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12 STRUCTURAL PERFORMANCE OF ENGINEERED MATERIALS 
CREEP, EMBRITTLEMENT, AND EARLY FAILURE MECHANISMS 

Ankem, R. and T. Wilt.  10/24/2007.  “A Literature Review of Low Temperature (<0.25T mp) 
Creep Behavior of a, a-ß, and ß Titanium Alloys.”  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  October 2007.  
20.14002.01.191, Q200710250006, ML072060401 

This report surveys the current literature available in the public domain for information 
pertaining to the long-term, low temperature creep behavior of Titanium Grades 7 and 24 or 
reasonable surrogates.  Specifically, this report investigates the creep mechanisms of slip, 
twinning, grain boundary sliding, alpha-beta interface sliding, Widmanstatten colony boundary 
sliding, and stress-induced martensite.  Additional parameters such as the microstructure of 
phases, chemical composition, texture, stress type, and cold work are also evaluated.  

Ankem, S., P.G. Oberson, R.V. Kazban, K.T. Chiang, L.F. Ibarra, and A.H. Chowdhury.  
08/30/2007.  “An Investigation of the Low Temperature Creep Deformation Behavior of Titanium 
Grade 7 and Grade 5 Alloys.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses.  August 2007. 
20.06002.01.342.740, Q200708300002, ML071900315 
 This study focuses on the creep deformation behavior of Titanium Grade 7 and Grade 5 
at temperatures ranging from 25 to 250 °C [77 to 482 °F] and at stress levels ranging from 40 to 
100 percent yield stress.  In particular, the creep behavior of both titanium alloys is evaluated for 
a range of stress levels at the constant temperature of 150 °C [302 °F ], and for a range of 
temperatures at the constant stress level of 85 percent yield stress of the corresponding 
material.  This investigation includes:  (i) analysis of the creep curves including determination of 
the activation energy for creep deformation, (ii) characterization of the as-received plate 
microstructures using optical and scanning electron microscopy, and (iii) transmission electron 
microscopy of the creep specimens. 

Chan, K.S.  09/28/2007.  “Revised Draft Journal Article:  An Assessment of Delayed Hydride 
Cracking in Zirconium Alloy Cladding Tubes Under Stress Transients.”  Journal of Nuclear 
Materials.  Elsevier Inc.  2007. 
20.06002.01.222.740, Q200710010001  

Hsiung, S.-M. and S. Mohanty.  “An Abstracted Model for Assessing the Effect of Seismically 
Induced Rock Fall on the Waste Package Performance for High-Level Radioactive Waste 
Disposal.”  PSAM 5-Probabilistic Safety Assessment and Management.  S. Kondo, K. Furuta, 
eds.  Frontiers Science Series 34.  Universal Academy Press, Inc.  Tokyo, Japan:  Vol. 3.  
pp. 1,581–1,588.  2000. 

Ibarra, L., T. Wilt, G. Ofoegbu, and A. Chowdhury.  01/23/2007.  “Structural Performance of 
Drip Shield Subjected to Static and Dynamic Loading.”  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  January 2007. 
20.06002.01.342.720, Q200701230005, ML070240131 
 The report presents the result of a modeling study in which the drip shield structure is 
modeled using both a finite element model (ABAQUS) and an equivalent frame model 
(SAP2000).  The finite element model verifies the structural response obtained from the drip 
shield frame model, and it provides information about the moment-rotation relationships of the 
drip shield sections and equivalent spring constants to account for drip shield–rubble interaction. 
The frame model is then used to evaluate the structural performance of the drip shield based on 
sensitivity studies and seismic analyses. 
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Ibarra, L., T. Wilt, G. Ofoegbu, R. Kazban, F. Ferrante, and A.H. Chowdhury.  02/19/2007.  
“Drip Shield-Waste Package Mechanical Interaction.”  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  June 2006.  
20.06002.01.342.710, Q200702200001, ML070520335  

This study evaluates the potential mechanical interaction between the drip shield 
and the waste package caused by a collapsed drip shield system.  This interaction is 
evaluated by means of finite element models developed in ABAQUS.  The models include 
(i) two-dimensional, plane strain models of simple geometry but a very refined mesh, and (ii) a 
three-dimensional model that reproduces the overall performance of the drip shield-waste 
package interaction.  The three-dimensional modeling is used to verify some of the assumptions 
adopted in the plane strain models, and to estimate the contact length of the bulkhead.  A 
sensitivity study is performed to evaluate the effect of demand and system parameter variation 
on the waste package capacity.  The main results have been used to generate abstractions to 
update the Total-system Performance Assessment computer code. 

Jain, V., D. Daruwalla, and C. Fairbanks.  04/03/2003.  “Assessment of Mechanisms for Early 
Waste Package Failures.”  CNWRA 2003-05.  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  March 2003.   
20.06002.01.081.310, Q200304090001, ML040350562 
 This report reviews the DOE methodology for estimating early waste package failures 
using simulation data from the expert-system based simulation RR-PRODIGAL code and 
event-tree analysis to quantify probabilities of failure for various manufacturing defects 
(CR\/VMS M&O, 2000a).  In addition, this report provides a review of other available 
information, and an analysis of weld flaws for the outer-lid closure weld. 

Sridhar N, G.A. Cragnolino, D.S. Dunn, and H.K. Manaktala.  04/21/1994.  “Review of 
Degradation Modes of Alternate Container Designs and Materials.”  CNWRA 94-010.  
San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  April 1994   
20.05704.045.201, Q199404280001, ML033630647 
 This report considered the  performance of alternate container materials, including 
materials being considered for multipurpose canisters (MPCs), which would be a completely 
sealed canister containing spent fuel bundles that could be transferred within overpacks from 
the plants through intermediate storage sites to the eventual disposal site.  The review focused 
on the structural characteristics of the MPC and noted that the mechanical integrity of the MPC 
materials, especially in the welds, can be impaired due to embrittlement under long-term 
exposure to temperatures of 200–300 °C. 

Sridhar, N., B.E. Wilde, C. Manfredi, S. Kesavan, and C. Miller.  06/27/1991.   
“Hydrogen Absorption and Embrittlement of Candidate Container Materials.”  CNWRA 91-008.  
San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  1991. 
20.03704.041, Q199107090036, ML40330594 
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Tszeng, T.C.  09/18/2008.  “Review of Analysis of Mechanisms for Early Waste Package and 
Drip Shield Failure.  Fifth Revision.  San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses.  September 2008.  
20.06002.01.322.630, Q200809180004, ML082630079 
 This report addresses possible mechanisms for early failure of waste packages and drip 
shields that may allow water ingress into the failed waste package and lead to early release of 
radionuclides.  In particular, this report reviews the early failure analysis of the waste package 
outer container and drip shield related to manufacturing-induced defects presented in the 
U.S. Department of Energy report titled Analysis of Mechanisms for Early Waste Package/Drip 
Shield Failure. 

Wilt, T., A. Chowdhury, and T. Ahn.  10/22/2010.  “A Literature Review of the Structural 
Integrity of Analog Canisters.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses.  October 2010.  
20.14002.01.441, Q201010220001  
 This report documents a literature review used to evaluate the structural behavior of 
DOE standardized spent nuclear fuel canister, Idaho Spent Fuel Project canisters, multi-canister 
overpacks, and high-level waste canisters.  These canisters can be considered analogous to the 
transportation, aging, and disposal (TAD) canister concept DOE has proposed.  The primary 
objective was to investigate different types of canisters and their structural robustness when 
subjected to a drop event at a number of drop orientations and heights.  The process used to 
develop structurally robust DOE canister designs includes (i) using limited small- or full-scale 
testing to evaluate the proposed canister design, (ii) using visual inspection and pressure testing 
of dropped canisters to verify structural integrity, and (iii) comparing small- and full-scale test 
results with the corresponding three-dimensional finite element analyses that provide detailed 
stress–strain distributions to further examine canister structural integrity.
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13 ROCK MECHANICS AND EXCAVATION STABILITY 

Ahola, M.A.  05/22/1997.  “A Parametric Study of Drift Stability in Jointed Rock Mass–Phase II:  
Discrete Element Dynamic Analysis of Unbackfilled Drifts.”  CNWRA 97-007.   
San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  June 1997. 
20.05708.761.740, Q199710210003, ML040200090 
 This report presents a discrete element analysis using the code UDEC (Version 3.0) to 
investigate the effect of repeated seismic loading, with peak underground accelerations ranging 
from 0.2 to 0.4g, on cumulative joint slip and failure around a heated and unsupported 
emplacement drift in the proposed repository at YM. 

Ahola, M.P., R. Chen, H. Karimi, S. Hsiung, and A.H. Chowdhury.  09/01/1996.   
“A Parametric Study of Drift Stability in Jointed Rock Mass–Phase I:  Discrete Element 
Thermal-Mechanical Analysis of Unbackfilled Drifts.”  CNWRA 96-009.  San Antonio, Texas:  
Center for Nuclear Waste Regulatory Analyses. September 1996. 
20.05708.671.640, Q199701230006, ML040230678 
 The objective of this study was to identify thermal and site specific natural phenomena 
and rock mechanical and thermal parameters that may significantly influence the pre- and 
postclosure performance of the repository under heated and seismic conditions.  In Phase I, a 
distinct element computer code (UDEC) was used to conduct a parametric investigation of 
emplacement drifts without backfill, rock support, and seismic load for 100 yr of heating. 

Brady, B.H.G., S.-M. Hsiung, and A.H. Chowdhury.  01/01/1990.  “Qualification Studies on 
the Distinct Element Code Universal Distinct Element Code (UDEC) Against Some Benchmark 
Analytical Problems.”  CNWRA 90-004.  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  January 1990.   
No comments available.  20.03704.033, Q199112190002, ML040690187 
 This report presents the results of studies which assess the performance of the 
two-dimensional distinct element code, UDEC, in analysis of some benchmark problems in the 
mechanics of discontinuous rock. 

Brandshaug, T., B. Dasgupta, B.H.G. Brady, S.-M. Hsiung, and A.H. Chowdhury.  
02/01/1990.  “Qualification Studies on the Finite Element Code Hondo II Against Some 
Benchmark Analytical Problems.”  CNWRA 90-006.  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  February 1990. 
20.03704.033, Q199107230015, ML040690163 
 This report presents the results of studies that assess the performance of the 
two-dimensional finite element code, HONDO II, in analysis of some benchmark problems in the 
mechanics of discontinuous rock. 

Fox, D.J., D.D. Kana, and S.M. Hsiung.  “Influence of Interface Roughness on Dynamic Shear 
Behavior in Joint Rock.”  International Journal of Rock Mechanics and Mining Sciences.  
Vol. 35, No. 7.  pp. 923–940.  1998.  

Ghosh, A. and S. Hsiung.  07/29/2011.  “Effects of Tilted and Faulted Strata on Seismic 
Ground Motion.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  
July 2011.  
20.14002.01.441.160, Q201107290006, ML112130151 
 Draft knowledge capture report 
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Ghosh, A., S.-M. Hsiung, and A.H. Chowdhury.  06/27/1995.  “Seismic Response of Rock 
Joints and Jointed Rock Mass.”  CNWRA 95-013.  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  June 1995.  
20.05704.037.095.001, Q199507190003, ML040210700 
 This report summarizes one component of the activities conducted in the Rock 
Mechanics research project. 

Ghosh, A., S.-M. Hsiung, and A.H. Chowdhury.  09/26/1995.  NUREG/CR-6388, “Seismic 
Response or Rock Joints and Jointed Rock Mass.“  Washington, DC:  U.S. Nuclear Regulatory 
Commission.  1995. 
20.05704.037, Q199511070004  
 Also published as CNWRA 95-013. 

Ghosh, A., S.-M. Hsiung, D.J. Fox, A.H. Chowdhury, and D.D. Kana.  09/28/1995.  “Rock 
Joint Model Development for Cyclic Loads.”  CNWRA 95-022.  San Antonio, Texas:  Center for 
Nuclear Waste Regulatory Analyses.  September 1995. 
20.05702.623, Q199601050009  

Hsiung, S.-M. and A.H. Chowdhury.  07/26/2011.  “Seismic Effects on Soil-Structure 
Interactions.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  July 2011.  
20.14002.01.441.172, Q201107260005, ML112081622 

Hsiung, S.-M., W. Blake, A.H. Chowdhury, and T.J. Williams.  03/01/1993.  “Effects of 
Mining-Induced Seismic Events on a Deep Underground Mine.”  Pure and Applied Geophysics. 
Vol. 139, Nos. 3/4.  pp. 741–762.  1992.   
20.05704.034, Q199304140003  
 This paper assesses the performance of an underground excavation at the Lucky Friday 
Mine in the Coeur d'Alene Mining District of Idaho that was subjected to repetitive episodes of 
mining-induced seismic activities.  Step changes in displacement or in excavation closures were 
explained by the concept of stick-slip on joints or bedding planes within the rock mass.  Through 
this mechanism, joint displacement is accumulated at joints or along a bedding plane in a 
progressive fashion, weakening the rock mass around an excavation and making it more 
susceptible to seismic impacts.  

Hsiung, S.-M., A.H. Chowdhury, W. Blake, M.P. Ahola, and A. Ghosh.  12/16/1992.  “Field 
Site Investigation:  Effect of Mine Seismicity on a Jointed Rock Mass.”  CNWRA 92-012.  
San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  December 1992.  
20.05704.034.031, Q199301200003, ML040200235 
 This field study at the Lucky Friday Mine in northern Idaho indicated that rock mass 
deformation around an excavation after repetitive episodes of mine seismic events was caused 
by an accumulation of joint shear displacement, which gradually weakens the rock mass.  The 
mechanism of joint displacement accumulation is analogous to stress fatigue phenomena 
commonly observed for natural or artificial materials.  This implies that similar, or even more, 
damage to an excavation may occur due to a number of seismic events with relatively smaller 
magnitudes, as opposed to the damage due to a single seismic event with a very strong motion. 

Hsiung, S.-M., A. Ghosh, and A.H. Chowdhury.  01/31/1995.  “Progress Toward a Fractal 
Representation of Rock Joint Roughness.”  CNWRA 95-004.  San Antonio, Texas:  Center for 
Nuclear Waste Regulatory Analyses.  January 1995.  
20.05702.623, Q199502070001, ML040210608 
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Hsiung, S.-M., A. Ghosh, A.H. Chowdhury, and M.P. Ahola.  11/19/1993.  “Evaluation of 
Rock Joints Model and Computer Code Universal Distinct Element Code (UDEC) Against 
Experimental Results.”  CNWRA 93-024.  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  December 1993.  
20.05704.033, Q199401030007, ML033640188 

Kana, D.D., D.J. Fox, S.-M. Hsiung, and A.H. Chowdhury.  06/27/1995.  “An Experimental 
Scale-Model Study of Seismic Response of an Underground Opening in Jointed Rock Mass.”  
CNWRA 95-012.  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  
June 1995.  
20.05704.034.095.001, Q199507190002, ML040210700 
 This report describes the design and implementation of simulated seismic experiments 
and results for a 1/15 scale model of a jointed rock mass with a circular tunnel in the middle. 

Kana, D.D., D.C. Scheidt, B.H.G. Brady, A.H. Chowdhury, S.-M. Hsiung, and B.W. Vanzant.  
01/01/1990. “Development of a Rock Joint Dynamic Shear Test Apparatus.”  CNWRA 90-005.  
San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  January 1990.  
20.03704.032, Q199112190003, ML040780170 
 This report describes the design, assembly, calibration, and operation of a rock joint 
dynamic shear test apparatus, as part of the Seismic Rock Mechanics Project. 

Ofoegbu, G.  07/12/2011.  “Analysis of Spatial Variability of Rock-Mass Quality and 
Thermal-Mechanical Effects in Geologic Disposal of High-Level Nuclear Waste.”  San Antonio, 
Texas:  Center for Nuclear Waste Regulatory Analyses.  July 2011.  
20.14002.01.441.178, Q201107120002, ML111930431 

Ofoegbu, G.I., B. Dasgupta, and K.J. Smart.  04/20/2004.  “Thermally Induced Rock Stress 
and Implications for Degradation of Emplacement Drifts at the Potential Yucca Mountain 
Nuclear Waste Repository. San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses.  April 2004.   
20.06002.01.001.441, Q200404270005  
 The report is a short summary of an analysis that was performed to investigate the 
development of thermally induced rock stress in lithophysal tuffs at the proposed 
Yucca Mountain nuclear waste repository and to assess the implications of the calculated stress 
distributions for rockfall and degradation of the emplacement drifts. 

Ofoegbu, G., R. Fedors, C. Grossman, S. Hsiung, L. Ibarra, C. Manepally, J. Myers, 
M. Nataraja, O. Pensado, K. Smart, and D. Wyrick.  04/11/2007.  “Summary of Current 
Understanding of Drift Degradation and Its Effects on Performance at a Potential Yucca 
Mountain Repository.”  Rev. 1.  CNWRA 2006-02.  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  January 2007.  
20.06002.01.342.650, Q200704120017, ML070650462 
 This report is a summary of information and evaluations regarding the degradation of 
emplacement drifts and the effects of drift degradation on long-term performance of a proposed 
Yucca Mountain nuclear waste repository. 
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Ofoegbu, G.I., R.V. Kazban, S. Painter, and C. Manepally.  11/29/2007.  “Modeling 
Progressive Spallation of a Heated Underground Excavation.”  San Antonio, Texas:  Center for 
Nuclear Waste Regulatory Analyses.  2007.   
(Manuscript prepared for an unspecified journal) 
20.14002.01.191.810, Q200711300001  
 This paper demonstrates a continuum finite element modeling approach for coupled 
analysis of progressive roof spallation of a heated underground opening; rubble accumulation; 
and heat flow through the rubble, degrading opening, and surrounding rock.  The analysis 
indicates that thermally induced spallation could be an important drift degradation mechanism 
because the driving stress tends to increase as roof spallation progresses and is sustained by a 
long-persisting far-field temperature distribution. 

Ofoegbu, G.I., R.S. Read, and F. Ferrante.  02/28/2008.  “Bulking Factor of Rock for 
Underground Openings.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  
February 2008. 
20.14002.01.191.820, 20.14002.01.121.830, Q200802290001  
 This draft  report presents the results of a literature review, field work, and laboratory 
testing to examine ways of characterizing the bulking of rock when it breaks up to form rubble. 
The information reviewed includes data from underground excavations near Yucca Mountain, 
surface excavation of rock and soil, and underground mining.  The data were statistically 
analyzed using techniques for summarizing expert opinions. 

Ofoegbu, G.I., K.J. Smart, and B. Dasgupta.  “Assessing Effects of Thermal Loading on the 
Stability of Emplacement Drifts.”  Nuclear Technology.  Vol. 163.  pp. 24–30.  2008.  
ML060970233 

Read, R.S. and G.I. Ofoegbu.  06/14/2006.  “Review of Tools and Techniques to Monitor 
Repository Excavations.  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  
June 2006.  
20.06002.01.191.620, Q200606160002  
 The report provides a summary of tools and techniques for monitoring the stability of 
underground openings in rock that may be applicable to a potential Yucca Mountain repository. 
Monitoring methods typically used in and around underground openings and their suitability for 
monitoring in a repository environment of high temperature and radiation are reviewed.  Means 
of interpreting measurements to identify and characterize damage around the underground 
openings are discussed, along with implications for developing a contingency plan for 
maintenance of the underground openings.
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14 WASTE FORM PROPERTIES AND RADIONUCLIDE RELEASE 

He, X., V. Jain, P.F. Bertetti, and D. Pickett.  01/10/2007.  Revised:  “Evolution of Fluid 
Chemistry Inside a Waste Package Due to Carbon Steel and Simulated High-Level Waste 
Glass Corrosion—Progress Report.  San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses. January 2007.  
20.06002.01.222.630, Q200701100024  
 This report provides a summary of bench-scale experiments examining the chemical 
evolution of in-package solutions produced by corroding carbon steel samples in expected 
groundwater compositions.  The experiments also studied neptunium sorption on the corrosion 
products.  Results indicate that the corrosion processes increased the pH of the solution from 
near-neutral to alkaline (pH >9), accompanied by the formation of iron-bearing corrosion product 
precipitates.  The addition of simulated high-level waste glass further increased the pH of the 
solution.  The corrosion products showed substantial sorption of neptunium, however the 
presence of a small amount of calcite in the corrosion products is a complicating factor, which 
may also contribute to the sorption. 

Jain, V., G. Cragnolino, and L. Howard.  09/09/2004.  “A Review Report on High Burnup 
Spent Nuclear Fuel—Disposal Issues.”  CNWRA 2004-08.  San Antonio, Texas:  Center for 
Nuclear Waste Regulatory Analyses.  September 2004. 
20.06002.01.081.410, Q200409170005, ML043020319 

Jung, H., T. Ahn, K. Axler, R. Pabalan, and D. Pickett.  03/22/2011.  “Corrosion of SIMFUEL 
in Aerated Carbonate Solution Containing Calcium and Silicate.”  San Antonio, Texas:  Center 
for Nuclear Waste Regulatory Analyses.  March 2011.  
20.14002.01.441.124, Q201103230001, ML110820348 
 This report documents the results of a previously unpublished set of experiments that 
evaluated the corrosion behavior of simulated spent nuclear fuel (SIMFUEL).  The purpose of 
the experiments was to confirm a range of dissolution rates of spent nuclear fuel (SNF) in a 
repository relevant environment, specifically under oxiding conditions, and to assess the 
potential effect of radionuclide sorption onto the oxides formed on stainless steel. 

Manaktala, H.K.  “Standard Test Methods for Determining Chemical Durability of Nuclear 
Waste Glasses:  The Product Consistency Test (PCT).”  American Society for Testing and 
Materials (ASTM) Nuclear Energy (I).  ASTM Standard No. C1285-94.  Vol. 12.01.  pp. 1–18. 
1995.  

Manaktala, H.  03/01/1993.  “Characteristics of Spent Nuclear Fuel and Cladding Relevant to 
High-Level Waste Source Term.”  CNWRA 93-006.  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  May 1993.  
20.05702.013.295, Q199305110010, ML040200340 

Manaktala, H.K.  09/01/1992.  “An Assessment of Borosilicate Glass as a High-Level Waste 
Form.”  CNWRA 92-017.  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  
September 1992.  
20.03702.232, Q199209150002, ML033650021 
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Manaktala, H.K.  08/28/1992.  “Leaching of Borosilicate Glass Using Draft ASTM Procedure for 
High- Level Waste.”  CNWRA 92-018.  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  August 1992.  
20.03702.232, Q199209100003, ML033640056 

Mohanty, S., R. Codell, T. Ahn, and G.A. Cragnolino.  “An Approach to the Assessment of 
High-level Radioactive Waste Containment-II:  Radionuclide Release from an Engineered 
Barrier System.”  Nuclear Engineering and Design Journal.  Vol. 201  pp. 307–325.  2000. 

Murphy, W.M.  05/07/1991.  “Calculated Solubilities of Radioelements at 25 C in J-13 Well 
Water.”  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  1991. 
20.03702.065, Q199107160023, ML040210573 

Murphy, W.M. and R.T. Pabalan.  06/28/1995.  “Review of Empirical Thermodynamic Data for 
Uranyl Silicate Minerals and Experimental Plan.”  CNWRA 95-014.  San Antonio, Texas:  
Center for Nuclear Waste Regulatory Analyses.  June 1995. 
20.05704.153.501, Q199507240003, ML040210708 

Experimental and natural analog data indicate that uranyl silicate minerals are likely to 
form as oxidation products of spent nuclear fuel in a high-level radioactive waste repository at 
Yucca Mountain, Nevada.  Although these minerals would control releases of uranium and 
possibly much of the radionuclide inventory of high-level waste, the fundamental thermodynamic 
properties of these minerals required for predictive modeling of their behavior are poorly known.  
This report describes an experimental plan that was  developed to determine thermodynamic 
properties of uranyl silicate minerals through original experimentation and data interpretation.  
The plan involved the study of uranophane, soddyite, and schoepite solubilities at 25, 60, and 
900 °C.  This document also described experiments designed to determine the importance of 
coprecipitation reactions as mechanisms for limiting the release and transport of actinides such 
as plutonium and neptunium. 

Murphy, W.M. and E.C. Pearcy.  09/01/1991.  “Source-Term Constraints for the Proposed 
Repository at Yucca Mountain, Nevada, Derived from the Natural Analog at Peña Blanca, 
Mexico.”  (Manuscript prepared for unspecified journal)  
20.03704.063, Q199110140001  

Murphy, W.M. and E.L. Shock.  “Environmental Aqueous Geochemistry of Actinides.” 
Uranium:  Mineralogy, Geochemistry, and the Environment, Reviews in Mineralogy.  P.C. Burns 
and R. Finch, eds.  Washington, DC:  Mineralogical Society of America.  Vol. 38.  pp. 221–253  
1999. 

Pan, Y.-M., V. Jain, and O. Pensado-Rodriguez.  “Degradation of High-Level Waste Glass 
Under Simulated Repository Conditions.”  Journal of Non-Crystalline Solids.  Vol. 319, No. 1–2.   
pp. 74-88.  May 2003. 

Pearcy, E.C., W.M. Murphy, and P.C. Goodell.  05/23/1990.  “Element Mobility in Uranium 
Deposits of the Sierra Peña Blanca as a Natural Analog of Radionuclide Migration in a 
High-Level Nuclear Waste Repository.”   San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  1990. 
20.03704.062, Q199107170009, ML062430425 
 This manuscript was prepared for the El Paso Geological Society. 
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Pearcy, E.C, J.D. Prikryl, W.M. Murphy, and B.W. Leslie.  05/25/1993.  “Alteration of 
Uraninite From the Nopal I Deposit, Peña Blanca District, Chihuahua, Mexico, Compared to 
Degradation of Spent Nuclear Fuel in the Proposed U.S. High-Level Nuclear Waste Repository 
at Yucca Mountain, Nevada.”  Applied Geochemistry.  Vol. 9.  pp. 713–732.  1994.   

Pearcy, E.C., J.D. Prikryl, W.M. Murphy, and B.W. Leslie.  06/01/1993.  “Uranium Mineralogy 
of the Nopal I Natural Analog Site, Chihuahua, Mexico.”  CNWRA 93-012.  San Antonio, Texas:  
Center for Nuclear Waste Regulatory Analyses.  June 1993. 
20.05704.065, Q199307080003, ML033650119 

Pickett, D.A.  12/01/2005.  “Effects of Spent Nuclear Fuel Uranyl Alteration Phases on 
Radionuclide Dissolved Concentration Limits.”  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  December 2005.  
20.06002.01.222.520, Q200512010005, ML053480220 

Prikryl, J.D.  “Uranophane Dissolution and Growth in CaCl2-SiO2(aq) Test Solutions.”  
Geochimica et Cosmochimica Acta.  Vol. 72.  Pp. 4,508–4,520.  2008. 
ML070800453 
 This paper examines the dissolution and growth of uranophane [Ca(UO2)2(SiO3OH)2 · 
5H2O] in Ca- and Si-rich test solutions.  Uranium-bearing experimental solutions undersaturated 
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15 FLOW AND TRANSPORT   

Radionuclide transport is affected by many mechanisms, including sorption and matrix diffusion.  
Those topics are included in this section, as are hydrogeological models of isothermal 
groundwater flow in unsaturated and saturated rocks. 
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pp. 326–338.  May 2001. 
Q200003020001, 02/11/2000, 20.01402.871.010 
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(Turner and Pabalan, 1999).  Uncertainty associated with mass transport was quantified using a 
two-site, mobile–immobile mass transfer model formulated in the stochastic streamtube 
framework, and an instantaneous point source was assumed.  The authors concluded that the 
effect of physical heterogeneity is important; however, chemical heterogeneity and the 
correlation between K and Kd have minimal effect.  They also found that treating Kd as a spatially 
constant but uncertain parameter greatly overemphasizes the effect of Kd variability.  
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 This paper presents the results of uranium(VI) sorption experiments involving quartz and 
clinoptilolite conducted to evaluate the ability of surface complexation models to predict 
uranium(VI) sorption onto mineral mixtures based on parameters derived from single mineral 
experiments.  Data from the sorption experiments were used in a diffuse-layer surface 
complexation model (DLM) to predict sorption of uranium(VI) onto clinoptilolite/quartz mixtures.  
The DLM reproduced many aspects of the pH-dependent sorption behavior of both quartz and 
clinoptilolite. 
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indicated that uranium(VI) sorption on alpha-alumina occurs at near-neutral pH and increases 
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Reeder, R.J., M. Nugent, and R.T. Pabalan.  “Local Structure of Uranium (VI) Sorbed on 
Clinoptilolite and Montmorillonite.”  Water-Rock Interaction.  R. Cidu, editor.  
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20.14002.01.131.820, Q200803240001, ML080850416, ML080850416 

Sun, A.Y. and P. Bertetti.  10/26/2007.  “Evaluation of the Effects of Physical and Chemical 
Heterogeneities on Flow and Transport in the Saturated Alluvium of Fortymile Wash, Nevada.”  
Final Report.  San Antonio, Texas:  Center for Nuclear Waste Regulatory Analyses.  October 
2007.  
20.06002.01.272.760, Q200710260001, ML073470857 
This report summarized numerical experiments conducted to quantify the effects of subgrid 
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10 m [32.8 ft], depending on the variance of hydraulic conductivities.  The results of reactive 
transport modeling show that retardation introduces at most a two-fold increase in solute spread 
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16-1 

16 AQUEOUS AND VOLCANIC DOSE (BIOSPHERE) 

The main biosphere dose pathways of interest in Yucca Mountain studies were those resulting 
from radionuclides released to the surface environment from groundwater and from volcanic 
ash (tephra). 

Benke, R. and D. Hooper.  05/11/2011.  “Airborne Particle Resuspension and Inhalation 
Radiological Dose Estimation Following Volcanic Events.”  Draft. San Antonio, Texas:  Center 
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 For extrusive volcanism at a geologic repository, the inhalation of resuspended 
radionuclides is expected to dominate other potential exposure pathways in long-term 
performance assessments.  The purpose of this knowledge capture report is to describe, in a 
single document, the concepts and factors that influence the radiological dose calculation for the 
inhalation of resuspended particles contaminated with high-level waste. 
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Tephra: Description of an Abstracted Model”.  2006 International High Level Radioactive Waste 
Management Conference.  Las Vegas, Nevada:  April 30–May 4.  2006.  
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An abstracted model was developed for a total-system performance assessment model 
to gain fundamental insights into tephra redistribution processes and risk to the reasonably 
maximally exposed individual.  An abstracted sediment yield approach was used to model the 
long-term fluvial redistribution of potential tephra deposits in Fortymile Wash, in southern 
Nevada.  Results of this model for fluvial redistribution are used with other inputs to estimate 
airborne particle concentrations, which are important factors for calculating inhalation dose to 
the reasonably maximally exposed individual.   
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R.N. McGinnis.  “Measurement of Airborne Particle Concentrations Near the Sunset Crater 
Volcano, Arizona.”  Health Physics.  Vol. 96, Issue 2.  pp. 97–117.  2009. 
 Airborne particle mass concentrations were measured using a personal sampler under a 
variety of surface-disturbing activities within different depositional environments at both volcanic 
and nonvolcanic sites near the Sunset Crater volcano in northern Arizona.  The level of 
surface-disturbing activity was found to be the most influential factor affecting the measured 
airborne particle concentrations, which increased over three orders of magnitude relative to 
ambient conditions.  Overall, the ground surface material type, depositional environment, and 
percentage of near-surface mass that is resuspendible were not as influential as other factors. 
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 Two separate approaches are available in the TPA Version 5.1 beta code for modeling 
the airborne transport of tephra, tephra redistribution and resuspension, and inhalation of 
airborne particulates in the biosphere following a potential volcanic eruption.  This report 
describes the two abstracted models for tephra redistribution and resuspension for estimating 
inhalation doses to the reasonably maximally exposed individual.  Having two separate 
approaches is intended to provide more realistic estimates of volcanic eruption consequences 
by accounting for (i) wind-field variations along the height of the eruption column, which affect 
the initial deposition of tephra, and (ii) first-order processes affecting fluvial and eolian 
redistribution of tephra. 

Hooper, D.M.  10/17/2005.  “Modeling the Long -Term Fluvial Redistribution of Tephra in 
Fortymile Wash, Yucca Mountain, Nevada.”  Revised.  San Antonio, Texas:  Center for Nuclear 
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 This report communicates the current understanding of tephra redistribution analyses 
independently developed by Center for Nuclear Waste Regulatory Analyses (CNWRA) staff.  
The report describes a sediment budget approach to analyze the potential posteruption 
redistribution of tephra in the Fortymile Wash drainage system at Yucca Mountain, Nevada.  
Fortymile Wash is an ephemeral stream; hydrologic data are minimal, and sediment transport 
data are lacking.  Rates of erosion in arid regions are not well-constrained, but a suitable range 
of values can be entered into a sediment budget to demonstrate the quantitative or mass flux 
relationship between such components as sediment yield, discharge to the depositional fan, 
balance of remaining tephra, dilution by mixing with ambient sediment, and associated changes 
in transient sediment storage.   

Hooper, D.M.  03/17/2004.  “First-Order Conceptual Model for Fluvial Remobilization of Tephra 
Along Fortymile Wash, Yucca Mountain, Nevada.”  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  March 2004.   
20.06002.01.051.465, Q200403220009, ML041320668 
 This report described a first-order conceptual model that focuses on a simplified 
mass-balance approach to analyze the remobilization or redistribution of tephra in the 
Fortymile Wash drainage system at Yucca Mountain, Nevada.  The methodology is first tested 
by applying it to the tephra deposit from the 1943–1952 eruption of Parícutin volcano (Mexico), 
the primary analog for this study.  Erosional processes are mostly simplified in this first-order 
approach, but model refinements are incorporated.  Results for the Fortymile Wash watershed 
are dependent upon the erosion rate as well as the area, thickness, and volume of dispersed 
tephra within the watershed. 
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20.06002.01.362, Q200601310002,   
 This paper describes how the modeling approach supports the abstracted fluvial 
redistribution model for the Total-system Performance Assessment code through the 
determination of values for the five local input parameters of the abstracted model, as 
developed for expected dryland conditions in the Fortymile Wash drainage system following a 
potential volcanic eruption. 

Hooper, D.M., N.J. Franklin, B.L. Winfrey, and B.E. Hill.  03/30/2006.  “Realistic Modeling of 
Volcanic Eruption Plumes with the Tephra Code.”  San Antonio, Texas:  Center for Nuclear 
Waste Regulatory Analyses.  March 2006.  
20.06002.01.312.620, Q200603310006  
 The objective of this report is to present the progress of modeling volcanic eruption 
plumes with the TEPHRA code.  TEPHRA is an improvement over the previous ASHPLUME 
model and allows the user to calculate expected tephra (ash) and uranium (fuel) accumulation 
as areal mass density (variable thickness over a two-dimensional grid) by sedimentation out of 
the volcanic plume.  The code calculates tephra accumulation using measured eruption data as 
input parameters and incorporates the effects of realistic, stratified wind fields on tephra 
dispersal.  Illustrative applications of the TEPHRA code, focusing on Yucca Mountain 
consequences, are presented in this report. 

Hooper, D.M., M. Necsoiu, and R.R. Benke.  02/27/2008.  “Final Status Report of Field 
Observations From Sunset Crater, Arizona.”  San Antonio, Texas:  Center for Nuclear Waste 
Regulatory Analyses.  February 2008.  
20.06002.01.312.640, Q200802270003, ML080720615, ML080720613 
 This report summarizes CNWRA field activities conducted at Sunset Crater, Arizona.  
Because Sunset Crater volcano is a relatively young basaltic cinder cone that now exists in the 
semi-arid climate of Northern Arizona, it is used as an analog for future basaltic volcanism at 
Yucca Mountain.  The work at Sunset Crater thus provides staff with important constraints on 
the surficial geologic processes that control redistribution of ash and tephra following 
an eruption.   

Jarzemba, M.S.  09/28/1995.  “Stochastic Radionuclide Distribution After a Basaltic Eruption for 
Performance Assessment of Yucca Mountain.”  Nuclear Technology.  Vol. 118.  pp. 132–141.  
1995. 
 The paper describes a stochastic modeling approach for simulating the airborne release 
of radioactive particulates associated with a volcanism scenario.  The modeling approach 
considers such factors as the eruption energetics, eruption duration, wind velocity, and particle 
properties to compute the activity areal density of particles as a function of spatial location.  
Various components of the model are based on empirical relationships and data report in the 
volcanology literature.  Illustrative applications of the stochastic model are presented for the 
cases of single and multiple event eruptions. 
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 This report, which was prepared in consideration of the revision of the EPA standard, 
describes a set of scoping calculations:  (i) volcanism scenario,(ii) hazards comparison, and 
(iii) plume dilution.  
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 The information in this report was prepared as an attachment to a Commission paper 
written by the NRC staff.  The report  is a summary of information to facilitate the selection of 
appropriate critical groups and reference biospheres for use in dose/risk assessments of the 
proposed repository.  The report identifies climate (current and pluvial), depth to groundwater, 
and land slope as primary factors that could be used in defining critical group locations and 
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 The purpose of this study was to enhance the NRC capability to estimate radiologic risks 
from HLW disposal at YM. This report provides updated dose conversion factors, summarizes 
and documents the site-specific characteristics and parameters used in modeling the 
environmental pathways, and presents the results of a sensitivity analysis to identify the model 
parameters that have the greatest effect on the dose calculations. 
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June 2007.  
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 This report summarizes existing methods used for near-field atmospheric release 
modeling, including building wake effects, and gives example calculations of various models. 
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APPENDIX 

CNWRA-Series Reports:  1988–2008 

The first bound and numbered CNWRA-series reports were issued in 1988, soon after the 
Center for Nuclear Waste Regulatory Analyses (CNWRA®) was established.  With few 
exceptions, the CNWRA reports between 1988 and 2008 dealt with high-level nuclear waste 
management topics, with a particular focus on technical and programmatic issues for evaluating 
the safety of a proposed geologic repository at Yucca Mountain, Nevada.  For completeness, all 
numbered CNWRA reports that were published between 1988 and 2008 (including technical, 
planning, and quality assurance topics) are listed here.  

When the U.S. Department of Energy submitted a license application for a geologic repository at 
Yucca Mountain in mid-2008, CNWRA technical activities transitioned from pre-licensing to 
license review support for the U.S. Nuclear Regulatory Commission.  No CNWRA-series reports 
specific to the Yucca Mountain activities were issued after 2008. 
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CNWRA 1996-001 
Study of Flow in a Fracture Under Shear:  Progress Report 
Mohanty, S., R.T. Green, and K.A. Meyers-James 
October 1995 

 

1995 

CNWRA 1995-023 
Report on the Peer Review of the Sorption Modeling for High-Level Performance 
Assessment Research Project 
Pabalan, R.T. 
September 1995 

CNWRA 1995-022 
Rock Joint Model Development for Cyclic Loads 
Ghosh, A., S. Hsiung, D.J. Fox, A.H. Chowdhury, and D.D. Kana 
September 1995 
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CNWRA 1995-021 
Expert-Panel Review of Center for Nuclear Waste Regulatory Analyses (CNWRA) Coupled 
Thermal-Mechanical-Hydrological Processes Research Project 
Ahola, M.P. 
September 1995 

CNWRA 1995-020 
Expert-Panel Review of the Integrated Waste Package Experiments Research Project 
Cragnolino, G.A. and N. Sridhar 
September 1995 

CNWRA 1995-019 
Conceptual and Mathematical Models of the Death Valley Regional Groundwater 
Flow System 
Wittmeyer, G.W. and D.R. Turner 
September 1995 

CNWRA 1995-018 
Initial Analysis of Selected Site-Specific Dose Assessment Parameters and Exposure 
Pathways Applicable to a Groundwater Release Scenario at Yucca Mountain 
LaPlante, P.A., S.J. Maheras, and M.S. Jarzemba 
October 1995 

CNWRA 1995-017 
NUREG/CR–6401:  Faulting in the Yucca Mountain Region Critical Review and Analyses 
of Tectonic Data from the Central Basin and Range 
Ferrill, D.A., G.L. Stirewalt, D.B. Henderson, J.A. Stamatakos, A.P. Morris, K.H. Spivey, and 
B.P. Wernicke 
March 1996 

CNWRA 1995-016 
Evaluation of ABAQUS as a Compliance Determination Computer Code 
Ofoegbu, G.I., A. Ghosh, M.P. Ahola, S.-M. Hsiung, and A.H. Chowdhury 
August 1995 

CNWRA 1995-015 
Potential Implications of Colloids on the Long-Term Performance of a High-Level 
Radioactive Waste Repository 
Manaktala, H., D. Turner, T. Ahn, V.C. Bradley, and E. Bonano 
September 1995 

CNWRA 1995-014 
Review of Empirical Thermodynamic Date for Uranyl Silicate Minerals and 
Experimental Plan 
Murphy, W.M. and R.T. Pabalan 
June 1995 

CNWRA 1995-013 
NUREG/CR-6388:  Seismic Response or Rock Joints and Jointed Rock Mass 
Ghosh, A., S.-M. Hsiung, and A.H. Chowdhury 
September 1995 
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CNWRA 1995-012 
NUREG/CR-6404:  An Experimental Scale-Model Study of Seismic Response of an 
Underground Opening in Jointed Rock Mass 
Kana, D.D., D.J. Fox. S. Hsiung, and A.H. Chowdhury 
February 1997 

CNWRA 1995-011 
Compliance Determination Computer Codes for Preclosure Safety Assessments 
Karimi, H., M. Jarzemba, H. Manaktala, A.H. Chowdhury, and M. Ahola 
June 1995 

CNWRA 1995-010 
Experimental Investigations of Failure Processes of High-Level Radioactive Waste 
Container Materials 
Sridhar, N., G.A. Cragnolino, and D.S. Dunn 
May 1995 

CNWRA 1995-009 
The CNWRA Regional Hydrogeology Geographic Information System Database 
Wittmeyer, G., R. Klar, G. Rice, and W. Murphy 
April 1995 

CNWRA 1995-008 
Finite Element Modeling of Listric Normal Faulting 
Ofoegbu, G.I. and D.A. Ferrill 
April 1995 

CNWRA 1995-007 
Iterative Performance Assessment Phase 3:  Status of Activities 
Ahola, M., R. Baca, A. Bagtzoglou, E. Bonano, B. Gureghian, R. Hofmann, S. Hsiung, 
R. Janetzke, M. Jarzemba, H. Karimi, P. LaPlante, P. Lichtner, R. Manteufel, W. Murphy, 
D. Pickett, G. Stirewalt, and S. Stothoff 
April 1995 

CNWRA 1995-006 
Draft Staff Technical Position of the Elicitation of Expert Judgment 
DeWispelare, A.R. and E.J. Bonano 
March 1995 
 
CNWRA 1995-005 
NUREG/CR-6348:  Thermally Driven Moisture Redistribution in Partially Saturated 
Porous Media 
Green, R.T., F.T. Dodge, S.J. Svedeman, R.D. Manteufel, G. Rice, K.A. Meyer, and R.G. Baca 
December 1995 

CNWRA 1995-004 
Progress Toward a Fractal Representation of Rock Joint Roughness 
Hsiung, S.-M., A. Ghosh, and A.H. Chowdhury 
January 1995 
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CNWRA 1995-003 
A Critical Review of Data in the Center for Nuclear Waste Regulatory Analyses (CNWRA) 
Volcanism Geographic Information System (GIS) Database 
Stirewalt, G.L., B.E. Hill, C.B. Connor, and C. Lin 
November 1992 

CNWRA 1995-002 (Revised) 
Expert-Panel Review of CNWRA Volcanism Research Programs 
Hill, B.E. 
January 1995 

CNWRA 1995-001 
A Uniform Approach to Surface Complexation Modeling of Radionuclide Sorption 
Turner, D.R. 
January 1995 

CNWRA 1995-01S  
NRC High-Level Radioactive Waste Research at CNWRA January–June 1995 
Baca, R.G., A.C. Bagtzoglou, D. Balin, F.P. Bertetti, C.B. Connor, F.M. Conway, D.A. Ferrill, 
C.J. Goulet, B.E Hill, M.S. Jarzemba, R.V. Klar, P. LaFemina, P.C. Lichtner, A.P. Morris, 
W.M. Murphy, R.T. Pabalan, E.C. Pearcy, D.A. Pickett, J.D. Prikryl, K.H. Spivey, 
J.A. Stamatakos, S.A. Stothoff, D.R. Turner, and G.W. Wittmeyer  
August 1995  

 

1994 

CNWRA 1994-028 
Environmental Effects on Stress Corrosion Cracking of Type 316L Stainless Steel and 
Alloy 825 as High-Level Nuclear Waste Container Materials 
Cragnolino, G.A., D.S. Dunn, and N. Sridhar 
November 1994 

CNWRA 1994-027 
Hydraulic Characterization of Hydrothermally-Altered Nopal Tuff 
Green, R.T., K. Meyer, and G. Rice 
December 1994 

CNWRA 1994-026 
EBSPAC (Engineered Barrier System Performance Assessment Codes) Progress Report:  
October 1, 1993 through September 25, 1994 
Lichtner, P.C. 
October 1994 
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CNWRA 1994-025 
Influence of Faults on Ascent of Mafic Magma by Dike Intrusion 
Young, S.R., H.L. McKague, and R.W. Terhune 

CNWRA 1994-024 
Single Fracture Flow Behavior of Apache Leap Tuff Under Normal and Shear Loads 
Mohanty, S., A.H. Chowdhury, S.-M. Hsiung, and M.P. Ahola 
October 1994 

CNWRA 1994-023 (Revision 1) 
A Three-Dimensional Geological Framework Model for Yucca Mountain, Nevada, With 
Hydrologic Application:  Report to Accompany 1995 Model Transfer to the Nuclear 
Regulatory Commission 
Stirewalt, G.L. and D.B. Henderson 
September 1995 

CNWRA 1994-022 
Near-Field Liquid-Vapor Transport in a Partially Saturated High-Level Nuclear 
Waste Repository 
Lichtner, P.C. and J.C. Walton 
October 1994 

CNWRA 1994-021 
Thermo-Hydro-Mechanical Coupled Modeling:  Big-Ben Experiment,  
TC3–Decovalex-Phase III 
Ahola, M.P., G.I. Ofoegbu, A.H. Chowdhury, and S.-M. Hsiung 

CNWRA 1994-020 
NUREG/CR-6333:  BREATH Version 1.1—Coupled Flow and Energy Transport in Porous 
Media, Simulator Description and User Guide 
Stothoff, S.A. 
May 1995 

CNWRA 1994-019 
Background Report on the Use and Elicitation of Expert Judgment 
DeWispelare, A., L.T. Herren, and E.J. Bonano 
September 1994 

CNWRA 1994-018 
NUREG/CR-6347:  Multi-Phase Reactive Transport Theory 
Lichtner, P.C. 
July 1995 

CNWRA 1994-017 
Field Site Investigation:  Effect of Mine Seismicity on Groundwater Hydrology 
Ofoegbu, I.G., S.M. Hsiung, A.H. Chowdhury, and P. Jacobs 
July 1994 
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CNWRA 1994-016 
Invent:  A Module for the Calculation of Radionuclide Inventories, Software Description, 
and User Guide 
Lozano, A.S., H. Karimi, J.P. Cornelius, R.D. Manteufel, and R.W. Janetzke 
July 1994 

CNWRA 1994-015 
Strategy for the Evaluation and Use of Probability Models for Volcanic 
Disruptive Scenarios 
Connor, C. and B.E. Hill 
June 1994 

CNWRA 1994-014 
SEISM 1.1 Test Analysis 
Hofmann, R.B 
August 1994 

CNWRA 1994-013 
Geophysics Review Topical Report: Application of Seismic Tomographic and Magnetic 
Methods to Issues in Basaltic Volcanism 
Connor, C.B. and C.O. Sanders 

CNWRA 1994-012 
Stochastic Analysis of Large-Scale Unsaturated Flow and Transport In Layered, 
Heterogeneous Media 
Bagtzoglou, A.C. and M. Muller 
June 1994 

CNWRA 1994-011 
Fracture Transport of Uranium at the Nopal I Natural Analog Site 
Pearcy, E.C. 
May 1994 

CNWRA 1994-010 
Review of Degradation Modes of Alternate Container Designs and Materials 
Sridhar N., G.A. Cragnolino, D.S. Dunn, and H.K. Manaktala 
April 1994 

CNWRA 1994-009 
Water Film Flow in a Fracture in Unsaturated Porous Medium 
Kapoor, V. 
May 1994 

CNWRA 1994-008 
SEISMO Version 1.0:  A Module for Simulation of Seismo-Mechanical Scenarios, Model 
Description, and User Guide 
Freitas, C.J., R.B. Codell, and N.A. Eisenberg 
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CNWRA 1994-007 
Effective Hydraulic Property Calculations for Unsaturated, Fractured Rock with Semi-
Analytical and Direct Numerical Techniques:  Review and Applications 
Bagtzoglou, A.C., S. Mohanty, A. Nedungadi, T.-C. Jim Yeh, and R. Ababou 

CNWRA 1994-006 
Geochemical Investigations Related to the Yucca Mountain Environment and Potential 
Nuclear Waste Repository 
Murphy, W. and R. Pabalan 
March 1994 

CNWRA 1994-005 
DRILLO CODE:  A Module for Simulation of Human Intrusion Scenarios, Model 
Description, and User Guide—IPA Phase 2 
Freitas, C.J., N.A. Eisenberg, and R.G. Baca  
February 1994 

CNWRA 1994-004 
The Center for Nuclear Waste Regulatory Analyses (CNWRA) Volcanism Geographic 
Information System Database 
Connor, C.B. and B.E. Hill 
January 1994 

CNWRA 1994-003 
Substantially Complete Containment—Example Analysis of a Reference Container 
Cragnolino, G., N. Sridhar, and P. Nair 
December 1994 

CNWRA 1994-002 
Review of Scenario Selection Approaches for Performance Assessment of High-Level 
Waste Repositories and Related Issues 
Bonano, E.J. and R.G. Baca 
February 1994 

CNWRA 1994-001 
Evaluation of Computer Codes for Compliance Determination Phase II 
Ghosh, A., S.M. Hsiung, G.I. Ofoegbu, and A.H. Chowdhury 
January 1994 

CNWRA 1994-02S 
NRC High-Level Radioactive Waste Research at CNWRA:  July–December 1994 
Ahola, M.P., R.G. Baca, F.P. Bertetti, A.H. Chowdhury, C.B. Connor, G.A. Cragnolino, 
D.S. Dunn, D.A. Ferrill, D.B. Henderson, B.E. Hill, S.M. Hsiung, D.D. Kana, R.V., Klar, 
P.C. Lichtner, R.H. Martin, S. Mohanty, A.P. Morris, W.M. Murphy, R.T. Pabalan, E.C. Pearcy, 
J.D. Prikryl, N. Sridhar, S.A. Stothoff, D.R. Turner, and G.W. Wittmeyer 
February 1995 
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1993 

CNWRA 1993-024 
NUREG/CR-6216:  Evaluation of Rock Joint Models and computer code UDEC Against 
Experimental Results 
Hsiung, S.M., A. Ghosh, A.H. Chowdhury, and M.P. Ahola 

CNWRA 93-023 

CNWRA 93-022 

CNWRA 1993-021 
Engineered Barrier System Performance Assessment Codes (EBSPAC) Progress  
Report—October 1, 1992 Through September 25, 1993 
Sridhar, N., J.C. Walton, G.A. Cragnolino, and P.K. Nair 
October 1993 

CNWRA 1993-020 
The Role of Natural Analog in Geologic Disposal of High-Level Nuclear Waste 
Apps, J.A., J.W. Bradbury, R.E. Cady, R.C. Ewing, D.L. Gustafson, R.B. Hofmann, D.T. Hoxie, 
L.A. Kovach, M.B. McNeil, W.M. Murphy, W.R. Ott, E.C. Pearcy, B. Sagar, M.E. Shea, 
N. Sridhar, G.W. Wittmeyer, J.R. Wood, and S.R. Young 
September 1993 

CNWRA 1993-019 
Mechanistic Approaches to Radionuclide Sorption Modeling 
Turner, D.R. 
September 1993 

CNWRA 1993-018 
A Review and Analysis of Dating Techniques for Neogene and Quaternary 
Volcanic Rocks 
Hill, B.E., B.W. Leslie, and C.B. Connor 
September 1993 

CNWRA 1993-017 
Total-System Performance Assessment (TPA) Computer Code:  Description of Executive 
Module, Version 2.0 
Sagar, B. and R. Janetzke 
August 1993 

CNWRA 1993-016 
Expert Elicitation of Future Climate in the Yucca Mountain Vicinity 
DeWispelare, A.R., M.P. Miklas, R.T., Clemen, and L.T. Herren 
August 1993 
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CNWRA 1993-015 

CNWRA 1993-014 
A Review of the Potential for Microbially Influenced Corrosion of High-Level 
Waste Containers 
Geesey, G. 
June 1993 

CNWRA 1993-013 
NUREG/CR-6178:  Laboratory Characterization of Rock Joints 
Hsiung, S.M., D.D. Kana, M.P. Ahola, A.H. Chowdhury, and A. Ghosh 
September 1993 

CNWRA 1993-012 
Uranium Mineralogy of the Nopal I Natural Analog Site, Chihuahua, Mexico 
Pearcy, E.C., J.D. Prikryl, W.M. Murphy, and B.W. Leslie 
June 1993 

CNWRA 1993-011 
Development Plan PASS/PADB System Design Version 3.0 
DeWispelare, A.R., R.D. Johnson, R.L. Marshall, and J.H. Cooper 
May 1993 

CNWRA 1993-010 
Volcano Code—A Module for Simulation of Magmatic Scenario Model Description and 
User Guide:  Iterative Performance Assessment Phase 2 
Lin, C.S., R.G. Baca, and R. Drake 
October 1993 

CNWRA 1993-009 
Open Item Tracking System (OITS) Version 1.0 User's Guide 
McFaddin, S.K., R.L. Marshall, R.D. Carlson, and R.L. Johnson 
July 1993 

CNWRA 1993-008 
Review of Corrosion Aspects of High-Level Waste Storage Tanks at West Valley 
Cragnolino, G.A. 
April 1993 

CNWRA 1993-007 
Seismic/Tornado Analysis Review for the Vitrification Facility at West Valley 
Pomerening, D.J., C. Tschoepe, and P.K. Nair 
April 1993 

CNWRA 1993-006 
Characteristics of Spent Nuclear Fuel and Cladding Relevant to High-Level Waste 
Source Term 
Manaktala, H.K. 
March 1993 
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CNWRA 1993-005 
Evaluation of Coupled Computer Codes for Compliance Determination 
Ghosh, A., S.-M. Hsiung, M.P. Ahola, and A.H. Chowdhury 
June 1993 

CNWRA 1993-004 
Experimental Investigations of Localized Corrosion of High-Level Waste 
Container Materials 
Sridhar, N., G.A. Cragnolino, and D. Dunn 
February 1993 

CNWRA 1993-003 
Long-Term Stability of High-Level Waste Container Materials:  I-Thermal Stability of 
Alloy 825 
Cragnolino, G. and N. Sridhar 
February 1993 

CNWRA 1993-002 
Thermo-Hydro-Mechanical Coupled Modeling:  Near-Field Repository Model, BMT3 
Chowdhury, A.H. 
August 1993 

CNWRA 1993-001 
Revised Repository Isolation Criteria Study Recommendation Report 
DeWispelare, A. and P. LaPlante 
April 1993 

CNWRA 1993-02S 
U.S. Nuclear Regulatory Commission (NRC) High-Level Radioactive Waste Research at 
Center for Nuclear Waste Regulatory Analyses (CNWRA) for July through December 1993 
Ahola, M., R. Baca, A. Chowdhury, C. Connor, G. Cragnolino, F. Dodge, D. Dunn, A. Ghosh, 
R. Green, B. Hill, S. Hsiung, V. Kapoor, R. Manteufel, S. McDuffie, S. Mohanty, W. Murphy, 
R. Pabalan, E. Pearcy, N. Sridhar, G. Stirewalt, S. Stothoff, D. Turner, G. Wittmeyer, and 
S. Young 
February 1994 

CNWRA 1993-01S 
U.S. Nuclear Regulatory Commission (NRC) High-Level Radioactive Waste Research 
at the Center for Nuclear Waste Regulatory Analyses (CNWRA) for January through 
June 1993 
Ahola, M., R. Baca, A. Bagtzoglou, A.H. Chowdhury, C.B. Connor, G. Cragnolino, D. Dunn, 
A. Ghosh, R. Green, B. Henderson, B. Hill, S. Hsiung, B. Leslie, R. Manteufel, R. Martin, 
S. Mohanty, W. Murphy, R. Pabalan, E. Pearcy, N. Sridhar, D.R. Turner, G.W. Wittmeyer, and 
S.R. Young 
August 1993 
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1992 

CNWRA 1992-027 
Review and Analysis of the PASS/PADB System for Systematic Regulatory Analysis 
DeWispelare, A., J. Cooper, R. Johnson, and R. Marshall 
December 1992 

CNWRA 1992-026 
NUREG/CR-6028:  BIGFLOW: A Numerical Code for Simulating Flow in Variably 
Saturated, Heterogeneous Geologic Media (Theory and User's Manual—Version 1.1) 
Ababou, R. and R. Bagtzoglou 
June 1993 

CNWRA 1992-025 
A Review of Pertinent Literature on Volcanic-Magmatic and Tectonic History of the Basin 
and Range 
Stirewalt, G., S.R. Young, and K.D. Mahrer 
September 1992 

CNWRA 1992-024 
Preliminary Structural Interpretation of Reflection Seismic Line AV-1 
Young, S.R., A.P. Morris, and G.L. Stirewalt 
November 1992 

CNWRA 1992-023 

CNWRA 1992-022 
Natural Resources Regulatory Requirements:  Background and Consideration of 
Compliance Methodologies 
Miklas, M.P., J.L. Russell, D.R. Turner, E.C. Pearcy, and S. Spector  
September 1992 

CNWRA 1992-021 
A Review of Stress Corrosion Cracking of High-Level Nuclear Waste Containers Materials 
Cragnolino, G. and N. Sridhar 
August 1992 

CNWRA 1992-020 
MARIANA—A Simple Chemical Equilibrium Module , Version 1.0 
Walton, J.C. and S.K. Kalandros 
August 1992 

CNWRA 1992-019 
TWITCH—A Model for Transient Diffusion, Electromigration, and Chemical Reaction in 
One Dimension, Version 1.0 
Walton, J.C., and S.K. Kalandros 
August 1992 
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CNWRA 1992-018 
Leaching of Borosilicate Glass Using Draft ASTM Procedure for High-Level Waste 
Manaktala, H. 
August 1992 

CNWRA 1992-017 
An Assessment of Borosilicate Glass as a High-Level Waste Form 
Manaktala, H.K. 
September 1992 

CNWRA 1992-016 
Substantially Complete Containment (SCC) Elicitation Report 
Tschoepe, E. and L.R. Abramson 
August 1992 

CNWRA 1992-015 

CNWRA 1992-014 
Site Selection and Workplan Report for the Geochemical Natural Analog 
Research Project 
Pearcy, E.C. and W.M. Murphy  
July 1992 

CNWRA 1992-013 

CNWRA 1992-012 
Field Site Investigation:  Effect of Mine Seismicity on a Jointed Rock Mass 
Chowdhury, A., S. Hsiung, W. Blake, M. Ahola, and A. Ghosh 
December 1992 

CNWRA 1992-011 
A Literature Review of Coupled Thermal-Hydrologic-Mechanical-Chemical Processes 
Pertinent to the Proposed High-Level Nuclear Waste Repository 
Manteufel, R.D., M.P. Ahola, D.R. Turner, and A.H. Chowdhury 
August 1992 

CNWRA 1992-010 
Functional Needs Update and Status Report on the DHLWM Advanced Computer 
Review System 
Johnson, R.D., R.L. Marshall, and S.W. Dellenback 
May 1992 

CNWRA 1992-009 
A Source Term Code for High-Level Nuclear Waste Geologic Repositories 
Sagar, B., R.B. Codell, J. Walton, and R.W. Janetzke 
July 1992 
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CNWRA 1992-008 
Geometric Models of Faulting at Yucca Mountain 
Young, S.R., G.L. Stirewalt, and A.P. Morris 
October 1992 

CNWRA 1992-007 
NUREG/CR-5919:  Repository Operational Criteria Comparative Analysis 
Hageman, J.P. and A.H. Chowdhury 
June 1994 

CNWRA 1992-006 
NUREG/CR-6026:  Theoretical and Experimental Investigation of Thermohydrologic 
Processes in a Partially Saturated, Fractured Porous Medium 
Green, R. T., R.D. Manteufel, F.T. Dodge, and S.J. Svedeman 
July 1993 

CNWRA 1992-005 
Thermo-Hydro-Mechanical Coupled Modeling:  Multiple Fracture Model, BMT2; Coupled 
Stress-Flow Model, TC1, DECOVALEX Phase 1 
Chowdhury, A.H., M.P. Ahola, S.-M. Hsiung, and L.J. Lorig 
April 1992 

CNWRA 1992-004 
Effects of Layering, Dipping Angle, and Faulting on Two-Dimensional Variably Saturated 
Flow, Iterative Performance Assessment—Phase II 
Bagtzoglou, A.C., R. Ababou, and B. Sagar 
February 1992 

CNWRA 1992-003 
NUREG/CR-5991:  PORFLOW: A Multifluid Multiphase Model for Simulating Flow, Heat 
Transfer, and Mass Transport in Fractured Porous Media 
Runchal, A.K. and B. Sagar 
February 1993 

CNWRA 1992-002 
Sensitivity and Uncertainty Analyses Applied to One-Dimensional Transport in a Layered, 
Fractured Rock. Part 2:  Evaluation of Limit State Approach, Iterative Performance 
Assessment, Phase II 
Wu, Y.-T., A.B. Gureghian, and B. Sagar 
March 1992 

CNWRA 1992-001 
NUREG/CR-5890:  Regional Groundwater Modeling of the Saturated Zone in the Vicinity 
of Yucca Mountain, Nevada 
Ahola, M., and B. Sagar 
October 1992 
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CNWRA 1992-02S 
NUREG/CR-5817:  Volume 3, No. 2: NRC High-Level Radioactive Waste Research 
at CNWRA 
Ababou, R., M. Ahola, R.G. Baca, A.C. Bagtzoglou, A.H. Chowdhury, C.B. Connor, 
G. Cragnolino, F.T. Dodge, A. Ghosh, R.T. Green, B.H. Hill, S.M. Hsiung, B.W. Leslie, 
R.D. Manteufel, W.M. Murphy, R.T. Pabalan, E.C. Pearcy, N. Sridhar, G. Stirewalt, D.R. Turner, 
G.W. Wittmeyer, and S. Young 
July 1993 

CNWRA 1992-01S 
NUREG/CR-5817:   Volume 3, No. 1:  NRC High-Level Radioactive Waste Research 
at CNWRA 
R. Ababou, M. Ahola, R.G. Baca, A.H. Chowdhury, G. Cragnolino, R.T. Green, S.M. Hsiung, 
B.W. Leslie, R.D. Manteufel, W.M. Murphy, R.T. Pabalan, E.C. Pearcy, J.D. Prikryl, B. Sagar, 
N. Sridhar, G. Stirewalt, D. Turner, G. Wittmeyer, and S. Young 
January 1992 

 

1991 

CNWRA 1991-016 
Effects of Variable Hydrologic Saturation on Sorption Modeling for High-Level Waste 
Performance Assessment a Literature Review 
Turner, D.R. 
December 1991 

CNWRA 1991-015 
Safety Evaluation Report on the West Valley Demonstration Project Supernatant 
Treatment System {A Review of Safety Analysis Report, Volume III, Part D (WVNS 
SAR-004, Revision 6)} 
Tschoepe, E., H. Karimi, G. Lamping, and P. Nair  
November 1991 

CNWRA 1991-014 
NUREG/CR-5804: Repository Operational Criteria Analysis 
Hageman, J.P. and A.C. Chowdhury 
June 1992 

CNWRA 1991-013 
Probabilistic Fault Displacement and Seismic Hazard Analysis Literature Review 
Hofmann, R.B. 
November 1991 

CNWRA 1991-012 
Draft Options Paper on Groundwater Travel Time as the Performance Measure of the 
Geologic Setting of a High-Level Radioactive Waste Geologic Repository 
Green, R.T., M.P Miklas, and G.W. Wittmeyer 
August 1991 
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CNWRA 1991-011 
Sorption Modeling for High-Level Waste Performance Assessment: A Literature Review 
Turner, D.R. 
August 1992 

CNWRA 1991-010 
NUREG/CR-5917:  Volume 1:  Sensitivity and Uncertainty Analyses Applied to 
One-Dimensional Radionuclide Transport in a Layered Fractured Rock 
Gureghian, A.B., Y.T. Wu, B. Sagar, and R.B. Codell  
December 1992 

CNWRA 1991-009 
Total System Assessment Computer Code:  Description of Executive Module 
Sagar, B. and R.W. Janetzke 
July 1991 

CNWRA 1991-008 
Hydrogen Absorption and Embrittlement of Candidate Container Materials 
Sridhar, N., B.E. Wilde, C. Manfredi, S. Kesavan, and C. Miller 
June 1991 

CNWRA 1991-007 
NUREG/CP-0040:  Proceedings of Workshop V: Flow and Transport Through Unsaturated 
Fractured Rock-Related to High-Level Radioactive Waste Disposal, Radisson Suite Hotel, 
Tucson, Arizona, January 7–10, 1991 
Evans, D.D. and T.J. Nicholson 
January 1991 

CNWRA 1991-006 
Draft Acceptable Methodology for Assessment of the Natural Resources of a Proposed 
High-Level Waste Repository Site 
Pearcy, E. and M. Miklas 
June 1991 

CNWRA 1991-005 
RDFREE:  A Fortran Utility for Format Free Input—User's Guide 
Janetzke, R.W. and B. Sagar 
June 1991 

CNWRA 1991-004 
A Review of Localized Corrosion of High-Level Nuclear Waste Container Materials 
Cragnolino, G. and N. Sridhar 
April 1991 

CNWRA 1991-003 
preFOR:  A Pre-Processor for Fortran Files User's Manual 
Janetzke, R.W. and B. Sagar  
April 1991 
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CNWRA 1991-002 
Approaches to Large Scale Unsaturated Flow in Heterogeneous, Stratified , and 
Fractured Geologic Media 
Ababou, R. 
April 1991 

CNWRA 1991-001 
High-Level Radioactive Waste Repository Functional Analysis 
Romine, D.T. 
March 1992 

CNWRA 1991-03Q 
Report on Research Activities for the Quarter July 1, 1991 through September 30, 1991 
Patrick, W.C. (ed.) 
November 1991 

CNWRA 1991-02Q 
Research Activities for the Quarter April 1 through June 30, 1991 
Patrick, W.C. (ed.) 
August 1991 

CNWRA 1991-01Q 
Report on Research Activities for the Quarter January 1 through March 31, 1991 
Patrick, W.C. (ed.) 
May 1991 

CNWRA 1991-01A 
Draft:  Report on Research Activities for Calendar Year 1991 
Patrick, W.C. (ed.) 
February 1992 

 

1990 

CNWRA 1990-008 
Geochemical Natural Analogs Literature Review 
Pearcy, E.C. and W.M. Murphy  
June 1991 

CNWRA 1990-007 
Substantially Complete Containment Feasibility Assessment and Alternatives Report 
Nair, P.K. and E.C. Tschoepe 
September 1990 

CNWRA 1990-006 
Qualification Studies on the Finite Element Code Hondo II Against Some Benchmark 
Analytical Problems 
Brandshaug, T., B. Dasgupta, B.H.G. Brady, S.-M. Hsiung, and A.H. Chowdhury 
February 1990  
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CNWRA 1990-005 
Development of a Rock Joint Dynamic Shear Test Apparatus 
Kana, D.D., D.C. Scheidt, B.H.G. Brady, A.H. Chowdhury, S.-M. Hsiung, and B.W. Vanzant 
January 1990 

CNWRA 1990-004 
Draft:  Qualification Studies on the Distinct Element Code UDEC Against Some 
Benchmark Analytical Problems 
Brady, B.H., S.M. Hsiung, and A.H. Chowdhury 

CNWRA 1990-003 
Identification and Evaluation of Regulatory and Institutional Uncertainties in 
10 CFR Part 60, Volume 2—Identification 
Weiner, R.F., W.C. Patrick, and D.T. Romine 
February 1990 

CNWRA 1990-002 
Draft:  Uncertainty Evaluation Methods for Waste Package Performance Assessment 
Wu, Y.T., A.G. Journel, L.R. Abramson, and P.K. Nair 
March 1990 

CNWRA 1990-001 
Final Draft:  Technical Considerations and an Approach for Evaluating "Substantially 
Complete Containment" of High-Level Nuclear Waste 
Manaktala, H.K. and C.G. Interrante 
March 1990 

CNWRA 1990-03Q 
Report on Research Activities for the Quarter July 1 through September 30, 1990 
Patrick, W.C. (ed.) 
November 1990 

CNWRA 1990-02Q 
Report on Research Activities for the Quarter April 1 through June 30, 1990 
Patrick, W.C. (ed.) 
August 1990 

CNWRA 1990-01Q 
Report on Research Activities for the Quarter January 1 through March 31,1990 
Patrick, W.C. (ed.) 
October 1990 

CNWRA 1990-01A 
NUREG/CR-5817:  Report on Research Activities for Calendar Year 1990 
Ababou, R., A.H. Chowdhury, G. Cragnolino, F.T. Dodge, R.T. Green, A.B. Gureghian, 
S.M. Hsiung, W.M. Murphy, R.T. Pabalan, E.C. Pearcy, B. Sagar, and N. Sridhar 
October 1990 
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1989 

CNWRA 1989-006 
Progress in Experimental Studies on the Thermodynamic and Ion Exchange Properties 
of Clinoptilolite 
Pabalan, R.T. and W.M. Murphy 
January 1990 

CNWRA 1989-005 

CNWRA 1989-004 
Final Report:  Strategic Programmatic Issues and Risks Related to Comprehensive 
Planning for the High-Level Waste Program 
Greenberg, R.E. and R.B. Adler 
June 1989 

CNWRA 1989-003 
Analysis and Evaluation of Regulatory Uncertainties in 10CFR60 Subparts B and E 
Patrick, W.C. and R.F. Weiner 
May 1989 

CNWRA 1989-002 
Analysis and Evaluation of Regulatory Uncertainties Related to the Site Characterization 
Plan and the Exploratory Shaft Facility 
Weiner, R. F. and W.C. Patrick 
April 1989 

CNWRA 1989-001 
NUREG/CR-5440:  Critical Assessment of Seismic and Geomechanics Literature Related 
to a High-Level Nuclear Waste Underground Repository 
Kana, D.D, B.H.G. Brady, B.W. Vanzant, and P. K. Nair  
June 1991 

 

1988 

CNWRA 88-004 
Fast Probabilistic Performance Assessment (FPPA) Methodology Evaluation 
Wu, Y. and P. Nair  
October 1988 

CNWRA 88-003 
Environmental Statement on the Transportation of Radioactive Material in the 
United States 
Oelkers, E.A.,R.N. Pierce, R.L. Mason, and J. Buckingham  
September 1988 

  



A–28 

Convo Evaluation and Enhancement Plan  
Wu, Y., P. Nair, G. Fuller, and R. Moler  
September 1988 

CNWRA 88-001 
Review of the Literature Relevant to the Transportation Risk Study  
Oelkers, E., and R.N. Pierce  
March 1988 




