model Features

The BMGFLO_T code, used in the THX model, is a transient multi-phase (water and
vapor) fluid and energy simulator. It has been used extensively in repository
performance assessments in its current form (Rechar~ 1995b) and its isothermal form
(WIPP 1992)a. The enhancements include the addition of the energy balance equation
and the incorporation of thermal effects on both fluid and rock properties. The code also
contains submodels that predict gas and water consumption/production as a result of
waste package corrosion, and a submodel that predicts the energy released as the result of
radioactive decay of the waste. BIL4GFLO_T also includes many features and solution
techniques used in TOUGH2 (Pruess, 1991), such as effective continuum approximation
for modeling fractured porous medi% vapor pressure lowering due to capillary pressure
and diffusive mass flux in the gas phase.

The BIU4GFLO_T code uses a finite difference formulation to solve the coupled partial
differential equations (PDEs) that describe the mass and energy balance of a two-
componen~ two-phase system. Fick’s law and a multi-phase extension of Darcy’s Law
are used to describe the fluid flow. Heat is transported by conduction and convectio~ the
latter including both sensible and latent heat. . The following governing partial
differential equations solved by BWGFLO_T

Component mass balance equations (i=l ,2):

[

~. w,p.kk

1
(VP”+p”gvz)+

P“

.
[ 1
“p”k~k(VP. +p”gvz) +

P“

‘[ 1
v.%4%% Vy,~

r

ba fg: +xfq: +y;q: +x:q:1
=a#wf+G.+X,fI!P.Swl

(G-1)



Energy balance equation:

V@VT)+

[ 1
ahflp.kmk(vpm+~mgvz)+v.

Pm

“[
v h=pwkmk

1
(VP. +pwgvz) +

P.

a[%9: +E9: +K9: +K9:1

=c@@.P”% +uwP.s)l+%#boPrurl

(G-2)

In the component mass balance equation, the mass must be compositional with respect to
i, where i is equal to 1 for the noncondensable component (air), and 2 for the condensable
component (water). Subscripts w and n refer to the wetting and nonwetting phases,
respectively, while subscript r refers to the rock. Superscripts are used to distinguish the
origin of a source/sink te~, s refers to wells, and c to chemical (and nuclear) reactions.

The power output of the event(s) was assumed to be a fiction of both space and time,
which then can be defined as a power density relation. For the THX calculations, two
difilerent space power density functions (SPDF’S)were used

[J]cos($r)NH(r, t) = NH.OH1
(G-3)

N~(r,t) =N,,. sin(+s(~r)
(G-4)

where Z?~and Ns represent the Heaviside and sinusoidal power density functions, NH,O

and A(s,oare the power density constants [J/(s*m3)], ~is the power generation period [s],
and r. is the radius of the heat generation zone (HGZ) [m].

The size of the critical events described here ranged from 2 x 1018to 1.5 x 1020fissions
per event. (Trivial thermal pulses were obtained at values less than the mhirnum.) The
total energy release~ Eo, for a given event is related to the number of fissions by the
conversion factor, 1.0 fission s 30.4 x 10-12 J. The power densi~ COnS~tS
(normalization parameters), NEO and Ns,o were found by integrating the above space
power density fimctions over the spherical space domain (FO to Fro) and in time (GO to
~~, yielding,

N H.o=

4zr‘i%)]
(G-5)
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The THX model consisted

(G-6)

of a l-dimensional (l-D) sphere containing a mixture of host
rock (volcanic ~, water, and fissile material. These calculations involved *O different
types (or profiles) of excursion pulses, three different heat generation zone radii, and
several different total input integrated fissions (energy). The computational reds
yielded the time behavior for power and geological repository responses (i.e., saturation,
thermal, flow histories). A total of 45 THX calculations were completed using the
experimental version of BRAGFLO_T in the NDCA study. Knowledge of the saturation
and temperature histories allowed the corresponding “recycle” times to be computed.
The “recycle” time is simply the time period for some dependent variabIe (i.e., saturation
or temperature) to return to the initial condition. These saturation and temperature
“recycle” times were then used to identi~ integrated fissions resulting from geologic
repository criticalities.

symbols:
Dv

E

N
P

s
T

u
z
;

k
kff
k,

a
v

r.

gas -Ion coefficient of component i in a mixture of i andj [m2/s]
energy [~
power density fiction [J/(m3m)
pressure pa]
saturation [dimensionless]
temperature ~]
internal energy [Jl
elevation [m]
gravitational acceleration [m/#]
enthalpy [J/kg]
permeability [m2]
neutron multiplication factor [dimensionless]
relative permeability [dimensionless]
sourcek.nk term ~g/(m3w)]
radius [m]
time [s]
mass fkction of component i in the wetting phase [dimensionless]
mass tition of component i in the nonwetting phase [dimensionless

dimensionless-dependent geometry term

[(lD=Ay& m2),(2&Azj m),(3D=l, dimensionless)]
del (gradient) operator [dimensionless]
power generation period [s]
density ~g/m3]
porosity [dimensionless]

.,

.,

,.

,.

:.
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G.1 Discretization

A sphere of welded ti, 500 m in diameter (see diagram in Figure G.I-l), containing a
sphericalheat-generatingzone (due to the critioalassembly) that is either ro= 0.5, 1.0, or
1.5 m in radius, was simulated using 200 one-dimensional (radial) finite difference grid
blocks. The geometry was modeled as a hemisphere (by symmetry) and was discretized
in the radial direction such that the each grid block contained a geometrical volume that
is at most 1.5 times larger than the next grid block volume to the interior. The spherical
discretizition was fine enough that each grid block volume was at most 0.75 times the
sum of all interior grid block volumes. Starting with an interior radius of 0.05 m, 200
grid blocks were used to model the 500 meter radius sphere, of which the first 30 grid
blocks were used to contain the heat generation zone. The spherical geometry is
approximated using Cartesian coordinates; hence, element thickness (AZ) values were
computed as a ilmction of the internal and external radius of the grid block to conserve
volume. Incorporating symmetry into the spherical geometg model, only 27csteradians
of the sphere were necessary, yielding the relationship

J4V)
Ax

(G.1-1)

where rOis the external radius of an ind.ivid~ grid block, ri is the intem~ radius Of ~

individual grid block and AX is equal to rO- ri. ~US, the vol~e of the @d block is

equal to zIX’ZIYOAZ,where zIY= 1.0. The detailed grid block dimensions for each of the
unique rO(radius of the spherical heat generation zone) mte difference grid (or mesh)
are displayed in Figure G.1-l.

HeatOeneradon2%ne
(HOZ).M- ofhost
IV* Iissiiematerial, r

Y
and water

host rock and water

Figure G.I-l. HGZ assembly zone used in the THX calculations.
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G.2 Initial and Boundary Conditions

The welded tuff was assumed to have several different initial saturation values of 65%,
75Y0,and 85%. The remaining void space in the pores was assumed to be filled with gas
(air). To impose these conditions the BRAGFLO_T calculations were begun witk an
initial water pressure of -1.20477x10G P% -7.57500x10s P% and -3.98000x105 Pa
(corresponding to the 65%, 75% and 85% saturation values, respectively), an initial gas
(air) pressure of 1.1 X105P% and an initial temperature of 299.15 K. (The negative initial
water pressures are a result of the capillary pressure Iimctio% PC= PW- Pn. Using the
capillary pressure fimction vs. saturation, the initial saturation can then be determined
(Rechard, 1995b).)

No flow (i.e., Neumann type) boundary conditions were imposed on the mass flux at both
ends of the problem domain. Since heat was assumed to be transported only from the
surface of the sphere, the boundary heat loss option of BIL4GFLO_T was used for the
extreme boundary condition (r = m). M the center of the sphere, r = O, a Ne~-
boundary condition was imposed on the energy flux. Results from the THX model can
be found in Section 5.3.



APPENDIX H
P= Model (SLAM)

(Rough Order of Magnitude Analysis of the Probabilities for FEPs Resulting in a Critical
Even~

H.1 Overview

This appendix presents net findings from a prehninary probabilistic risk assessment
(IRA) used to estimate rough order of magnitude (ROM) values for the probabilities of
nuclear criticality for spent nuclear fiel disposed in the Yucca Mountain repository. This
PRA approach was used at the present time because the IWOalternative methods for
obtaining criticality probabilities, “Hybrid Abstraction” and a Particle-In-a-Cell (PIC, a
code that includes all applicable physics necessary to model criticality initators) code
were not available. At the present time, the modeling of criticality scenarios within the
Yucca Mountain repository have not reached a high level of maturity. The set of system
submodels important to nuclear criticality (corrosion allowance material-outer canister
material, corrosion resistant material - inner low corrosion rate canister material, fuel
cladding, etc., have not all been appropriately modeled to the extent that probabilities for
criticality can be determined accurately. There is a good confidence in the existing PIM
methodology, however, there isn’t enough resolution in cment PA models, especizdly
those corrosion, to adequately determine waste package product probabilities that could
lead to a criticali~. In order to get a fi.udamental basis for the probabtity of critical
events, a rough order of magnitude (ROM) analysis was pefionned using a PIW
approach using the simulation code “SLAM”. Detail discussion of the PWSLAM
model is not provided here since the PRA model is currently being upgraded and the
SLAM code will be replaced wi~ the SAPHIRE code. Updated reqdts will be published
in the near Mure by the INEEL participants in the NDCA project.

The PWSLAM results, using assumed upper limit probabilities for modeling
parameters, identified that criticality may occur in the in situ or the near-field over a
100,000-year period (only under high water infiltration rates) and is very unlikely in the
far-field. Far-field criticalities are very difilcult to generate since reconcentration of
transported fissile material would require very exoeptiond conditions to occur. The
prelimhary PIL4 presented a ROM estimate of approximately WO in situ or near-field
criticalities occurring per 100,000-year period when experiencing high water infiltration
periods (i.e. glacial conditions).. These criticalities are not of major concern because they
would result in only a very small increase in the fission yield products. The quantity
(magnitude) of these additional fission yield products is so small that when these values
are integrated into the source term radionuclide inventory, their contribution would be
orders of magnitude less than source term inventory values at time of repository closure
(see Sections 6 and 7).

It is important for the reader to understand that even though prelimhary criticality
analysis results (probabilities) are presented in this appendix in event tree/fault tree
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forma~the resukswereobtainedb yusinga simulationc ode. Ingeneral, event tree/fault
tree PRA methodology are not capable of modeling the detailed performance of geologic
repository and predict probabilities for conditional scenarios leading to criticality. The
reason is that many of the event probability dktributions are a function of time and have
conditionally dependent event-timing. However time-dependent conditional scenarios
can be modeled in Monte-Carlo simulation codes (in the time domain). The calculation
of the distribution for the time-to-failure values of the waste packages were done with the
simulation code “SLAM”, with a total of 313,100 trials (100 per DOE package) run in the
Monte-Carlo simulations. Post-processing of these simulations was then conducted to
estimate generalized probabilities for key events. Key DOE-owned fiel features are
identified in Table H. 1-1, H. 1-2 and Hi-3. The results are present in appendix sections
H.2 and for H.3 for short- and long-term infiltration rates.

H-2



(a) For this analysis, b< .95 was assumed to be subcritical because this is a probabilistic analysis, not
a worst-case deterministic one.

(b) See Tables C.I-l and C.1-2 and Rechard 1997 for more details of fiel types.”
(c) Unpoisoned structure cofiesponds to degraded in situ geometry with loss of boron but iron oxide

supports the intact fiel elements.
(d) Collapsed fhel rod configuration corresponds to corroded and collapsed berated stainless steel

supports aud collapse~ but intac$ fiel elements.
(e) SlmTYconfiguration corresponds to a geometry where all components have lost integrity and

structure. Some fiel types are categorized by the remaining percentage of initial package neutron
poison content.

(f) See Ref. RW 1997.

“.
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Table H.I-l. Fuel Type and Degraded Configuration Subcritical Mass (kg) Limits (a)

Fuel Type (b)
~ Collapsed (d)

Structure Fuel Rods
Slurry (e)

Safe (>3% poison)

ATR - Aluminum Safe NA 14.4kg (lYo poison)
10kg (no poison)

N-Reactor Safe Safe
Safe (QOOkg nonstratified)

150kg (stratified)
Shippingport Safe Stie NA
Ft. St. Vrain Safe Safe NA

Stie (>3%0 poison)

Tnga Flip Safe ‘ NA 14.4 kg (1% poison)

10 kg (no poison)

Triga Standard Stie NA S&e

Westinghouse PWR See RW (f)



Table H.1-2. Number of Potcntinlly Critical I%ckagcs pcr IhWWastc Type (a)

Fuel No. Of
No. of PkgsContaining‘W (~) Fractionof DOE(c) No.of Pkgs Containing (d)

Category
Fuel Typc with a Mass Greater Than Packages at Critical ‘SU With a Mass GreaterPackages

Credible Criticai Mass Mass (3,131 Pkgs) Than Criticality Cutoff
1 N-Reactor 115 100 (>216 kg) 0.03 100
2 HWcl’it 7 NA . NA
3 Fermi 70 NA . NA
4 PBF 417 NA . NA
5 TMI 361 NA . NA
6 ATi{, MTi{ 504 380(z10kg) 0.12 17
7 FRR 26 NA . NA
8 N. St, Vmin 139 0 0 0
9 Pcacll DO11OIII 26 NA - NA

10 FFTF 5 NA . NA
11 EBRII 123 NA - NA
12 Shippingport 65 0 0 0

13
Triga Standard 76
Triga FLIPP 26

7 (>10 kg) 0.0036 2

14 Commercial (PWR) 4,820 Scc RW (e) . See RW (e)

15 Commercial (BWR) 2,859 See RW (e) - See RW (e)
16 HLW glass 11,353 0 0 0

,.
,, . . . . .,

\

DOE SNF 1,960

TOTAL All SNF 9,639
Ali Packages 20,992

(a) See Tables C,I-l and C.1-2 for more details of fuel type,
(b) Number of packageswith mass greater than potential (only for siurry degraded configuration with major loss of initial poison material,

see Table H. 1-1) credible critical mass,
(c) Fractional representation of column 4 values (based on total number of DOE SNF and HLW packages = 3,131.)
(d) Based on criticality mass cutoff.
(c) See Ref. RW 1997,



Table H.1-3. Major Models Containing Component Events Leading to Possible
Criticality Conf@mations.

Scenario Attributes
Model and Component ShortTerm(S) Probability(P)Rate(R)

Description LongTerm(L) Duration(D)

Water Infiltration Model
Presentinfiltrationmode s/L PRD
Globalwarmingeffeots s PRD
Fastpercolationeffect s/L Pm
Lensing sfL PR
TunnelBarriereffects s/L ‘ PRD
Geothermaleffeots s Pm
Glacialweathereffkcts L Pm
Glaciallocalmax L PR
Worsteaseglacialonset L PRD

Package/Fuel Degradation Model
Caskcorrodes SL PD
Supportstructurefails s/L P
Fuelstructurefails s/L PD
Boronremovalkaskflooding s PD

Criticality Configuration Model
In-situ-slurryatbase SIL PD
In-situmatrixintact Sk PD
Near-FieldFueldissolution “ SIL PD
Far-Field-Fuelmigration SIL PD

H-5
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H.2 Short-Term Infiltration Events Leading to Criticality

Theevent tree in Figure H.2-l comesponds togroundwater in.fWrationduetoshort- term
events which are expected to occur over the fust 300 to 500 years. The dominate
phenomena during this time may be expected to include: (1) short-term infWation, (2)
global warming, (3) reflux (flow back of thermally transported pore water), (4) thermal
halo (the thermally induced drying of host rock adjacent to waste package drifts), and (5)
tunnel barrier (also known as the French Drain Scenario where thermally induced stress
Iiactures around the driti lead to a capilkuy barrier that diverts water around the tunnel,
further discussion can be found in Appendix K). The key feature of the short term event
tree analysis is the infiltration rate for which distribution values are tentative and are
expected to change as new tionnation becomes available. The dktribution values for
the short-term infiltration are computed in Figure H.2-1. From this figure it can be seen
that the output infiltration values are listed on the tree for tracking purposes, they do not
tie directly into probabili~. Probabilities at each level of infiltration are presented in
Figure H.2-2.
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Figure H.2-I Short-Term Infiltration Model

Present GloiIrrl Frrst Lcnsing Tunllcl “fllcrnull “Sunncl

Short Warm Pert 13nrricr Eff’eels Collilpsc

P G F L B T c SEQ // END-STATE-NAMES FREQUENCY

16rnmtyr 1 HALO-Q/BAR-COLL 0.0056
,5

40 mm)yr .9
.1

0 mmlyr 2 HALO-Q/BARRtER 0.0056

10 mmtyr
10 mmtyr

3 HALO-QUENCHED 0.0013
.5I 4 HALO-Q/BAR-COLL 0.0056

10 mmtyr 5 HALO-Q/BARRIER 0.0056

10 mmtyr .25 6 HALO-Q/NO-BARRIER 0.0013

7 HALO-Q/BAR-COLL 0.0169

20mmtyr 8 HALO-Q/BARIUER 0.0169
.7s

9 HALO-QUENCHED 0.0038

.1 202mmh 10 HALO/BAR-COLL 0.0084
505mmtyr

5 mmtyr I O mmlw 11 BARRIER 0.0084
0 mmlyr ,5

4 12 NO-THERMAL/BAR-COLL 0.0084
4 0 mmlyr

‘ 5mm/yr 6 mmlyr 13 NO-THERMAL/BARRIER 0.0084
505mmtyr

5mmtyr 14 NO-BARIUER 0.0019

15 NO-THERMAL-FX 0.0019
.9 16 HALO-Q/BAR-COLL 0.2025

0 mmty7

17 HALO-Q/BARRIER “ 0.2025
20 mmlyr 18 HALO-QUENCHED 0.0450

20mmtyr

505 mmtyr
THERMAL-FXBARRIER 0.1013

6mmtyr THERMAL-FX/BARRIER 0.1013
0 mmtyr

2mmlyr
O mmlyr

NO-THERMAIJBAR-COLL 0.1013

NO-THERMAIJBARRIER 0.1013
5mmlyr

505mntyr 23 THERMAL-IVUNO-BARRIER 0.0225
6 mmtyr

I
5mmtyr 24 NO-THERMAJJNO-BARRIER 0.0225

1IAI.() - Ihcrmnl CITCCIS nrc posshlc nt hdillration rnlcc 7 mntiyr. ‘1’HERMAL-FX - rcllux of in-pore wntcr cnn occur
IIAM)-Q - Iilcrmd cffcclsqucncllcdby inlilkrrtion>7 nunlyr. NO-T1 lERMAL - thcrmnlcfl’ccts m not possible
IIARRiI~R- lunncl cnn act ns n cnpiilnryImrricr,
I]AR-COLL- kmncl rrctsns n brrrricr,but hnscoiiupscrl.

even nt infiltration rntc <7 mntiyr.

NO-13A1U{iMt- Iunnci(lucsnot net ns n copilirrryImrricr.
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H.3 Long-Term Infiltration Events Leading to Criticality

The event tree in Figure H.3-1 corresponds to groundwater infiltration due to long-term
climatic events which are expected to occur during the next 25,000 years if glacial
conditions exist. The dominate phenomena during the time includes: (1) present long-
term infiltratio~ (2) glacial weather, (3) glacial local maximum precipitation, (4) “worst
case” precipitation (essentially assuming that the next set of ice ages starts within a few
hundred years and results in an increase in precipitation for 80% in the next 100,000
years, (5) fast percolation, (6) Iensing, and (7) old tunnel barrier (capillary barrier). The
key f=ture of the long-term event tree analysis is the large infihration rate distribution.
The distribution values for the long-term infiltration are computed in Figure H.3-1.
Probabilities at each level of infiltration are presented in Figure H.3-2.

,.
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Figure H.3-I Long-Term infiltration Model

Present Glacial GLM Worst Fast Lenslng Old

Longt. Weather Prec. Case Pert Tunnel
Barrier

PRES GC GLM WORST FP LEN CTB SEQ #

4
4
.
>

6 mmlyr
.9

.1

5 mmtyr

0.20

0,80

26 mmlyr

.9
WI mmlyr 320 mmtyr

.5 8W mmtyf.
‘ 1

2
200 mmlyf,

.5 200 mmtyr

60 mmty7

‘ox’----i?ww--mx I;
60 mmty7 r,. . . ~50mdvr..2o I .

0,76 9
10 mmtvr 10

11
12

100 mm~r 13

24 mmfyr 14

25 mm.tyr . 15

, 16

--i

0.75 17

5 mmlyr I 20 * 18
I

21

22

23
24

END-STATE-NAMES

GWORSTLB’MoP
GWORSTL%P
GWORSTB

GWORST

GGFLBYoT%P

GGFLYoT%P

CGFB%T

GGFVOT

GGLB?40P

GGL?40P

GGB

GGLATIAL

GFLB%T??oP

GFL%T%P

GFB%T

GFYoT

GLB%P

GL%P

GB

GLATIAL

PLBYoP
PL70P

PB
PRESENT

FREQUENCY

0.0405
0.0045
0,0405
0.0045
0.0101
0.0011
0.0101
0.0011

0.0304

0.0034

0.0304

0.0034
0.0810

0.0090

0.0810

0.0090

0.2430

0.0243

0.2430

0.0243

0.0450

0.0050

0.0450
0.0050

1St G. glacial COfldHfOnS OCCUr. O/OT- iufiltmlion cxpcricnccd only 20°/0of time,
Znd G . GLM level of precipitation occurs.

WORST - worst-case level of precipitation occurs.
F. “FAST pERC” conditions occur.

L - Lensing (absence of any letter- - event did not occur).
O/OP- small O/Oof20,900 packages cxpcricncc in-pore moisture recycled by thenmd halo.

B - old tunnel acts as a limited Caplllaw barrier,
p or pl{ESEN~. ~~l>rcscllt”Icvcls of PrcciPitntioll (sllltl~yr) for entire time period

.
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I?igure H,3-2. Computed Distributionfor Long-TermInfiltrationEvents (a)

I

0,25

0,1

. 0.05

0

. .

: : ALLi’J.u
2 4 5 8 10 18 20 25 40 50 80 100 200 320 800

Infiltration (mm/yr) “

(u) ‘SCCFigure 11,3-1forevent t;ce whichis usedto calculalcthediskibulionfor long-tcrrninfiltrationvalues.

,’,‘1
-1

I


