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LAWRENC-.z LIVERMORE NATIONAL LABU-kATORY 
(LLNL) 

YUCCA MOUNTAIN PROJECT (YMP) STATUS REPORT 

APRIL 1993 

EXECUTIVE SUMMARY 

(Items Proposed for Reporting in YMPO or OGD Reports) 

1) 1.2.1.5 (Special Studies). D. McCright is serving as the team leader for the focus 
on thermal goals affecting the engineered barrier system (EBS). Other team 
members'are from SNL, LANL, M&O and !LLNL. Some of the goals need to be 
changed to reflect the greater diversity of repository and waste package designs being 
considered in the ACD phase. The particular goals that the engineered barrier 
system team is taking the lead on for possible revision are: 

1) the 3500C limit on spent fuel cladding, 
2) the 5000C limit on glass, 
3) the 2750C limit on the borehole wall, 
4) maximizing the time the borehole wall stays above boiling, and 
5) the design basis for a thermal load less than the allowable thermal load.  

2) 1.2.2.2.1 (Chemical and Mineralogical Properties of the Waste Package 
Environment). Work on the New Zealand natural analog site continued. A visit 
there by two LLNL scientists (C. Bruton and W. Bourcier) to evaluate potential sites 
for conducting validation activities using EQ3/6 was completed. Several sites were 
visited. From those, a prioritized list of site studies has been developed, and a draft 
memorandum describing the site work has been written.  

3) 1.2.2.3.1.1 (Waste Form Testing - Spent Fuel). The Thermogravimetric Apparatus 
units have been taken out of storage. Flow meters, thermocouples, and balances are 
being calibrated. Pumps and seals are being refurbished. Trial runs on unirradiated 
U0 2 will be conducted in May for equipment checkout.  

4) 1.2.2.2.4 (Large Block Test). A geomechanical numerical simulation of the Large 
Block Test (LBT) was initiated. The purpose of this work is to aid in the 
experimental design of the test and to provide a point of reference for evaluation of 
various thermal and material models for predicting the block response. The initial 
focus is on evaluation of options for the placement of heaters and the rate and 
duration of heating/cooling cycles, and to assist in the design of the type and 
location of diagnostic instrumentation, especially for the geomnechanical 
measurements. Preliminary results for temperature, stress and displacement fields 
as a function of time from the start of heating should be available in mid May.* 

3) 1.2.2.2.2 (Hydrologic Properties of the Waste Package Environment).' In 
considering the sensitivity of mountain-scale, buoyant, vapor convection to kb, the 
initial suite of calculations have assumed a uniform isotropic kb throughout the 
UZ. Two thresholds were identified: The threshold kb (called kb-hyd) where 
mountain-scale, buoyant, vapor convection begins to dominate hydrological 
performance and the threshold kb (called kb-th) where this convection begins to 
dominate the thermal performance. J. Nitao also developed analytical expressions
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for these thresholds a._. found very good agreement i,.wveen the analytically 

determined values and those determined in the modeling study. It was found that 

kb-th is generally an order of magnitude larger than kb-hyd

5) 1.2.2.3.2 (Metal Barriers). Recent authorization from YMPO will permit 

procurement of a high sensitivity thermogravimetric analysis unit. This unit will 

be used in an experimental study to discern at what point there is a transition 

between "dry" oxidation and "wet" corrosion. It is expected that the study will be 

conducted on a corrosion allowance material (such as carbon steel) with 

temperature, humidity, and surface condition as the principal variables. The 

transition between dry and wet conditions is very important with respect to 

performance of the container material and the design strategy for keeping the waste 

package in a "dry" condition for an extended period of time.  

6) 1.2.5.3.4 (Geologic and Engineering Materials Bibliography of Chemical Species 

GEMBOCHS). In the interest of mnemonics, two programs from the GEMBOCHS 

software library were renamed. DBAPP, an interactive FORTRAN/EQUEL code that 

facilitates review, modification, deletion and addition of GEMBOCHS data, has been 

renamed "FACET". DOOUT, a FORTRAN/EQUEL code that facilitates generation of 

GEMBOCHS-based thermodynamics datafiles for use with EQ3/6, GT, and other 

geomechanical modeling packages, has been renamed "JEWEL".  

7) 1.2.5.4.2 (Waste Package Performance Assessment). Work continues on the 

scoping study of cladding temperature history for various drift emplacement heat 

loadings, and of cladding creep endurance. Drift backfill 75 years after waste 

emplacement is assumed. Based on recent literature, the temperatures are 

somewhat higher than in the earlier parameterization of thermal results, but 

feasible repository loadings can meet both dryout and dadding goals. The cladding 

creep model was extended to incorporate reduced pressure load due to the progress 

of creep; non-inclusion is somewhat conservative.  

8) 1.2.5.4.2 (Waste Package Performance Assessment). LLNL is developing a 

summary model of the near-field environment of the waste packages. This will 

consider the thermal transient and dryout based on papers by J. Nitao, T. Buscheck 

and others. The product will be time histories, in table or algorithm form, of 

temperature, fractional saturation, fraction of waste packages wetted, and liquid 

water flux. In March, a calculational procedure was implemented to evaluate the 

distance of fracture flow penetration due to refluxing of condensate water above the 

repository. This procedure includes a spatial variability in water flux and in fracture 

sizes, and hence a spatial variability in distance of refluxing.  

1.2.1 SYSTEMS ENGINEERING 

1.2.1.1 Systems Engineering Coordination and Planning 

No significant activities.
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1.2.1.5 Special Studies

D. McCright and W. Clarke attended a meeting in Las Vegas on April 16 to discuss 

possible revision of the YMP thermal goals originally detailed in the SCP.  

D. McCright is serving as the team leader for the focus on thermal goals affecting the 
engineered barrier system (EBS). Other team members are from SNL, LANL, M&O 

and LLNL. A teleconference between team members was held on April.9. Some of 
the goals need to be changed to reflect the greater diversity of repository and waste 
package designs being considered in the ACD phase. The particular goals that the 
engineered barrier system team is taking the lead on for possible revision are: 

1) the 3500C limit on spent fuel cladding, 
2) the 5000C limit on glass, 
3) the 2750C limit on the borehole wall, 
4) maximizing the time the borehole wall stays above boiling, and 
5) the design basis for a thermal load less than the allowable thermal load.  

However, team members are free to comment on all of the thermal goals in other 
areas and members of other teams are free to comment on the EBS related goals.  
Following some preliminary recommended changes made at the April 16 meeting, 

the individual teams will continue to discuss the goals and report back to 
J. de la Garza of DOE on May 7 on their recommendations.  

S. Saterlie (M&O) visited LLNL on April 22 to discuss the initiation of system 
studies work for the coming months.  

1.2.1.6 Configuration Management 

No significant activities.  

1.2.2 WASTE PACKAGE 

1.2.2.1 Waste Package Coordination and Planning 

W. Lin attended the (SOC) Sample Overview Committee meeting at NTS on 
April 7.  

B. Viani participated in the April Geochemistry Integration Task (GIT) 
teleconference meeting which focused primarily on the upcoming colloid workshop 
at LANL and on developing a project strategy for addressing the issue of colloidal 
mediated transport of radionudides.  

1.2.2.2 Waste Package Environment 

D. Wilder and D. Chesnut visited Sweden for an International Program meeting on 
construction and grouting and then visited the Aspo Hard Rock Lab on March 29 
April 2.  

The following papers were presented at the International High Level Radioactive 
Waste Conference held in Las Vegas, April 26-30: 

1) "Alternative Strategies - A Means for Saving Money and Time on Yucca 
Mountain Project" by D. Wilder.
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1.2.2.2.1 Chemical and Mineralogical Properties of the Waste Package Environment 

Work on the New Zealand natural analog site continued. A visit there by two 

LLNL scientists (C. Bruton and W. Bourcier) to evaluate potential sites for 

conducting validation activities using EQ3/6 was completed. Several sites were 

visited. From those, a prioritized list of site studies has been developed, and a draft 

memorandum describing the site work has been written.  

Models of mineral evolution in the vicinity of waste packages were further 

developed. A reference set of computations that will be used as a comparison for 

calculations involving flow and transport has been initiated, using J-13 and rock 

systems idealized from the known stratigraphy. The current calculations do not 

consider the role of moving water. Computations have also been initiated in which 

the dissolution and precipitation kinetics of various silicates are used to bound 

estimates of the rates at which mineralogical and chemical equilibrium may be 
achieved in the vicinity of waste packages, and also in the areas surrounding the 

repository. Initial calculations indicate that local equilibrium will be achieved in 

periods of from a few months to a few years at the nominal SCP areal power density 
(APD), and at higher thermal loads.  

Input was provided to the thermal goals panel, addressing specific geochemical and 
mineralogical issues.  

W. Glassley attended the IHLRWM conference held in Las Vegas, April 26-30 and 
held discussions with several people regarding reaction progress rates and their 
implications for modeling with confidence evolution of the geochemical system 
around waste packages.  

1.2.2.2.2 Hydrologic Properties of the Waste Package Environment 

Model Calculations 

Over the past months, the sensitivity of thermo-hydrological performance of the 
repository-Unsaturated Zone-Saturated Zone (UZ-SZ) system to a broad range of 

thermal loading design parameters, thermo-hydrological properties, and boundary 
conditions have been examined. It has been also demonstrated that because of the 
very small matrix permeability in most of the UZ, the only significant source of 
liquid water reaching a Waste Package (WP) and transporting radionuclides to the 
water table is from nonequilibrium fracture flow from three potential origins: 

1) meteoric sources, 
2) drainage of condensate generated under boiling conditions, and 

3) drainage of condensate generated under sub-boiling conditions by either 
repository- or mountain-scale, buoyant vapor flow.  

The first source of liquid water arises from the ambient system; the second and third 
sources are generated by repository heat. Analyses indicate that the third source of 
water can persist for tens of thousands of years. In addition to generating 
condensate flow, repository heat can also drive changes in the saturation 
distribution, including regions of net dry-out and regions of saturation buildup.

LLNL-April Status Report 4



These changes in the saturation distribution can impact ambient fracture flow, 
possibly amplifying the effects of natural infiltration in regions of saturation 
buildup and attenuating those effects in regions of net dry-out. Analyses have 
indicated that repository-heat-driven changes in the saturation distribution can 
persist for more than 100,000 yr. In addition, a region of above-boiling temperatures 
can significantly mitigate the impact of fracture flow on WP performance 
and radionuclide migration for thousands of years.  

The extent to which these three sources of fracture flow may impact WP 
performance and radionuclide migration is critically dependent on ambient site 
conditions and on the thermal loading strategy which will eventually be adopted for 
the Mined Geological Disposal System (MGDS) at Yucca Mountain. With respect to 
repository-heat-driven thermo-hydrological performance, there are three primary 
thermal loading strategies. These three strategies are best framed as the following 
three fundamental questions: 

1) Under what conditions would a limited and distributed repository thermal 
load have a negligible impact on hydrological performance of the MGDS? 

2) For intermediate thermal loads such as that described in the Site 
Characterization Plan - Conceptual Design Report (SCP-CDR), will the thermo
hydrological impacts and our understanding of those impacts allow demonstration 
that the performance of the MGDS meets regulatory requirements? 

3) For higher thermal loads that have the potential of generating extended-dry 
conditions, will the thermo-hydrological impacts and our understanding of those 
impacts allow demonstration that the performance of the MGDS meets regulatory 
requirements? 

The goal of the first thermal loading strategy is to minimize the hydrological impact 
of repository heat so that the primary concern in assessing hydrological performance 
is the ambient hydrological system. Therefore, this strategy requires that the 
ambient hydrological system and our understanding of that system allows 
demonstration that the performance of the MGDS meets regulatory compliance.  
For the second thermal loading strategy, we must demonstrate adequate 
understanding of both the ambient hydrological system and how heat perturbs fluid 
flow in the ambient system. The goal of the third thermal loading strategy is to 
dominate the ambient system with repository-heat-driven above-boiling conditions 
surrounding the repository. This would result in 

1) the absence of liquid water in the vicinity of the WPs as long as boiling 
persists and 

2) sub-ambient liquid saturation conditions for some time following the above
boiling period.  
For all three thermal loading strategies, in situ heater tests at multiple locations in 

the unsaturated zone and (possibly) the saturated zone are critically important to 
demonstrating that our understanding and characterization of repository-heat
driven hydrothermal flow are sufficient to resolve the critical issues and hypotheses 
that provide the basis for the thermo-hydrological performance arguments.  

T. Buscheck, with the support of S. Daveler and T. Quinn, continued analyzing the 
preliminary scoping calculations of the hydrothermal performance of the repository, 
using the new model which represents hydrothermal flow in the upper 1000 m of
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the saturated zone as w-_, as within the unsaturated zone. _.is month, calculations 

and analysis addressed three general effects: 
1) the effect of bulk permeability, kb, on mountain-scale, buoyant, vapor 

convection, 
2) the effect of kb layering on mountain-scale, buoyant, vapor convection, and 
3) the size of the repository.  

In considering the sensitivity of mountain-scale, buoyant, vapor convection to kb, 

the initial suite of calculations have assumed a uniform isotropic kb throughout the 

UZ. A wide range in kb was considered in order to examine when boiling and 

buoyant convective effects dominate thermo-hydrological performance. In 

particular, two thresholds were identified: The threshold kb (called kb-hyd) where 

mountain-scale, buoyant, vapor convection begins to dominate hydrological 
performance and the threshold kb (called kb-th) where this convection begins to 

dominate the thermal performance. J. Nitao also developed analytical expressions 

for these thresholds and found very good agreement between the analytically 

determined values and those determined in the modeling study. It was found that 

kb-th is generally an order of magnitude larger than kb-hyd. For example, for the 

reference SCP-CDR thermal load, kb-hyd is in the range of 1-5 darcy (10-12 to 5 x 10-12 

M2 ), while kb-th is approximately 50 darcy. For a lower areal mass loading (AML) of 

27.1 MTU/acre, kb-hyd and kb-th are approximately 10 and 100 darcy, respectively.  

Both the modeling study and the analytical expressions also show that as long as 

boiling results in a significant gas pressure buildup, boiling tends to suppress the 
effects of mountain-scale, buoyant, vapor flow.  

This month, kb distributions that are horizontally uniform but vertically variable 
were considered. This was done in consideration of the unpublished kb data of 

E. Weeks which indicate considerable layering of kb. In particular, it appears that kb 

may be considerably less in the nonwelded units (e.g., the nonwelded vitric PTn, the 
nonwelded vitric CHnv, and the nonwelded zeolitized CHnz) than it is in the 
welded units (e.g., the welded TCw, TSwl, TSw2, and TSw3).  

The first suite of layered-kb considered the case where the kb of the PTn is 
substantially less than the other units in the UZ. For a low Areal Power Density 
(APD) of 20 kW/acre and 30-yr-old spent nuclear fuel (SNF), yielding an AML of 

27.1 MTU/acre, a case with a kb of 84 darcy throughout the UZ and a case with a kb 

in the UZ of 84 darcy except in the PTn where kb is 320 millidarcy were considered.  

For the uniform case, mountain-scale, buoyant gas-phase convection behaves as 

though it is in an "open" system with respect to the ground surface. In the open 
system, the gas-phase velocity vectors are orthogonal to the ground surface in the 

vicinity of the ground surface. Buoyant vapor flow substantially increases the liquid 

saturation from the repository horizon all the way to the ground surface. In the case 

where kb is 320 millidarcy in the PTn, the PTn functions as a gas-phase flow barrier.  
Therefore, the gas-phase velocity vectors just below the PTn-TSwl contact tend to 

become tangential to this contact. The PTn effectively isolates the repository-heat
driven gas-phase convection cells from the ground surface, thereby causing the 

mountain-scale, buoyant, gas-phase flow system to be "closed" with respect to the 
ground surface.
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In general, hydrostratigraphic units (e.g., the PTn) which are found to have a 
substantially smaller kb can function as "vapor caps" which limit the vertical extent 
and magnitude of repository-heat-driven saturation alteration. The role which the 
PTn may play in limiting these repository-heat-driven effects may prove to be more 
significant than its impact on limiting the infiltration of meteoric water.  

The "size effect" (i.e., the areal extent of the repository) on the thermal behavior was 
also studied. For a high APD of 114 kW/acre and 30-yr-old SNF, yielding an AML of 
154.7 MTU/acre, repository areas of 559 and 1747 acres were considered. For a 559
acre repository, the duration of boiling, tbp, at the center of the repository is 11,400 yr.  
For a 1747-acre repository, tbp is 13,300 yr at the center of the repository. The effect of 
more than tripling the area of the repository (and the total waste emplaced) is to 
only increase tbp by 16%. It is planned to consider repository areas which are less 
than 559 acres in order to determine when the "size effect" begins to become more 
pronounced. These two 154.7 MTU/acre cases were reported on in "The Analysis of 
Repository-Heat-Driven Hydrothermal Flow at Yucca Mountain" by Buscheck and 
Nitao, Table 1 (page 854) of the Proceedings of the International High Level 
Radioactive Waste Management Conference. The second to last entry for tbp in 
Table i is incorrectly given as 10,685 yr (for the 154.7 MTU/acre, 1747-acre 
repository). The correct value should be 13,286 yr.  

Laboratory Experiments 

Study Plan 8.3.4.2.4.2, Rev. 0, "Laboratory Study of Hydrological Properties of the 
Near Field Environment" was reviewed at LLNL, and the comment resolution was 
completed. The Study Plan will be submitted to YMPO in May.  

Work continued to measure electrical resistivity as a function of moisture content 
of Topopah Spring Tuff samples from U3hg-1 and GU-3 holes at room temperature, 
using J-13 water as pore fluid. The purpose of following this experimental 
procedure is to determine the effect of the electrical conductivity of pore fluid on the 
relationship between the bulk electrical conductivity of a rock sample and the degree 
of saturation in it. The drying phase has been completed. The measured bulk 
resistivity using J-13 water as pore fluid at water saturation levels less than 80% is 
very similar to that when distilled water is used as pore fluid. When the saturation 
level is greater than 80%, the bulk electrical conductivity using J-13 water as pore 
fluid did not decrease with respect to increase of water saturation, as was observed 
when distilled water was used as pore fluid. The samples from GU-3 will be used 
for the experiment at high temperatures.  

Disc samples from G-4 core have been prepared for the determination of electrical 
resistivity as a function of water saturation at room temperature. These disc 
specimens are machined both parallel and perpendicular to the axis of the core.  
Isotropy in electrical resistivity will be determined.  

Work continued on an experiment to determine the effect of fracture surface 
coatings on the imbibition of water into the matrix. Eight Topopah Spring Tuff 
samples machined from outcrops from Busted Butte, NV were prepared for this
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purpose. Work progre.__s to determine the mineralogy o e coating material, the 

pore size distribution in the coating layers, and the porosity-of the samples.  

Sample preparation for determining the moisture retention curve and one

dimensional imbibition using G-4 core has been completed. These samples are 

being used to obtain experimental data for calculating relative permeability as a 

function of water saturation. The determination of moisture retention curves has 

been started, and the one-dimensional imbibition experiment will be started next 

month.  

The sample preparation of a fractured Topopah Spring tuff sample from the G-4 

hole for the fracture healing study is about 90% complete.  

Meetings and Publications 

The following papers were presented at the International High Level Radioactive 

Waste Conference held in Las Vegas, April 26-30: 
1) "The Analysis of Repository-Heat-Driven Hydrothermal Flow at Yucca 

Mountain" by T. Buscheck and J. Nitao, 
`2) "Large-Scale In Situ Heater Tests for Hydrothermal Characterization at 

Yucca Mountain", by T. Buscheck, D. Wilder and J. Nitao, 
3) "Single-Hole In Situ Heater Tests for Hydrothermal Characterization at 

Yucca Mountain" by G. Danko and T. Buscheck.  

The following papers were submitted as summaries to the FOCUS '93, Site 

Characterization and Model Validation, meeting to be held in Las Vegas on 

September 26-29, 1993: 
1) "Determination of the Characteristic Curves of Topopah Spring Tuff" by 

W. Lin, J. Roberts and J. Nitao, and 
2) "Electrical Resistivity of Topopah Spring Tuff as a Function of Water 

Saturation and Water Chemistry" by J. Roberts and W. Lin.  

1.2.2.2.3 Mechanical Attributes of the Waste Package Environment 

Work continued on Activity Plans for both laboratory and numerical studies of the 

geomechanics of the near field environment.  

Set-up of laboratory facilities for geomechanics testing of rock samples continued.  

Emphasis was on apparatus to determine the effect of the cristobalite behavior at 

temperatures of 200 - 250'C on the mechanical properties of the rock. This apparatus 

may be ready for operation in June. The laboratory will be initially used to support 

the Large Block Test. A post doc candidate to support the laboratory measurements 

was interviewed.
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1.2.2.2.4 Engineered Barrier System (EBS) Field Tests 

ESF Field Tests 

Study Plan 8.3.4.2.4.4, "Engineered Barrier System Field Tests" has completed review 
at LLNL. It will soon be submitted to YMPO.  

Large Block Test (LBT) 

The Scientific Investigation Plan for the Large Block Tests, SIP-NF-2 Rev. 0, has been 
reviewed by YMPO. Comment resolution will start next month.  

The design of the loading frame has been finalized. The Mechanical Engineering 
Department (LLNL) personnel have prepared fabrication drawings of the frame.  
The procurement process for the frame will start next month. The process of 
removing the surface material of the site at Fran Ridge will also begin in May.  
Preparation work for laboratory tests on smaller blocks and quarry of the large block 
have been started.  

A geomechanical numerical simulation of the Large Block Test (LBT) was initiated.  
The purpose of this work is to aid in the experimental design of the test and to 
provide a point of reference for evaluation of various thermal and material models 
for predicting the block response. The initial focus is on evaluation of options for 
the placement of heaters and the rate and duration of heating/cooling cycles, and to 
assist in the design of the type and location of diagnostic instrumentation, especially 
for the geomechanical measurements. Preliminary results for temperature, stress 
and displacement fields as a function of time from the start of heating should be 
available in mid May. An abstract describing this work was prepared as a summary 
for the FOCUS '93, Site Characterization and Model Validation, meeting to be held 
in Las Vegas on September 26-29, 1993. It is entitled "Geomechanical Analysis of the 
Large Block Test Using Numerical Techniques" by S. Blair and E. Kansa.  

The numerical model used for the simulation is FLAC which is a time-dependent, 
finite difference model capable of treating both mechanical and thermally induced 

stresses and deformations. It is a two-dimensional code in which materials are 
represented by arbitrarily-shaped quadnlateral zones. FLAC is based on a Lagrangian 
scheme which is well suited for large material deformations and is capable of using 
several built-in material models, including the ubiquitous joint model, and is 
installed on a Sun Sparc workstation.  

Review of specifications was initiated for several geomechanical diagnostic systems 
for the LBT. These include multiple point displacement extensometer (MPBX) 
systems, stress meters, acoustic velocity systems and a borehole scanner. This 
review led to the discovery the there may be two MPBX systems on site and efforts 
to locate them were initiated.
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The following pape: ias submitted as a summary the FOCUS '93, Site 

Characterization and-KModel Validation, meeting to be-held in Las Vegas on 

September 26-29, 1993: 
1) "Large Block Tests for the Coupled Thermal-Mechanical-Hydrological

Geochemical Processes" by W. Lin, S. Blair, J. Blink, T. Buscheck, Y. Chang, 

D. Chesnut, W. Glassley, J. Nitao, J. Roberts, J. Ueng and D. Wilder.  

1.2.2.2.5 Characterization of the Effects of Man-Made Materials on Chemical & 

Mineralogical Changes in the Post-Emplacement Environment 

Investigation activities into the stability and reactivity of organic materials continue 

with lab facilities having been completed.  

The potential for conducting studies on degradation of man-made materials in 

collaboration with New Zealand geothermal interests is being pursued as part of a 

geochemical analog project for the Yucca Mountain Project (see DOE trip report, 

March 26 - April 6, Drs. C. Bruton and W. Bourcier).  

Revision of the draft Man-made Materials Study Plan 8.3.4.2.4.5 continues.  

The following papers were submitted as summaries to the FOCUS '93, Site 

Characterization and Model Validation, meeting to be held in Las Vegas on 

September 26-29, 1993: 
1) Proposed Experiments: Effects of Diesel Fuel on the Yucca Mountain 

Repository" by S. Carroll and K. Jackson, 
2) "Colloids Derived from Materials Introduced into a Radioactive Waste 

Repository: A Report on the Current State of Knowledge" by A. Meike and 

C. Wittwer, and 
3) "Chemical Concerns for the Use of Man-Made Materials in the Post

Emplacement Environment" by A. Meike.  

1.2.2.3 Waste Form and Materials Testing 

1.2.2.3.1 Waste Form 

1.2.2.3.1.1 Waste Form Testing - Spent Fuel 

Spent Fuel Dissolution 

The remaining U02 dissolution experiments that are a part of the LLNL test matrix 

were started this month. They will be finished in May. These eight experiments are 

at temperatures of 50'C and 75°C, and at subatmospheric oxygen levels of 0.2% and 

2%. This group includes three identical runs at mid-values of the variables to test 

for reproducibility of the runs. The early results of these three runs agree with each 

other quite well, indicating that the data are of good quality. The early results of all 

eight runs seem to follow the trends of the test matrix runs completed earlier.  

Detailed analysis of the final results of the full test matrix will be required before 

formal conclusions can be made.
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/ Flow-through dissolution, tests at PNL on ATM-106 fuel (PWR fuel with burnup 
4- 48 MWd/kgM and fission gas release -18%) in both oxidized (O/M -2.4) and 

unoxidized forms are in progress. Another specimen of ATM-106 fuel was ( converted to U308 by heating in air overnight at 4250C. Flow-through dissolution 
tests on this material are also in progress. Preliminary results from these tests will 
become available in May.  

The following paper was submitted as a summary to the FOCUS '93, Site 
Characterization and Model Validation, meeting to be held in Las Vegas on 
September 26-29, 1993: 

1) "Uranium Dissolution Rates in Aggressive Water" by S. Steward, H. Weed 
and H. Leider.  

Spent Fuel Oxidation 

Dry Bath Testing 

The loaded dry baths continue to run without incident. Empty bath 5, being tested at 
2551C, ran for approximately one month before having unacceptable temperature 
fluctuations. The temperature controller operating mode was changed at the 
recommendation of the manufacturer, and the bath has remained stable (+.1°C) for 
the last three weeks. If the temperature remains stable, it is planned to load the dry 
bath with spent fuel for a high temperature run in May.  

Thermogravimetric Apparatus (TGA) 

The TGA upits have been taken out of storage. Flow meters, thermocouples, and 
balances are being calibrated. Pumps and seals are being refurbished. Trial runs on 
unirradiated U0 2 will be conducted for equipment checkout in May. B. Hanson has 
commenced preliminary operation of the TGAs. A revised test plan addendum will 
be completed prior to performing any quality affecting runs.  

Materials Characterization Center (MCC) Hot Cell Activities 

The report "Rationale for Determining MCC Spent Fuel Acquisitions" has been 
reviewed by LLNL and comments incorporated. The paper is now completing 
internal clearance at PNL.  

1.2.2.3.1.2 Waste Form Testing - Glass 

D-20-27 Unsaturated Testing of WVDP and DWPF Glass 

The N2 tests (SRL actinide-doped glass) continue with no sampling period occurring 
this month. These tests have been in progress for 368 weeks. The N3 tests (ATM-10, 
a West Valley actinide-doped glass) continue and have been in progress for 286 
weeks.  

A QA surveillance on the N2/N3 activities has been scheduled for June 1993.
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1.2.2.3.2 Metal Barriers

Revision of the Scientific Investigation Plan for the Metal Barrier Task (SIP-CM-01) 
has begun.  

Degradation Mode Surveys 

The review of the published literature on the corrosion and oxidation .behavior of 
iron and steel is continuing.  

Model and Test Development 

G. Henshall met with personnel from the Performance Assessment Technical Area 
to discuss his previous work with pitting survivability models and how this work 
might be applicable to the performance of a corrosion resistant material under 
repository environmental conditions.  

Recent capital funds authorization from YMPO will permit procurement of a high 
sensitivity thermogravimetric analysis unit. This unit will be used in an 
experimental study to discern at what point there is a transition between "dry" 
oxidation and "wet" corrosion. It is expected that the study will be conducted on a 
corrosion allowance material (such as carbon steel) with temperature, humidity, and 
surface condition as the principal variables. The transition between dry and wet 
conditions is very important with respect to performance of the container material 
and the design strategy for keeping the waste package in a "dry" condition for an 
extended period of time.  

The statement of work from Principal Investigators at ANL was received and 
forwarded to YMPO to prepare a SANL (interlaboratory agreement) for resumption 
of support for the crack growth studies. Work continues on setting up a facility at 
LLNL that will complement the work being performed at ANL.  

1.2-2.3.3 Other Materials 

This WBS element has not been funded in FY93.  

1.2.2.3.4 Integrated Testing 

1.2.2.3.4.1 Integrated Radionuclide Release: Tests and Models 

Determination of Elemental Profiles in Rocks, Minerals, and Glasses using the Ion 
Microscope 

Samples of single crystals of clinoptilolite 'to be used for diffusion experiments were 
added to #1N, Na, K and Ca chloride salts, heated to 85°C, and are currently 
maintained at that temperature. These crystals will be removed over the next 
month and their composition determined using the electron microprobe and 
secondary ion microscope.
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/ 
Interactions of Actinide-bearing Solutions with Rock Core Sa'-nples 

Flow testing of the saw-cut fracture at ambient temperature showed that the 

automatic flow monitoring system is working. Small oscillations in the differential 
pressure and consequent flow are readily detected using this system. These 
oscillations appear to be related to environmental factors and are not related to 
system "noise"; however, their exact cause has not been determined.  

Rod shaped bacteria were again noted in the effluent from the core. At low 

differential pressures, the bacterial growth effectively shut down fracture flow.  

Transmission Electron Microscopy (TEM) analysis of effluent showed the presence 

of iron (hematite) and silicon oxides (quartz) that may be related to the sawing 
process.  

1.2.2.3.4.2 Thermodynamic Data Determination 

No significant activities.  

1.2.2.3.5 Nonmetallic Barrier Concepts 

This WBS element has not been funded in FY93.  

1.2.2.4 Design, Fabrication, and Prototype Testing 

1.2.2.4.3 Container/Waste Package Interface Analysis 

The following paper was presented at the International High Level Radioactive 
Waste Conference held in Las Vegas, April 26-30: 

1.) "Drift Emplaced Waste Package Thermal Response" by D. Ruffner, 
T. Doering, G. Johnson, E. Platt, and J. Blink.  

1.2.3 SITE INVESTIGATIONS 

1.2.3.1 Site Investigations Coordination and Planning 

This WBS element has not been funded in FY93.  

LLNL has requested that the CCB approve addition of LLNL to the list of participants 
in the WBS Dictionary for this WBS element.  

1.2.3.2 Geology 

1.2.3.2.1.2.1 Natural Analogue of Hydrothermal Systems in Tuff 

This WBS element has not been funded in FY93.
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1.2.3.4-Geochemistry

.1.2.3.4.2 Geochemical Modeling 

Work continued on the Version 7.2 EQ3/6 package. Two new input file 

reformatters were created, one called xcon3 for EQ3NR and the other called xcon6 

for EQ6. These presently support conversions among three version levels (6.0, 7.0 

and 7.2). Conversions may be made from any supported level to any supported 

level, including to the same level. Conversions can also be made from the compact 

"W" format to the menu-style "D" format, and vice versa. These utilities replace 

older reformatters of less general capability. They are being used to facilitate testing 

Version 7.2 using the EQ3/6 test case library. They will be included in the 

Version 7.2 release package to allow users to convert their existing input files to 

Version 7.2. The Version 7.2 package will be released next month in both UNIX and 

PC forms. LLNL will update all YMP users.  

The above input file reformatters are also being used as test beds for the 

development of the Version 8.0 EQ3NR and EQ6 modules for handling input files.  

The reformatters will thus also be extended to convert older input files (including 

the EQ3/6 test library) to Version level 8.0. Both the compact and menu-style 

formats will be preserved, though a few general changes are being made to each to 

better assist the code user.  

1.2.3.5 Drilling 

1.2.3.5.2.1 Common-to-Drilling Support 

The WBS dictionary was updated to include LLNL in a geotechnical data collection 

support role. The CCB was requested to shift the work to 1.2.3.5.2.2 which has a 

more appropriate scope, and to add LANL since the NTS diagnostics group includes 

LANL personnel who may independently develop hardware.  

1.2.3.10 Altered Zone Characterization 

FY93 funding was received in this WBS element. PACS accounts were activated and 

work began.  

1.2.5 REGULATORY 

1.2.5.1 Regulatory Coordination and Planning 

This WBS element has not been funded in FY93.  

LLNL has requested that the CCB approve the addition of LLNL to the list of 

participants in the WBS Dictionary for this WBS element.
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1.2.5.2 Licensing

1.2.5.2.2 Site Characterization Program 

No significant activities.  

1.2.5.3 Technical DWta Management 

1.2.5.3.4 Geologic and Engineering Materials Bibliography of Chemical Species 
(GEMBOCHS) 

In the interest of mnemonics, two programs from the GEMBOCHS software library 
were renamed. DBAPP, an interactive FORTRAN/EQUEL code that facilitates 
review, modification, deletion and addition of GEMBOCHS data, has been renamed 
"FACET". DOOUT, a FORTRAN/EQUEL code that facilitates generation of 
GEMBOCHS-based thermodynamics datafiles for use with EQ3/6, GT, and other 
geomechanical modeling packages, has been renamed "JEWEL".  

The development of a WINDOWS/4GL (mouse-driven) version of JEWEL 
continued. This program facilitates interactive point-and-click generation of 
thermodynamic datafiles for EQ3/6, GT, and other geoemechanical modeling 
packages. Beta testing of the prototype was completed, the prototype design was 
modified significantly on the basis of this testing, and work commenced on the final 
version of the code.  

The CNGBOCHS system (Version 3.0) was installed on node s60 of the local sun 
network; this system is now available for use by local research groups (GEMBOCHS, 
*EQ3/6, etc.) for error reporting.  

Input was submitted for the Technical Data Catalog Quarterly for January - March 
1993.  

A. Simmons (YMPO), S. Bodnar, and R. Lewis ((M&O) visited LLNL on April 20 for 
an overview of the GEMBOCHS database and to discuss technical data management 
issues. J. Johnson presented the talk entitled "The GEMBOCHS Database and 
Software Library: Overview of Contents, Components and Applications".  

The paper by S. Daveler, S. Lundeen and J. Johnson entitled "CNGBOCHS: An 
Integrated Ingres-Email-Interleaf System for Processing Change Requests Associated 
with the GEMBOCHS Database and EQ3/6" was submitted to YMPO for approval.  

1.2.5.3.5 Technical Data Base Input 

The transfer of an additional* $60K by YMPO for this WBS element reported. last 
month was delayed. The amount now being sent will be $35K of which $10K will be 
used to fund R. Silva's participation in the Solubility Working Group. The 
remainder will be used to input backlogged data.
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1.2.5.4 Performance Assessment

1.2.5.4.2 Waste Package Performance Assessment 

Cladding temperature history and creep endurance 

Work continues on the scoping study of cladding temperature history for various 
drift emplacement heat loadings, and of cladding creep endurance. Drift backfill 

75 years after waste emplacement is assumed. Based on recent literature, the 

temperatures are somewhat higher than in the earlier parameterization of thermal 
results, but feasible repository loadings can meet both dryout and cladding goals.  

The cladding creep model was extended to incorporate reduced pressure load due to 

the progress of creep. This effect had been included in some previous papers, but 

just examined and not included in others; non-inclusion is somewhat conservative.  

The main contributors to elevated temperatures in the fuel cladding are the heating 

of the rock mass (dependent on the areal power density) and the temperature 
difference across the backfill (dependent on the package's heat generation rate at any 

given time and on the backfill's thermal conductivity). The container wall-to-center 
difference contributes only on the order of 10% of the total heat rise, assuming a 21

PWR-assembly container. The current analysis based on recent papers gives 

somewhat higher temperatures than reported in the February monthly report.  
There are still some feasible loading plans that will provide an APD of 90

100 kW/acre using 30-year-old spent fuel (AML of 122 to 136 MTU/acre) and still 

meet the cladding strain limit as calculated by a conservative approach. These 
loadings have 10 to 12 PWR assemblies per waste package, rather than 21 assemblies 
as in the preliminary analysis. Increasing the loading per package would require 
some other design choices affecting the heat transfer. The thermal calculation 
references are two papers from SNL (E. E. Ryder, "Results of Two-Dimensional 
Near-Field Thermal Calculations in Support of M&O Study on Repository Thermal 

Loading," SNL internal report, July 1992; and J. F. Holland, '"he Results of Near
Field Thermal and Mechanical Calculations of Thermal Loading Schemes," 
International High Level Radioactive Waste Conference, Las Vegas, NV, April 26
30, 1993, p. 868) and one from LLNL (D. Ruffner et al., "Drift Emplaced Waste 
Package Thermal Response", International High Level Radioactive Waste 
Conference, Las Vegas, NV, April 26-30, 1993, Las Vegas, NV, p. 538).  

The cladding creep rate is dependent on temperature and stress. Creep reduces the 
stress. In the initial analysis used above, this source of reduction was not included.  
Further analysis showed that including it makes an appreciable difference, with 
improved performance. The stress is generated by internal gas pressure in the fuel 
rod. The internal gas is a fill gas plus a small amount of fission gas released to the 
fuel rod's void space. During reactor operation, the fuel pellets swell, reducing the 

void volume by 30% to 50%. Gas pressure depends on temperature and volume.  
The cladding creep increases the volume progressively. Chin and Gilbert (Nucl.  
Tech., , p. 57, 1989) examined this but decided to indude only the reduction in gas 

pressure resulting from decaying temperatures. This is somewhat conservative, and 
if the creep strain at the rupture threshold is low, this is not overly constraining on 
design temperature selection. The dependence of stress on accumulated strain was 
included in another paper by the Chin group (Nucl. Tech., 97, p. 316, 1992) and by
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Mayuzurni and Onchi (J. Nucl. Materials, 175, p. 135, 1990 and Nucl. Tech., 93 p. 382, 
1991). The creep model was extended to include the strain-dependent effects and it 
was found that it makes an appreciable difference in extending creep lifetime and a 
modest difference in increasing the allowable temperature. Analysis is continuing.  
Note that creep of cladding can occur mainly in two time periods: the first decade of 
temporary dry storage, if utilized, and the first few decades after backfill is emplaced 
in repository disposal. It is urged that there be coordination of creep allowables in 
these two design periods before changing any allowables to take the benefit of the 
finite-strain effect on creep.  

Near-field environment model for a thermally dependent source term 

LLNL is developing a summary model of the near-field environment of the waste 
packages. This will consider the thermal transient and dryout based on papers by 
J. Nitao, T. Buscheck and others. The product will be time histories, in table or 
algorithm form, of temperature, fractional saturation, fraction of waste packages 
wetted, and liquid water flux. In March, a calculational procedure was implemented 
to evaluate the distance of fracture flow penetration due to refluxing of condensate 
water above the repository. This procedure includes a spatial variability in water 
flux and in fracture sizes, and hence a spatial variability in distance of refluxing.  

The paper by W. O'Connell, T. Ueng and L. Lewis entitled "Post-Closure 
Performance Assessment of Waste Packages for the Yucca Mountain Project" was 
submitted to YMPO for approval.  

The PANDORA-1.1 users manual is in technical editing for reviewer's stylistic 
comments and for ease of use.  

R. Stout and L. Lewis participated in a review meeting March 31 April 1 in 
Richland, WA for the software requirements specification of the AREST code.  

W. Halsey attended Performance Assessment Management meetings in Las Vegas 
on April 7 and April 29. The focus of the first meeting was to discuss TSPA-II 
schedule and content, and the focus of the second meeting was to discuss FY94 
annual plan preparation.  

W. Halsey and J. Gansemer visited SNL in Albuquerque, NM on April 21 to discuss 
Performance Assessment source term issues with Sandia staff.  

W. Halsey gave a presentation to the OCRWM Student Fellows Conference in 
Las Vegas on April 26.  

W. Halsey, W. O'Connell and A. MacIntyre attended the International High Level 
Radioactive Waste Conference, Las Vegas, NV, April 26-30, 1993, Las Vegas, NV.  
A. MacIntyre was a session chairperson.
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'-1.2.9 PROJECT MANAGEMENT 

1.2.9.1 Management and Coordination 

1.2.9.1.2 Technical Project Office Management 

W. Clarke and J. Blink attended the TAG meeting in Livermore on April 14.  

J. Blink presented lectures on fission and fusion to five classes at Valley High School 
in Las Vegas on April 12. He also presented hands-on science to three Burkholder 
Middle School classes (Henderson) on April 13, five Sandy Valley Elementary 
School classes on April 15, five Tonopah Elementary School classes on April 16, and 
five Charlotte Hill Elementary School (Las Vegas) classes on April 19. Finally, he 
presented a hands-on laser workshop to twenty Science Now high school students at 
the DOE Nevada Operations Office on April 22.  

J. Blink attended the Quality Integration Group (QIG) meeting in Las Vegas on 

April 1 and the monthly management meeting in Las Vegas on April 12.  

1.2.9.2 Project Control 

1.2.9.2.2 Participant Project Control 

The March cost/FTE report was submitted to YMPO. The March actual schedule 
progress and costs were submitted via the PACS workstation. The Cost Plan was 
updated to include March actuals. A variance analysis explanation was developed 
for several P&S accounts for activity undertaken in February.  

A Change Control Request was submitted to modify budget and workscope for M4etal 
Barriers, WBS 1.2.2.3.2. Changes accounted for an additional $100,000 to fund crack 
growth studies at ANL. -The preparation of an additional SANL (interlaboratory 
agreement) with ANL to perform crack growth studies is in process.  

LLNL staff met with YMPO staff to discuss current budget and costs for FY94 for 
WBS 1.2.9 and 1.2.15. DOE issued directions that the 1.2.9 account was not to be used 
to finance occasional, ad hoc activities for work in other third level WBS elements.  
Also, direction was received to transfer $30k from 1.2.9.2.2, Project Control, to 
1.2.9.1.2, TPO management.  

The automating of the transfer of data between laboratory financial systems and the 
PACS workstation has been placed on hold until staffing is completed in the Project 
Control group. Several candidates have been interviewed for two position 
openings: Project Control Coordinator to assist in the development and 
maintenance of the PACS database; and an Engineering/Scientific Coordinator to 
provide planning, programmatic and technical support for Technical Area Leaders.  
A candidate has been selected for the Engineering Scientific Coordinator position, 
and if the candidate accepts the position, training will begin immediately. The 
Project Control Coordinator position is still unfilled, and a suitable candidate has 
not been found. Supplemental labor will be used to fill this position until a 
permanent replacement can be found.
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The LLNL FY94 IRM Long Range Plan which identifies computing resources 
acquisitions for next year was submitted. The plan addresses both software and 
hardware and includes major system initiative planning for components costing 
more than $25,000.  

J. Podobnik attended the IRM council meetings in Las Vegas April 27-28. The 
meeting covered the direction the project is following for telecommunications, 
connectivity and information databases.  

1.2.11 QUALITY ASSURANCE 

1.2.11.1 Quality Assurance Coordination and Planning 

R. Monks has accepted the position of Quality Assurance Manager and is expected to 
begin work at LLNL in May.  

M. Revelli attended the Quality Assurance Managers Meeting in Las Vegas on 

April 20.  

1.2.11.2 Quality Assurance Program Development 

Work continued on the activities to implement the new QARD and completion of 
implementing documents. The following documents were completed and issued: 

1 033-YMP-QP 2.8, Rev. 3, Quality Assurance Grading, 
2) 033-YMP-QP 6.0, Rev. 4, Document Control, 
3) 033-YMP-QP 2.9, Rev. 4, Indoctrination and Training, and 
4) 033-YMP-QP 15.0, Rev. 3, Nonconforming Items.  

Scientific Investigation Plan Change Notice SIP-CM-01-1-1 (Container Materials) was 
completed and transmitted to YMPO for approval. The CN was issued "For Interim 
Use".  

Scientific Investigation Plan Change Notice SIP-07-0-1 (Revisions, Qualifications 
and Maintenance of Baseline Geohydrology Codes) was completed and transmitted 
to YMPO for approval. The CN was issued "For Interim Use".  

A Change Notice (LLNL-QAG-L020-0-1) to the Grading Report for Activity E-20-16, 
"Metal Barriers Model Development", was completed and issued effective April 2.  

A Change Notice (LLNL-QAG-L-042-0-1) to the Grading Report for Activity 1-20-22, 

"Extend Pandora I to 1.1", was completed and issued effective April 5.  

1.2.11.3 Quality Assurance Verification 

1.2.11.3.1 Quality Assurance Verification- Audits 

Representatives from YMPO visited LLNL on April 6 through April 8 to dose CARs 
YM-92-064 and -065 resulting from Audit YMP-92-21.
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1.2.11.3.2 Quality Assura _..- Verification - Surveillance 

Representatives from YMPO verified the closure of CAR-YM-93-017 resulting from 

Surveillance YMP-SR-92-028 during their visit to LLNL on April 6 through April 8.  

1.2.11.4 Field Quality Assurance/Quality Control 

This WBS element has not been funded in FY93.  

1.2.11.5 Quality Assurance - Quality Engineering 

No significant activities.  

1.2.12 INFORMATION MANAGEMENT 

1.2.12.2 Records Management 

1.2.12.2.2 Local Records Center Operation (LRC) 

Five new revisions and five change notices were issued by Document Control.  

1.2.12.2.3 Participant Records Management 

A total of 228 items were logged into the LLNL-YMP tracking system. This includes 

80 records/records packages that were processed through to the CRF. Three action 

items were dosed.  

Nearly all 1992 records have been cross referenced from the database to microfilm.  

B. Bryan and T. Holmes attended the Records Coordinator Meeting in Las Vegas on 

April 26 and 27.  

1.2.12.2.5 Document Control 

LLNL received no funding under this WBS. Work performed to complete LLNL's 

obligation in this WBS is funded under WBS 1.2.12.2.2.  

1.2.13 ENVIRONMENT, SAFETY AND HEALTH 

1.2.13.1 Environment, Safety and Health Coordination and Planning 

J. Blink provided input to the ALARA committee meeting on April 16.  

1.2.15 SUPPORT SERVICES 

1.2.15.2 Administrative Support 

Verbal responses were made to additional questions regarding input to the PR 8, Site 

Characterization Progress Report- Yucca Mountain, Nevada.
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1.2.15.3 Yucca Mountain Site Characterization Project (YMP) Support for the 
Training Mission 

Three different self-study assignments were issued, and 24 people were trained to 
these assignments. Currently, there are 69 participants on the project who are to be 
trained and/or tracked.
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