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EXECUTIVE SUMMARY
(Items Proposed for Reporting in YMPO or OGD Reports)

1) WBS 1.2, Yucca Mountain Site Characterization Project: LLNL-YMP and its
subcontractors have prepared 19 papers for the International High Level Radioactive
Waste Management Conference to be held in May 1994.

2) WBS 1.2.1.5, Special Studies: A drift-scale model was used at LLNL with areal
mass loadings (AMLs) of 24.2. 35.9, 55.3. 83.4, and 110.5 MTU/acre to illustrate
how heterogeneity at the sub-repository-scale might result in focused vapor and
condensate flow in the vicinity of an emplacement drift. A 1.6 m wide, high bulk
permeability (kb) zone was aligned along the axis of the waste package and flanked
by low-kb zones. The gas-phase pressure differential between these zones drove
water vapor back toward the drift and into the high-kb zone. Water vapor flowed
up the high-permeability zone until it condensed and drained back down. Enough
water vapor entered and.condensed in this zone to cause the condensate drainage
flux to be large enough to maintain refluxing in the repository. For the 24.2
MTU/acre case, the resulting heat-pipe effect enabled the temperature at the top of
the drift to remain at the nominal boiling point for the entire duration of the boiling
period (about 300 yr), causing a depression in the dry-out zone. This refluxing zone
persisted for more than 2000 yr, long after boiling had ceased. For high AMLs, the
heterogeneity can be overcome by dry-out. After a relatively short period of time,
the thermo-hydrological behavior for the 83.4 and 110.5 MTU/acrc cases with
extreme lateral heterogeneity was virtually the same as it was for a homogeneous

distribution.

3) WBS 1.2.1.5 Special Studies: There has been considerable debate over what
constitutes a "cold" repository. One view is that a cold" repository is one in which
local temperatures never exceed boiling. Another view is that it is only necessary
for the average repository temperature never to exceed boiling. What is not usually
stated, but sometimes implied, is that sub-boiling temperatures can be equated with
the absence of significant repository-heat-driven effects. Analyses at LLNL show
that boiling conditions can persist around an emplacement drift even if the average
repository temperature is well below the boiling point. Moreover, if buoyant, gas-
phase convection is found to be significant, it can drive substantial vapor and
condensate fluxes whether or not boiling ever occurs. On the other hand if
buoyant gas-phase convection is found to be insignificant, a boiling period of
sufficiently limited duration may be shown to generate condensate fluxes that have
only a minor impact on performance. The absence of local boiling conditions is not,
in itself, an adequate indicator of whether repository heat drives significant vapor
and condensate flow. Average repository temperatures are an even poorer indicator
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of the significance of repository-heat driven hydrothermal flow to the performance
of a low areal mass loading (AML) repository. Diagnosing whether sub-boiling
conditions can be equated with the absence of significant repository-heat-driven
effects will require in situ heater tests conducted under sub-boiling as well as
above-boiling conditions.

4) WBS 1.2.2.3.1.1, Waste Form Testing Spent Fuel: Analysis is continuing of
the combined spent fuel (PNL) and U02 (LLNL) dissolution data. Results indicate
that dissolution rates are most strongly dependent on dissolved oxygen
concentration and that the oxygen dependence is sensitive to both sample type
(spent fuel or unirradiated U0 2) and temperature. Aside from oxygen
concentration, dissolution rates are most dependent on temperature followed by a
lesser dependence on carbonate concentration. Changes in pH had the least effect
on the dissolution rates.

5) WBS 1.2.2.3.1.1. Waste Form Testing - Spent Fuel: An interim examination of
drybath spent fuel oxidation tests at PNL (under sub contract to LLNL) was
conducted in December. The sample weights continued to rise in the 255C test
and are up to an oxygen-to-metal ratio as high as 2.57 in some cases. No plateau
was formed at an oxygen-to-metal ratio of -2.4 as has been observed in other
tests. A suite of samples was taken from the tests in the oxygen-to-metal range of
2.4 to 2.6 for the purpose of electro-optical examination to look for the growth of
additional phases.

6) WBS 1.2.2.3.1.2, Waste Form Testing - Glass: The N3 glass (ATM-10, a West
Valley actinide-doped glass) dissolution tests at ANL (under sub-contract to LLNL)
were sampled for the first time in nearly 3.5 years, for analysis of pH. carbon,
radionuclides, anions, cations, and colloids. The glass had undergone significant
reaction based on visual observation, with a gray-green layer covering the top and
side surfaces of the glass. There were areas on the side surfaces of the glass
where the layer had broken free from the glass and had been transferred to
solution. Colloid analysis performed with transmission electron microscopy will be
used to determine the form of particulate species in the solution. Additional
reaction was observed in one of the tests, for the first time, between the glass and
the metal retainer which holds the glass in position. The 304L type stainless steel
components in the test apparatus were originally given a mild degree of
sensitization to account for heat treatment of the glass pour canisters that will
occur during processing. There was a strong interaction that resulted in the bottom
metal component taking on a rusted appearance, and considerable particulate
material in the solution, both on the vessel bottom and floating on the solution
surface. Samples for colloid analysis were taken from the middle of the solution,
and the remaining particulate species were retained in the remaining solution and
test vessel for future analysis.

7) WBS 1.2.2.3.2, Metal Barriers: LLNL initiated a subcontract at Iowa State
University to complete the degradation mode survey on ferrous materials (carbon
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steels, alloy steels, and cast irons) that are being considered in multiple barrier
concepts. Over 80 technical papers and 10 textbooks/handbooks have been
obtained and are currently under review, which will continue through the first half
of February. Following completion of the review, additional relevant effects relating
to galvanic corrosion, microbiologically influenced corrosion and other subjects will
be evaluated.

8) WBS 1.2.2.3.2. Metal Barriers: LLNL is performing computer simulations to
determine the effects on pitting corrosion of the number of cells (and pits),
exposure time, and growth probability The results of these simulations suggest the
following:

1) Using a large number of cells does not significantly affect the shape of the
distribution of pit depths although it produces a smoother distribution than if
a small number of cells is used.

2) As the exposure time increases, the distribution gradually decreases in
height, broadens, becomes less skewed toward small depths, and moves to
larger depths.

3) Decreasing the growth probability decreases the rate at which the distribution
evolves but not the character of the evolution.

9) WBS 1.2.2.3.5, Non-Metallic Barriers: The ability of the ceramic manufacturing
industry to produce large, monolithic, oxide ceramic vessels was reviewed at LLNL.
A few companies are capable of doing so, but there has not been a large enough
market to justify the capital expenses associated with producing large numbers of
such parts.

10) 1.2.3.4.2, Geochemical Modeling: EO3/6 Version 7.2a was completed on
December 28. LLNL prepared distribution packages for all existing YMP users.
Packages were also prepared at the direction of YMPO for new users G. Loge of
LANL and the CHEMVAL study participants. The packages are being transmitted
through the LLNL-YMP Records Center.

11) 1.2.3.10.1, Characterization Techniques for the Altered Zone: Preliminary
activities to begin experiments at LLNL that will evaluate the effect of relative humidity on
reaction products and rates in vitric material continue. Sample characterization was
completed, and the experiments have been started. The reaction products will be
provided to LANL for use in studies of dehydration/rehydration effects in single phases.

12) 1.2.3.10.1, Characterization Techniques for the Altered Zone: LLNL
experiments that examine rock-water interaction in relevant lithologic units at different
relative humidities continue. The high temperature experiments were successfully
terminated, the samples were retrieved, and water analyses were completed. The run
products appear to be predominately zeolites, and the reaction appears to have gone to
completion, although more thorough characterization of the samples is required before
this can be concluded.
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13) WBS 1.2.3.12.2, Hydrologic Properties of the Waste Package Environment:
LLNL used repository scale unsaturated zone saturated zone (UZ-SZ) models to
analyze the sensitivity of mountain-scale, buoyant, gas-phase convection to bulk
permeability, kt,. The kt) distribution was varied vertically in consideration of the
unpublished kb data of Weeks (USGS) which indicates considerable layering of kt,.
In particular, it appears that kb may be far smaller in the nonwelded units (Prn and
CHn) than in the welded units. Areal mass loadings (AMLs) of 27.1 and 154.7
metric tons of uranium per acre were used, and the net buildup of liquid water
above the repository was used as a figure of merit. Because an equivalent
continuum model was used, shedding of water was not calculated, and higher
levels of water buildup are predicted than may occur in the actual system.

For the low-AML. repository, a reduced in the PTn reduced water buildup by half.
For the uniform-kb case, mountain scale convection behaves as though it is in an
open" system with respect to the ground surface. Buoyant vapor flow results in a

substantial increase in liquid saturation from the repository horizon all the way to
the ground surface. When kb in the PTn is reduced, this unit functions as a gas-
phase flow barrier or "vapor cap", effectively isolating the convection cells from the
ground surface, thereby causing the convective system to be closed". The
resulting decrease in the gas-phase flow velocities causes an overall reduction in
water buildup. A reduced kb in the CHn also reduced water buildup by half. The
reduction in kh i the CHn impedes buoyant flow through it, effectively decoupling
it from the mountain scale convective system. The resulting reduction in the
vertical extent of the convective system has the effect of reducing the gas-phase
velocities and the quantity of water that can be vaporized and convected from
below the repository to above, where it condenses. Reducing kb in both the PTn
and CHn reduces water buildup by another factor of two relative to the case with
the reduced kb in the PTn.

For the high-AML cases, an open convective system results in a much more
substantial loss of water vapor to the atmosphere than for a low-AML repository. A
reduced kb in the CHn reduces water buildup by nearly half compared to the
homogeneous system, which is similar to the effect shown for the low-AML
repository although both cases have only about 1/3 the water buildup Of the
corresponding low-AML cases. Reducing kb in the PTn produces a water buildup
larger than the other high-AML cases, and about the same as the corresponding
low-AML case. Reducing kb in both the PTn and CHn for the high-AML case also
produces about the same water buildup as the low-AML case.

14) WBS 1.2.3.12.2, Hydrologic Properties of the Waste Package Environment:
Repository-scale calculations at LLNL addressed the effect of enhanced gas-phase
diffusion on repository-scale hydrothermal performance. The other water vapor
transport mechanism is advective transport. For diffusion driven by a thermal
gradient of a condensible component, such as water vapor, the diffusive flux is
enhanced. Normally, diffusive transport of water vapor is obstructed by liquid
water that blocks pore throats; consequently, diffusion is reduced at higher liquid
saturations. However, the thermal gradient sets up a vapor pressure gradient in the
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gas phase which causes water to evaporate from a blockage and diffuse in the gas
phase to a cooler blockage, where it condenses. The process continues as the
water evaporates on the other side of the blockage. Another phenomenon further
increases diffusive fluxes under non-isothermal conditions. The gas-phase thermal
conductivity is much less than that in the liquid and solid phases, so that the
temperature gradient in the gas phase between liquid blockages is greater than the
average temperature gradient of the bulk porous medium.

The diffusion enhancement factor is a function of liquid saturation and temperature.
Ai, issue has been raised concerning the role that enhanced gas-phase diffusion
might play in transporting water vapor from the water table to the repository at late
time, well after temperatures have dropped below boiling. Because gas-phase
diffusion is primarily driven by temperature gradients, it is useful to consider the
temperature difference between the top of the saturated zone (SZ) and the
repository horizon. Because the repository is the primary source of heat flow for a
long period of time, temperatures at the repository exceed those at the top of the
SZ for a long period of time. As long as this occurs, the diffusive flux of water
vapor below the repository will be downward (away from the repository).
Eventually, the geothermal flux will again dominate the vertical temperature profile,
causing it to be reversed (i.e., directed from the SZ back towards the repository).
For an areal mass loading (AML) of 27.1 MTU/acre, it takes 3000 yr before the
vertical temperature gradient reverses at the outer edge of the repository. and 5850
yr at the repository center. For an AML of 154.7 MTU/acre, it takes 20 400 yr
before the temperature gradient reverses at the outer edge and 34,400 yr at the
repository center. Consequently, the diffusive flux of water vapor from the SZ will
be directed up toward a low-AML repository long before it is for a high AML
repository. Comparing the low-AML case to the high-AML case, we find that the
vertical temperature gradients that drive water vapor from the SZ to the repository
are steeper, occur over a greater percentage of the repository area, and last longer
for the low-AML case. Therefore, the contribution of the diffusive flux of water
vapor from the SZ to the overall moisture balance at the repository will be greater
for low-AMLs than for high-AMLs.

It is important to note that not only is water vapor diffusing up toward the
repository from below, but it also diffuses away from the repository, both vertically
upward and radially, and at greater rates. These observations corroborate
calculations presented by LLNL last month that show the net effect of enhanced
vapor diffusion on the moisture balance at the repository is to make it drier rather
than wetter.

15) WBS 1.2.3.12.4, Engineered Barrier System (EBS) Field Tests (Large Block
Test): The first slot, that is the saw cut on the northern face of the large block, has
been completed. Core examination to determine fracture locations on the cores
recovered from the 17 vertical holes is in progress.
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Issues and Concerns

None at this time.
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TECHNICAL SUMMARY

1.2.1. SYSTEMS ENGINEERING

1.2.1.1 Systems Engineering Coordination and Planning

J. Blink participated in the Value Engineering Study on the Integrated Data System
for the ESF in Las Vegas on January 1 1 and 1 2.

1.2.1.5 Special Studies

T. Buscheck continued to support the thermal loading systems study with the drift-
scale model for areal mass loadings (AMLs) of 24.2, 35.9, 55.3, 83.4, and 110.5
MTU/acre. We assume a Youngest Fuel-First spent nuclear fuel (SNF) receipt
scenario with a 10 yr cut-off for the youngest fuel referred to as YFF(10)) and
account for (in yearly increments) the emplaced inventory of BWR Waste Packages
(WPs) containing 40 assemblies per WP, and PWR WPs containing 21 assemblies
per WP. The waste receipt schedule was supplied by John King of the M&O. The
drift-scale calculations use the 21-PWR and 40-BWR WP receipt scenario previously
assumed in the repository-scale models with one important distinction. Rather than
blending all of the WPs received over the 23 yr emplacement period, we assumed a
WP receipt scenario which is more realistic in analyzing the local hydrothermal
performance in the vicinity of an individual emplacement drift. For these
calculations, we blended the heat output for the first 63 PWR WPs and 46 BWR
WPs received during the first two years of repository operation.

We used a highly idealized example in order to illustrate how heterogeneity at the
sub-repository-scale might result in focused vapor and condensate flow in the
vicinity of an emplacement drift. In this example, a 1.6 m wide, high-kb zone is
aligned along the axis of the WP and flanked by low-kb zones. The gas-phase
pressure differential between these zones drives water vapor back toward the drift
and into the high-kb zone. Water vapor flows up the high-permeability zone until it
condenses and drains back down. Enough water vapor enters and condenses in
this zone to cause the condensate drainage flux to be large enough to maintain
refluxing in the repository. For the 24.2 MTU/acre case, the resulting heat-pipe
effect enables the temperature at the top of the drift to remain at the nominal
boiling point for the entire duration of the boiling period (about 300 yr), causing a
depression in the dry-out zone. This refluxing zone persists for more than 2000 yr,
long after boiling has ceased. This example of lateral heterogeneity is similar to
calculations reported in past monthly reports, where we showed that spatial
variability of hydrological properties can strongly influence thermo-hydrological
behavior under sub-boiling conditions. We applied the same kb distribution to AMLs
of 24.2, 35.9, 55.3, 83.4, and 110.5 MTU/acre. For high AMLs, the heterogeneity
can be overcome by dryout. After a relatively short period of time, the thermo-
hydrological behavior for the 83.4 and 110.5 MTU/acre cases was virtually the
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1.2.2.2 Waste Package Environment

This work is now being reported in WBS 1.2.3.12.

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

Analysis is continuing of the combined spent fuel (PNL) and U02 (LLNL) dissolution
data. Results indicate that dissolution rates of spent fuel and unirradiated U02 are
about the same and respond similarly to changes in pH, temperature, and carbonate
concentration. However, the two materials responded very differently to dissolved
oxygen concentration. Approximately half-order reaction rates with respect to
oxygen concentration (i.e. the reaction rate is proportional to the square root of the
oxygen concentration) were found for U02 at all conditions. Spent fuel dissolution
rates were nearly independent of oxygen concentration at room temperature. At
75'C, reaction orders of 0.35 and 0.73 were observed in matched pairs of spent
fuel experiments. There was some indication that the reaction order with respect to
oxygen concentration might be dependent on pH and/or carbonate concentration as
well as on temperature.

Aside from oxygen concentration, both spent fuel and U02 dissolution rates are
most dependent on temperature followed by a lesser dependence on carbonate
concentration. Changes in pH had the least effect on the dissolution rates of both
materials .

Activation energies calculated from regression analysis are in the range of 6.9 to
7.7 kcal/mol. These values are in reasonably good agreement with the estimates by
others of 4.5 to 6.0 kcal/mol between 25 and 150'C for spent fuel in groundwater
containing approximately 0.001 mol/L carbonate.

t Fuel an

Tests at ANL under unsaturated conditions at 90'C are evaluating the long-term
performance of spent fuel in the potential repository. These tests examine the
leach/dissolution behavior of two types of well characterized irradiated PWR fuels,
ATM-103 and ATM-106, in three types of tests. The tests include two with a
saturated water vapor atmosphere; two tests with a drip rate of 0.075 ml/3.5 d
which is representative of the potential repository water flow conditions; and two
tests with a drip rate of 0.75 ml/3.5 d to simulate the effect of a higher volume,
less frequent water flow. A control test without fuel but with a 0.075 ml/3.5 d drip
rate is also included. The EJ-13 water for the tests came from well J-13 and was
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equilibrated with volcanic tuff for approximately 80 days at 90C. The seven tests

have undergone 490 days of testing at 90C.

Tests on U02 using the drip test method at a drip rate of 0.075 mL/3.5 d of EJ-13
water are also ongoing. Results of these tests have been published in the past, and
the tests have been ongoing for about eight years. At present, no sampling of the
tests is planned. The tests will be brought under the activity plan per the ANL Test
Plan, but the readiness review will be offset from that for the Spent Fuel Tests.

An Activity Plan is currently being written to complete the planning for continuing
these initially-scoping experiments under full QA Program control. When the
planning documents are approved, this work will be reported under the appropriate
quality-affecting activity number.

DryBath Testing

A drybath interim examination was conducted in December. The sample weights
continued to rise in the 255 C test and are up to an oxygen-to-metal ratio as high
as 2.57 in some cases. No plateau was formed at an oxygen-to-metal ratio of -2.4
as has been observed in other tests. As previously reported, these samples are
primarily U,0 9 with only a trace of U 308. The remainder of the tests showed no
unusual weight gains. A suite of samples were pulled from the tests in the oxygen-

metal range of 2.4 to 2.6 for the purpose of electro-optical examination to look
for the growth of additional phases.

Prior to startup, a new waste bucket was installed in the cell. In the process, a lead
feedthrough fell into the cell on top of Drybath 6 which was not being used. The
bath was destroyed and dislocated Bath 5 which contained the 255 C test. After
cleanup, all the Bath 5 samples and a representative number of samples from the
other baths were reweighed. In all cases except the P2 samples in Bath 5, the
weight change from before the accident was one milligram or less, which is
equivalent to an oxygen-to-metal uncertainty of .001 (within the range of
experimental error). The powdered samples from Bath 5 showed an appreciable
weight loss as high as 250 mg. This loss should have no impact on the test data as
it can be corrected for by treating it as if a subsample had been removed. The
remaining samples in the bath showed weight gains or losses in the range of one
milligram, which is consistent with the other baths. It is not thought that there was
any cross contamination. In all probability, when the bath was impacted, the lid
lifted off the bath and some of the fine material in the powdered samples got blown
into the cell proper. Since it was not determined that the mishap influenced the
validity of the tests, the drybaths were restarted. Formal documentation of this
event is being prepared for project records.
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The test in TGA#1 at PNL at 270 C using a 203 mg ATM-105 (BWR) spent fuel
fragment continues. This test has run for 2158 hours and has reached a bulk
oxygen-to-metal ratio of 2.57 (and is still increasing).

The test in TGA#2 at PNL using a 214 mg fragment of ATM-105 spent fuel at 283
C continues. This test has run for -1100 hours and has reached a bulk oxygen-to-
metal ratio of 2.49. The sample is exhibiting a very slow, creeping rate of oxidation
above the 2.4 oxygen-to-metal ratio. This behavior is markedly different from the
behavior of a similar test at the same temperature, which oxidized to a bulk oxygen-
to-metal ratio of 2.79 in only 793 hours. This difference may be the result of two
power outages in the current test that caused the furnace to turn off and allowed
the sample to cool to room temperature.

The sample oxidized at 305'C for 210 hours to an oxygen-to-metal ratio of 2.75
and the sample oxidized at 255 C for 5252 hours to an oxygen-to-metal ratio of
2.41 have been transferred to the PNL Building 325 hot cells for subsectioning for
x-ray diffraction and scanning electron microscopy (SEM) analysis.

Initial SEM analysis of the sample oxidized at 283 C for 793 hours to an oxygen-to-
metal ratio of 2.79 revealed large amounts of inter- and intra-granular cracking as
well as crystal growth on the surfaces of many particles. The analysis of the
sample oxidized for 120 hours at 325 C to an oxygen-to-metal ratio of 2.73
revealed much finer particles with even more inter- and intra-granular cracking.
There is evidence of some crystal growth however, there is not as much growth as
the sample oxidized at 283 C. The previous x-ray diffraction analyses for both
samples showed they had almost completely oxidized to U 308 with only minor
amounts of U 40 9 remaining.

A TGA Test Plan Addendum has been completed. Revisions are currently being
incorporated .

Materials Characterization Center (MCC) Hot Activities

The liquid radioactive waste disposal holding tank for the PNL Building 325
analytical hot cells is being replaced. The anticipated completion date is March
1994. Until then only minor amounts of radioactive liquid waste can be generated
which precludes operation of any flow-through tests.

The PNL report Rationale for Determining MCC Spent Fuel Acquisitions was
cleared for publication by LLNL and YMPO in December. DOE-RL has delayed
clearance. LLNL has requested technical justification of the delay, and DOE-RL has
not responded as of the end of January.
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1.2.2.3.1.2 Waste Form Testing Glass

Work is in progress on the Activity Plan for Glass Dissolution Modeling. Work is
also continuing on the collection and evaluation of borosilicate glass dissolution data
obtained outside of the YMP for inclusion in the next version of the Waste Form
Characteristics Report.

The N2 tests PF actinide-doped glass previously described as SRL glass
continue as scheduled. These tests were sampled during December, and the results
of the solution analyses from this sampling period and several previous periods have
now been incorporated into a manuscript Results of Drip Tests on Sludge-Based
and Actinide-Doped Glasses" which has been submitted for approval to YMPO. It
will be presented at the International High Level Radioactive Waste Management
Conference to be held in Las Vegas in May 1994. These tests have now been in
progress for 96 months.

The N3 tests (ATM-10, a West Valley actinide-doped glass) were sampled for the
firs, ime since 9/10/90, a period of nearly 3.5 years. Four tests in the N3 series

ongoing, with one of the tests being a blank, where EJ-13 water is injected
into a vessel containing no glass. The remaining three tests are essentially replicate
tests containing glass. The sampling went smoothly, with the test solution being
saved for analyses and future use, while the glass test specimens were transferred
to another vessel, and the tests were continued. The total time the N3 tests have
now been in progress is about 74 months.

Samples were taken for analysis of pH, carbon, radionuclides, anions, cations, and
colloids. The glass had undergone significant reaction based on visual observation,
with a gray-green layer covering the top and side surfaces of the glass. There were
areas on the side surfaces of the glass where the layer had broken free from the
glass and had been transferred to solution. Colloid analysis performed with
transmission electron microscopy will be used to determine the form of particulate
species in the solution.

Additional reaction was observed in one of the tests. This reaction was between
the glass and the metal retainer which holds the glass in position. The 304L type
stainless steel components in the test apparatus were originally given a mild degree
of sensitization to account for heat treatment of the glass pour canisters that will
occur during processing. In previous test periods involving the N3 series, there had
been no visual interaction noted between the metal and the glass. However, in this
period, for one of the tests, there was a strong interaction that resulted in the
bottom metal component taking on a rusted appearance, and considerable
particulate material in the solution, both on the vessel bottom and floating on the
solution surface. Samples for colloid analysis were taken from the middle of the
solution, and the remaining particulate species were retained in the remaining
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solution and test vessel for future analysis. The other two tests containing glass
showed no visual evidence of a similar glass metal reaction.

A OAC surveillance on the N3 activities was performed on 1/12/94 during the N3
test sampling.

Sixteen parametric tests of DWPF and WVDP glass are continuing. Some have
been in progress for up to 8 years. No sampling has been done in several years and
none is anticipated this year although the solution injections will continue.

Several dozen tests on glasses exposed at 70°C at 60 and 95% relative humidity
(RH continue. No test terminations have been done for several years and none are
planned for this year. The tests will continue to be ongoing.

An Activity Plan will he written to complete the planning for continuing these
initially scoping experiments under full QA Program control. When the planning
documents are approved, this work will be reported under the appropriate quality
affecting activity numbers.

1.2.2.3.2 Metal Barriers
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

On a related project, D. McCright attended a Waste Acceptance Technical Review
Group (TRG) meeting January 19-20 in Denver, CO. In conjunction with the
meeting, the TRG visited the Coors Fabrication Facility in nearby Golden, CO.
Coors received a contract from the Defense High Level Waste Production Facility
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(DWPF) at Savannah River to produce 400 pour canisters. This run will provide
enough pour canisters for the Qualification Run campaign to begin later this year, in
which non radioactive glass will be poured into the canisters. This glass is
chemically the same as the expected production run of high-level radioactive waste
glass to begin in 1995. Some of the canisters in the Coors fabrication 400.can
production run will receive the first batches of radioactive glass. The Coors
fabrication facility purchases plate material of AISI 304L stainless steel from Jessop
Steel Co. The pour canister is fabricated from four individual pieces. The canister
body is rolled to the cylindrical shape and welded together with a longitudinal

weld. The bottom end, formed from plate and dished to contour the surface is then
welded to the body. Next, the top end, which has been contoured and includes a
hole bored through it is welded to the body. As the final step, the machined

nozzle and pintle assembly (which will ultimately receive the molten glass from
the melter at Savannah River) is welded onto the top end. All of the welds are
tungsten inert gas (TIGI and performed in three passes using AISI 308L welding
wire. All of the TIG welding processes are automatically controlled, and post-weld
inspection is performed in an adjacent room. No post-weld heat treatment or stress
relief is performed. Canister identification, a crucial QA requirement. is
accomplished by lettering with the same weld wire used for making the assembly
welds. The present production rate is 20 canisters per month, but that number can
be increased if needed by employing a second shift of workers.

Ultimately the pour canisters will be encanistered in single or multiple barrier
disposal containers at the repository site. Observing this fabrication facility gave a
valuable insight on how the disposal container might be manufactured. The
cleanliness and automation used in the Coors facility were especially noted.

D. McCright co-authored a paper with A. Roy and R. Fish of the M&O on "Waste
Package Materials Selection Process". The paper will be presented at the High
Level Radioactive Waste Conference next May in Las Vegas, NV. The paper
indicates the materials that are recommended for consideration in multiple-barriered
design approaches during the Advanced Conceptual Design (ACD) Phase. This
paper is a basis for planning documents that are being revised to reflect changes in
the project corresponding to concepts being advanced during ACD. The Metal
Barrier SIP and subordinate activity plans are planning documents affected by these
changes.

The sub contract for work on the "Degradation Mode Survey for Carbon Steels,

Low Alloy Steels and Cast Irons was completed and awarded to Iowa State
University. D. Bullen of the Nuclear Engineering Department is the principal
investigator, and he will be assisted by graduate students, M. Nutt and D. Vinson.
D. McCright visited the campus on January 21. A review of the technical literature
relating to atmospheric oxidation and aqueous corrosion of the ferrous materials has
been initiated. Over 80 technical papers and 10 textbooks/handbooks have been
obtained and are currently under review. This review will continue through the first
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half of February. Following completion of the review, additional relevant effects
relating to galvanic corrosion, microbiologically influenced corrosion and other
subjects will be evaluated.

G. Henshall is performing computer simulations to determine the effects of the

number of cells (and pits), exposure time, and growth probability on the damage
function (i.e. pit depth distribution). The results of these simulations suggest the
following:

1) Using a large number of cells does not significantly affect the shape of the
distribution of pit depths although it produces a smoother distribution than if
a small number of cells is used.

2) As the exposure time increases, the distribution gradually decreases in
height, broadens, becomes less skewed toward small depths, and moves to
larger depths.

3) Decreasing the growth probability decreases the rate at which the distribution
evolves but not the character of the evolution.

The Pit Initiation and Growth Stochastic (PIGS) model simulations performed this
month were intended to explore the effects of various parameters on the predicted
damage function, i.e. the plot of the number of pits vs. their depth. In previous
work, only a small number of cells, and therefore a small number of pits was
simulated. The first goal was to determine if increasing the number of cells would
significantly affect the damage function. Second, since exposure times in previous
work were limited to approximately 100 time steps, the effects of "long-time"
exposure were explored by extending these simulations to much longer times.
Finally, the effects of varying the growth probability, y, on the damage function
were examined.

To explore the effects of increasing the number of cells and pits on the damage
function, the, simulation reported in Fig. 6 of reference 1 was repeated. After
verifying the reported results, the number of cells was increased from 100 to 625
while keeping all other input parameters the same as in the earlier study. Of
course, increasing the number of cells greatly increased the number of pits present
at each depth. However, apart from slightly broadening the distributions, increasing
the number of cells only made the distributions smoother and better defined. There
was no significant change in the shape of the distributions using the larger number
of cells.

The effects of long-time exposure on the damage function were qualitatively similar
for all of the simulations performed. For the case of y = 0.05, Fig. 1 illustrates
how the distributions evolve with increasing exposure time. Fig. 1a shows that for
short exposure times the peak in the distribution is at the smallest pit depth
(because new pits are emerging rapidly). The distribution is very narrow and the
height of the peak is large. For a somewhat longer time, Fig. 1b, the peak in the
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distribution is at an intermediate depth and remains sharp even though its height
has decreased. The peak is skewed somewhat toward small depths, with a "tail"
extending to larger depths. Generation of new pits in this regime is less rapid than
earlier and soon ceases due to the simulated exponential decay in the pit generation
rate As exposure continues. Fig. 1c, the distribution broadens, and the peak
continues to decrease in height and moves toward larger depths. For long exposure
times. Fig. the peak height decreases further and the peak becomes less well
defined. The distribution is now quite broad and is not skewed toward small depths
as it was for short-time exposures. As throughout the simulation, the entire
distribution has moved toward larger depths.

As discussed elsewhere 1, evaluation and improvement of the PIGS model can be
made by comparing the shapes of predicted damage functions with those measured
experimentally. The few data available suggest that the damage functions are
skewed toward small pit depths and may become more so as the exposure time
increases 1. Therefore, simulations were performed to explore the effects of y on
the shape, or "skewing" of the damage function. To quantify the amount of
skewing in the distribution, the skewing parameter was defined:

where as the number of pit depth increments to the right of the peak and W is
the width of the distribution (Fig. 1 ). As the distribution becomes more skewed
toward small pit depths, the value of for increases. For the case in which the peak
in the distribution occurs at the smallest pit depth, 1. For a symmnetrical
distribution

Figure 2a presents the predicted effects of exposure time and y on the value of {R.
These results show that decreasing y increases R for a given number of time steps;
the distribution becomes more skewed as y decreases. However, if the comparison
is made using similarly shaped distributions instead of equal exposure times a
different conclusion is reached. Figure 2b shows the behavior of R as a function of
the peak height and y. In this case, there is no clear correlation between y and
for a given peak height. Similarly, Fig. 2c shows the effects of y on R for any
given distribution width. Again, there is no clear correlation between y and R if the
distributions have the same width. Thus, it appears that decreasing y simply
causes the features of the distribution (width, peak height, skewing) to evolve more
slowly, rather than changing fundamentally the way in which the distribution
evolves.

References
1. G. A. Henshall, J.Nucl Mater 195 109 (1992).
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{ C
OULD NOT BE CONVERTED TO SEARCHABLE TEXT}

Figure 1. The evolution of the damage function with increasing number of time

steps, or "exposure time". For simulations with 625 cells and y = 0.05. the

damage function is presented for exposures of: (a) 40 steps, (b) 100 steps, (c) 500

steps, and (d) 2000 steps.
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{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
Figure 2. The variation in the skewing parameter, with , when plotted as a
function of: (a) number of time steps, (b) height of the peak in the distribution, and
(c) width of the distribution.
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Parameter and Metal Degradation
J. Estill and Gdowski are operating the Cahn TG-131 thermogravimetric analyzer
(TGA). The automatic water level mechanism has been installed and is operations
for the vapor delivery system. This makes long term TGA tests possible without
the need for interruption due to water replenishment. In order to try to eliminate
some of the noise associated with a typical TGA test, a series of tests was
performed with variable purge gas and reaction gas velocities. It was found that
varying the gas flow of one or the other did not significantly affect the results. It
was noted that small changes in temperature have a substantial effect on the
weight reading. This is probably related to the buoyancy effect due to changes in
the density of the reaction gas.

Some baseline tests were run on the TGA balance to determine the drift in the
system, In one particular test, the test was run for 48 hours, after removing the
sample and the Nichrome wires that hold the samples, and turning off all the gases
The balance drifted about 150 These test data will have to be considered later
during the analysis of actual test data.

An initial water vapor test was performed in the TGA but found the water collected
on the exit side of the reaction tube was close to nothing. Condensation may occur
on the interior baffle designed to separate the purge gas (He) and the reaction gas
(water vapor). Convection heating should warm the baffle sufficiently to avoid
condensation. Resolution of these problems is expected soon; a round of tests will
then be conducted a: 100, 175, 250, and 325 C under variable water vapor
conditions.

A mesh type sample to increase the surface area of the samples will be tried. A
multi-layer mesh is one possibility, say 1 x 2 samples .050 thick, stacked on top
of each other to a thickness of 1/2". This would increase the surface area
substantially. Some mesh samples have been obtained.

G. Gdowski is planning to make a presentation at the NWTRB meeting in March on
the Status of the TGA work and its implications on discerning the transition from
metal oxidation to metal corrosion S. Gordon is assisting h m in preparing a poster
board display as part of the laboratory tour planned in conjunction with the NWTRB
meeting.

The Integrated Contract Order (ICO) was completed, approved, and forwarded to
Argonne National Laboratory (ANL) where the work will be performed. Progress on
the ANL work will be presented in the February status report. A presentation on
the ANL work will be made at the March 10 meeting of the Nuclear Waste
Technical Review Board (NWTRB). Meanwhile, an activity plan is being prepared in
response to a Corrective Action Report resulting from the December 1993 QA audit
of the Metal Barrier Task.
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Work is continuing on E03/6 Version 8.0. In FY93, we completed a major re write
of the software incorporating major changes in the data structure in order to
accommodate improvements in numerical methods and the addition of new
functional capabilities. This included modifying the E.06 code to utilize the auxiliary
basis concept, thus allowing it to make reaction path calculations incorporating
specified redox disequilibria. This capability is important to treating the metastable
persistence of dissolved components such as sulfate, nitrate, and organics in
laboratory and field settings. In FY94, we are adding two additional capabilities to
E03,6: (1) a generic ion-exchange model, and (2) correction of supporting data,
mostly thermodynamic, to pressures off the 1.013 bar-steam saturation curve.

This month setup was completed of the UNIX and PC-based interface software for
Version 8.0. Other work on this version is ongoing.

T. Wolery attended a meeting at LANL on January 1 1 to discuss preparations for
the upcoming Technical Program Review in February.

1.2.3.5 Drilling

1.2.3.5.2.2 Engineering Design, and Drilling Support

Funding for this WBS element has been exhausted. Additional funds have been
requested from the DOE WBS Manager these are expected in the YMPO February
AFP submission to DOE-HO.

1.2.3.10 Altered Zone Characterization

The YMPO Change Control Board approved movement of portions of WBS 1.2.2.3.4
to WBS 1.2.3.10 (1.2.2.3.4.1 has become 1.2.3.10.3 and 1.2.2.3.4.2 has become
1.2.3.10.4). A request has been made (but not yet approved) to transfer the FY94
funding between the old and new WBS elements. It is expected that the PACS
system will require an additional month or two before it reports costs using the new
WBS structure.

1.2.3.10.1 Characterization Techniques for the Altered Zone

Preliminary activities to begin experiments that will evaluate the effect of relative
humidity on reaction products and rates in vitric material continue. Sample
characterization was completed. The experiments have been started. The reaction
products will be provided to LANL for use in studies of dehydration/rehydration effects in
single phases.

Experiments that examine rock-water interaction in relevant lithologic units at different
relative humidities continue. The high temperature experiments were successfully
terminated. The samples were retrieved and water analyses completed. The run
products appear to be predominately zeolites, and the reaction appears to have gone to
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Work is continuing on EQ3/6 Version 8.0. In FY93, we completed a major re write
of the software, incorporating major changes in the data structure in order to
accommodate improvements in numerical methods and the addition of new
functional capabilities. This included modifying the E06 code to utilize the auxiliary
basis concept, thus allowing it to make reaction path calculations incorporating
specified redox disequilibria. This capability is important to treating the metastable
persistence of dissolved components such as sulfate, nitrate, and organics in
laboratory and field settings. In FY94, we are adding two additional capabilities to
EQ3/6: (1) a generic ion-exchange model, and (2) correction of supporting data,
mostly thermodynamic, to pressures off the 1.013 bar-steam saturation curve.

This month setup was completed of the UNIX and PC-based interface software for
Version 8.0. Other work on this version is ongoing.

T. Wolery attended a meeting at LANL on January 11 to discuss preparations for
the upcoming Technical Program Review in February.

1.2.3.5 Drilling

1.2.3.5.2.2 Engineering, Design, and Drilling Support

Funding for this WBS element has been exhausted. Additional funds have been
requested from the DOE WBS Manager; these are expected in the February
AFP submission to DOE-HQ.

1.2.3.10 Altered Zone Characterization

The YMPO Change Control Board approved movement of portions of WBS 1.2.2.3.4
to WBS 1.2.3.10 (1.2.2.3.4.1 has become 1.2.3.10.3 and 1.2.2.3.4.2 has become
1.2.3.10.4). A request has been made (but not yet approved) to transfer the FY94
funding between the old and new WBS elements. It is expected that the PACS
system will require an additional month or two before it reports costs using the new
WBS structure.

1.2.3.10.1 Characterization Techniques for the Altered Zone

Preliminary activities to begin experiments that will evaluate the effect of relative
humidity on reaction products and rates in vitric material continue. Sample
characterization was completed. The experiments have been started. The reaction
products will be provided to LANL for use in studies of dehydration/rehydration effects in
single phases.

Experiments that examine rock-water interaction in relevant lithologic units at different
relative humidities continue. The high temperature experiments were successfully
terminated. The samples were retrieved and water analyses completed. The run
products appear to be predominately zeolites, and the reaction appears to have gone to
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completion although more thorough characterization of the samples is required before
this can be concluded

Installation of the Dreact code written by Carl Steffel was completed, and test cases
were started in late January. Testing should be completed in February

1.2.3.10.2 Characterization of Thermal Effects on the Altered Zone Performance

The study plan for this WBS is being written Expected completion date is May 1994.

1.2.3.10.3 Integrated Radionuclide Release: Tests and Models

Work completed in January will be included in the February status report.

1.2.3.10.4 Thermodynamic Data Determination

L. Marquez, B. Kadkhodayan, D. Wruck J. Wild. D. DelGuidice and J. Andrews are
members of the program and have received their QA training. They will spend

a portion of their time working on the program in their different fields of expertise.
L. Marquez, B. Kadkhodayan and D. Wruck are post doctoral research assistants
with interests in solid state characterization, radiochemistry and optical
spectroscopy, respectively. J. Wild is a senior scientist with back ground in nuclear
and radiochemistry. D. DelGuidice is a technician in the Plutonium Facility with
background in characterizing radioactive solids. J. Andrews will assist in the setup
and calibration of the instrumentation.

C. Palmer and R. Silva are preparing for participation in the Technical Program
Review to be held in Las Vegas on February 14 - 18. C. Palmer will participate as a
member of the Near-Field Environment/Altered Zone Panel and will present a poster
on Thermodynamic Data Determination.

1.2.3.11 Integrated Geophysical Testing for Site Characterization

1.2.3.11.3 Geophysics - ESF Support Subsurface Geophysical Testing

The capital procurement for the winch system was released. The non-capital
procurement for the calipers, camera, and neutron logger is being processed at
LLNL.

1.2.3.12 Waste Package Environment Testing

This WBS element is being created from WBS element 1.2.2.2. Reporting in WBS
elements 1.2.3.12.3, .4, and .5 assumes approval by the CCB of a second
change request submitted in January. This request also includes transfer of FY94
funding between the old and new WBS elements. It is expected that the PACS
system will require an additional month or two before it reports costs using the new
WBS structure.
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1.2.3.12.1 Chemical and Mineralogical Properties of the Waste Package
Environment

Work on the New Zealand natural process analog site concentrated on preparation
for the Technical Program Review, to be held in Las Vegas the week of Feb. 14.
Planning of field-based experiments on silica precipitation kinetics is underway and
data recently received from the New Zealand collaborators is being reviewed.

Geochemistry task coordination and planning for the Technical Program Review is
now in progress. This delayed efforts to develop test cases for coupled code
simulations using the Los Alamos and Sandia codes FEHM and LEHGC, respectively.
Test cases will be developed in February.

The revised Study Plan 8.3.4.3.4.1 for Waste Package Geochemistry and
Mineralogy that was sent to YMPO is being reformatted to meet current format
guidelines specified in the NRC-DOE Agreement.

1.2.3.12.2 Hydrologic Properties of the Waste Package Environment

Some calculations related to this WBS element are reported under WBS 1.2.1.5.

With the use of the repository scale unsaturated zone saturated zone (UZ-SZ)
models, we continued analyzing the sensitivity of mountain-scale, buoyant, gas-

phase convection (called mountain-scale convection in the remainder of this section)
to bulk permeability, kb. This month we considered cases in which the k
distribution varies vertically, which results in a layered heterogeneous kb
distribution. This was.done in consideration of the unpublished kb data of Weeks
(USGS) which indicates considerable layering of kb. In particular, it appears that kb
may be far smaller in the nonwelded vitric units (PTn and CHnv) and the nonwelded
zeolitized CHnz than in the welded units (TCw, TSw1, TSw2, and TSw3). For areal
mass loadings (AMLs) of 27.1 and 154.7 metric tons of uranium per acre
(MTU/acre), we considered four kb distributions:

1) kb = 84 darcy everywhere
2) kb = 320 millidarcy in the PTn; otherwise kb = 84 darcy
3) kb = 280 millidarcy in the CHn; otherwise kb = 84 darcy
4) kb = 320 millidarcy in the PTn and 280 millidarcy in the CHn;

otherwise kb = 84 darcy
We examined the effect of kb layering on the net buildup of liquid water above the
repository, V, for these four cases. Because an equivalent continuum model is
used, shedding of water is not calculated, and higher levels of water buildup are
predicted than may occur in the actual system.

For the 27.1 MTU/acre repository, a reduced kb in the PTn reduces by half. For
the uniform-kb case, mountain-scale convection behaves as though it is in an
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"open system with respect to the ground surface. In this open system the gas-
phase velocity vectors are orthogonal to the ground surface in the vicinity of the
ground surface. Buoyant vapor flow results in a substantial increase in liquid
saturation from the repository horizon all the way to the ground surface. When kb
in the PTn is reduced, this unit functions as a gas-phase flow barrier or "vapor
cap." Consequently, the direction of gas-phase flow below the PTn/TSw1 contact
becomes tangential to this contact rather than crossing it. The PTn effectively
isolates the convection cells from the ground surface, thereby causing the
convective system to be "closed" with respect to the ground surface. The resulting
decrease in the gas-phase flow velocities causes an overall reduction in . In
each of the low-AML cases, the liquid buildup gradually increases to a peak at
about 10,000 to 20,000 years and either levels out or slowly decreases to the
50,000 year limit of the calculation.

For the 27.1 MTU/acre repository, a reduced Ab in the CHn reduces by hall,
which is almost identical to the effect of a reduced-k PTn. The reduction in kb in
the CHn impedes buoyant flow through it, effectively decoupling it from the
mountain-scale convective system. The resulting reduction in the vertical extent of
the convective system has the effect of reducing the gas-phase velocities and the
quantity of water that can be vaporized and convected from below the repository to
above, where it condenses. Reducing kb in both the PTn and CHn reduces AV/ by
another factor of two relative to the case with the reduced kb in PTn.

In general, for the high-AML cases, we have observed an initial peak in at about
300 to 500 yr, followed by a steep decline (and trough) for a few thousand years,
in turn followed by an increase. The steep decline arises from buoyant convection
driving water vapor to the ground surface. We find that an open convective system
driven by a high-AML (154.7 MTU/acre) repository results in a substantial loss of
water vapor to the atmosphere. In contrast, an open convective system driven by a
low-AML repository does not result in such a loss. The key difference is that
boiling in the high-AML case drives most of the moisture buildup to the upper 100
rn of the UZ, while for the low-AML case, the moisture buildup is spread over the
upper 340 m of the UZ. The proximity of the moisture buildup to the ground
surface and the larger gas-phase velocities facilitate the loss of moisture to the
atmosphere for the high AML case. When the PTn acts as a vapor cap, the loss of
moisture to the atmosphere is impeded, trapping much of the moisture convected to
the upper UZ. Consequently, the initial peak AV/ is 40% lower than for the
homogeneous case, the trough in the AV/ curve is also less pronounced, and the
subsequent increase in AV is steeper.

For the 154.7 MTU/acre repository, a reduced kb in the CHn reduces AV by nearly
half compared to the homogeneous system, which is similar to the effect shown for
the low-AML repository although both cases have only about 1/3 the water buildup
of the corresponding low-AML cases. Reducing kb in the PTn produces a water
buildup larger than the other high-AML cases, and about the same as the
corresponding low-AML case. Reducing kb in both the PTn and CHn for the high-
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AML case also produces about the same water buildup as the low-AML case. We
also considered the impact that a reduced kb in the PTn and CHn has on the boiling
period duration, bp for the high-AML. The reduction in gas-phase velocities
decreases the overall convective cooling effect, thereby increasing ttp, particularly
at the outer repository area.

Last month we discussed several repository-scale calculations that addressed the
effect of enhanced gas-phase diffusion on repository-scale hydrothermal
performance. Transport of water vapor in the gas phase takes place by two
mechanisms:

1) advective transport from movement of the gas phase
2) diffusive transport by the process of molecular diffusion

The binary diffusive mass flux of a component in a gas phase is governed by Fick's
law, which for a porous medium takes the form

where is porosity, Sg is gas-phase saturation, is gas density, is the tortuosity
factor, is the diffusion enhancement factor, D is the binary diffusion coefficient,
and is the mass fraction of the component. The tortuosity factor, , is the
reciprocal of the tortuosity and takes into account the increased path length within
the porous medium. Its value is always less than or equal to unity.

The diffusion enhancement factor, which appears in Equation (1). can be taken
to be unity for a non-condensible component or isothermal conditions. For diffusion
of a condensible component, such as water vapor, driven by a thermal gradient, the
diffusive flux is enhanced, so that is greater than unity. The well-known paper by
Philip and de Vries gives an explanation for this enhancement. Normally, diffusive
transport of water vapor is obstructed by liquid water that blocks pose throats;
consequently diffusion is reduced at higher liquid saturations. However, the thermal
gradient sets up a vapor pressure gradient in the gas phase which causes water to
evaporate from a blockage and diffuse in the gas phase to a cooler blockage, where
it condenses. The process continues as the water evaporates on the other side of
the blockage. The mechanism whereby liquid water flows through a blockage is the
pressure difference caused by the difference in meniscus curvature between the
two sides.

A secondary mechanism also increases diffusive fluxes under non-isothermal
conditions. Heat transfer coefficient in the gas-phase is much less than that in the
liquid and solid phases, so that the temperature gradient in the gas phase between
liquid blockages is greater than the average temperature gradient of the bulk porous
medium. The resulting increase in water vapor concentration gradients within the
gas phase further increases diffusive fluxes compared to isothermal systems.
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The diffusion enhancement factor is a function of liquid saturation and appears to
increase significantly at sufficiently large saturations for blockages to occur, which
is consistent with the above theory. The diffusion enhancement factor, appears
to have been measured only for soils. Cass and others obtained values of for
sand which ranged from unity at 0% liquid saturation (i.e., no enhancement) to 12
at 80% liquid saturation. The value of appears to decrease with increasing
temperature. The maximum value of decreased by almost 50% as temperature
was increased from 3.5 to 32.5 C. This trend can be explained by the theory of
Philip and de Vries. At greater temperatures, the higher fraction of heat carried by
diffusive transport reduces the gas-phase temperature gradient, decreasing the
importance of the secondary enhancement mechanism.

The values of to are not directly input to the V-TOUGH code. Instead, V-TOUGH
requires an effective gas phase diffusion factor, which combines with the
tortuosity factor, as follows:

(2)

V TOUGH treats as a constant. If we take to be 0.2, and consider the upper
value of 12 measured for by Cass, we would get a value of 2.4 for Teff, which is
similar to one of the values used in calculations last month.

An issue has been raised concerning the role that enhanced gas-phase diffusion
might play in transporting water vapor from the water table to the repository at late
time, well after temperatures have dropped below boiling. Because gas-phase
diffusion is primarily driven by temperature gradients, it is useful to consider the
temperature difference between the top of the saturated zone (SZ) and the
repository horizon. Because the repository is the primary source of heat flow for a
long period of time, temperatures at the repository exceed those at the top of the
SZ for a long period of time. A long as this occurs, the diffusive flux of water
vapor below the repository will be downward (away from the repository).
Eventually, the geothermal flux will again dominate the vertical temperature profile,
causing it to be reversed (i.e. directed from the SZ back towards the repository).
For an AML of 27.1 MTU/acre, it takes 3000 yr before the vertical temperature
gradient reverses at the outer edge of the repository, and 5850 yr at the repository
center. For an AML of 154.7 MTU/acre, it takes 20,400 yr before the temperature
gradient reverses at the outer edge of the repository, and 34,400 yr at the
repository center. Consequently, the diffusive flux of water vapor from the SZ will
be directed up toward a low-AML repository long before it is for a high-AML
repository. Comparing the 27.1-MTU/acre case to the 154.7-MTU/acre case, we
find that for the low-AML case,the vertical temperature gradients that drive water
vapor from the SZ to the repository

1) are steeper
2) occur over a greater percentage of the repository area, and
3) last longer
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Therefore, the contribution of the diffusive flux of water vapor from the SZ to the
overall moisture balance at the repository will be greater for low AMLs than for high
AMLs.

In considering the potential significance of enhanced vapor diffusion in transporting
water vapor from the SZ, it is useful to compare the repository-heat-driven
temperature gradients with the initial geothermal gradient. The range of variability
for the vertical temperature gradient below the repository is small compared to the
measured range in the diffusion enhancement factor,. At the center of the
repository, the temperature gradient never exceeds the initial geothermal gradient.
At the repository edge, the maximum temperature gradient is 45% greater than the
initial geothermal gradient. However, it is important to note that not only is water
vapor diffusing up toward the repository from below, but it also diffuses away from
the repository, both vertically and radially, and at greater rates. Water vapor
diffuses radially because temperatures decrease radially away from the repository,
and it diffuses vertically upward because temperatures decrease with height above
the repository. The vertical temperature gradient above the repository is always
greater than the gradient below. Moreover, the vertical temperature gradient above
the repository and the radial temperature gradient are greater for higher AML.
These observations corroborate calculations that were presented last month: that
the net effect of enhanced vapor diffusion on the moisture balance at the repository
is to make it drier rather than wetter.

Laboratory Experiments

Measurement of electrical resistivity as a function of moisture content of Topopah
Spring tuff samples from the G-4 and GU-3 holes continues using J-13 water as
pore fluid at elevated temperatures. The wetting and drying phase measurements
at 65C are now complete. It is increasingly difficult to obtain data at the highest
saturations. At 650C, the highest saturation achieved was about 70%. It may be
necessary to immerse the samples in water at the elevated temperatures to produce
at least one data point near saturation. Measurements at 90C will begin next
month.

The experiment to determine the moisture retention curve and one-dimensional
imbioition using G-4 core continues. The data from this experiment will be used to
calculate relative permeability as a function of water saturation. Moisture retention
experiments at high temperatures are in progress. Measurements at 95 C and up to
85% relative humidity are complete. Data analysis of the one-dimensional
imbibition experiment is proceeding. Evaluation of the use of the four-electrode
method on a rectangular sample continues.

The saturated water permeability measurements on an intact sample from G-4 is
complete. The sample was under a confining pressure of about 5 MPa and a pore-
water pressure of about 2.4 MPa. Permeability measurements were conducted at a
series of pore pressure gradients ranging from of 0.08 to 0.24 MPa/cm. The data
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will be reduced next month. Observations indicate that the down-stream metering
valve, used to adjust the down-stream pore pressure, was plugged by either rock
debris or bacteria. Water samples have been collected to determine the cause of
the plugged valve.

A paper on laboratory measurements by J. Roberts and W. Lin for the International
High Level Radioactive Waste Management Conference was submitted to YMPO for
review.

T. Buscheck participated in a guided tour of the Large Block Test at Fran Ridge on
January 20. T. Buscheck attended the Pneumatic Pathways Workshop that was
hosted by Nye County on January 26 and 27 and was a panel member on two of
the round table panels:

1) Numerical Models Requirements
2) Field Data and Strategies for Characterization and Licensing

The Near-Field/Altered Zone Hydrology Task finished interviewing candidates for
software engineer and the position has been accepted by G. Wilgus. He has a wide
range of experience with large physics codes which includes cloud and plume
dynamics code development in the Atmospheric Sciences Group and the Climate
Modeling Group. He will begin working for ! LNL-YMP on March 1.

1.2.3.12.3 Mechanical Attributes of the Waste Package Environment

Efforts were directed toward preparation for the Technical Program Review meeting
in Las Vegas, February 14 - 18, model development and preliminary stress field
analysis of the Large Block Test, and preparation of the activity plan for
Geomechanics.

To assist in evaluation of options for design of the Large Block Test loading system,
three different loading geometries were simulated to determine the nature of stress
fields and stress gradients for each. Efforts continued to couple the FLAC
geomechanical code with the NUFT hydrologic code. Bugs were encountered in the
FLAC code, and a new version of this code is on order.

Preparation of the laboratory facilities for characterization of material from the Large
Block Test site continues. This includes repair and modification of the 360 ton
press, procurement and/or assembly of measurement and data acquisition systems,
and the ordering of materials for a prototype guard heater for the Large Block Test.

Work continued on the activity plan for this task and it is anticipated that a draft
will be ready for review in February

S. Blair attended the two day pre-project review meeting at LLNL and provided
materials describing the geomechanics task to the YMPO.
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1.2.3.12.4 Engineered Barrier System (EBS) Field Tests

Study Plan 8.3.4.2.4.4, entitled "Engineered Barrier System Field Tests", was
reviewed by YMPO in 1993. Comment resolution is continuing and the study plan
will be returned to YMPO in March.

Large Block Test LBT

The first slot, that is the saw cut on the northern face of the large block, has been
completed. Sawing will continue in February. Core examination to determine
fracture locations on the cores recovered from the 17 vertical holes is in progress.

Preliminary designs for laboratory tests on smaller blocks have been completed.
The designs are subject to revision based on the size of the small blocks available
from Fran Ridge. Tape heaters that will be used in the tests have been ordered.

W. Lin, W. Clarke, J. Blink, D. Wilder, T. Buscheck, S. Blair, W. Glassley, M.
Owens and T. Roy met at the LBT site on January 20 with representatives of
YMPO, the M&O, LANL TCO, RSN, the SNL Field Team and REECo to work out the
safety and operational details required for two-shift sawing. All requirements were
met and the sawing will begin on February 1.

Preparations to plan rock removal surrounding the large block continue. A meeting
was held on January 26 with LANL-TCO, RSN, and REECo to discuss methods of
excavation. Follow-up meetings will be held during February.

Revisions have been made in response to reviewer comments on the Activity Plan
for the LBT. It is now ready for approval by LLNL/YMP.

A paper entitled "The Testing of Thermal-Mechanical-Hydrological-Chemical
Processes Using a Large Block by W. Lin, D. Wilder, J. Blink, S. Blair, T. Buscheck,
D. Chesnut, W. Glassley, and J. Roberts, for submission to the International High
Level Radioactive Waste Management Conference, was submitted to YMPO for
review on January 26.

1.2.3.12.5 Characterization of the Effects of Man-Made Materials on Chemical &
Mineralogical Changes in the Post-Emplacement Environment

Accelerated hydrous diesel fuel pyrolysis experiments at elevated temperature
continues. A poster paper on this work was prepared for the Technical Program
Review to be held February 14-18 in Las Vegas.

Technical review comments were addressed for papers concerning the general
rationale for studies that include the degradation of manufactured materials. Most
of the comments deal with one of two issues:

1) the P.l.'s sense of urgency regarding the need to address these issues
2) a need for more detail regarding the studies that are planned
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The first issue is probably driven by the reviewers' misunderstanding of the broad
scope of the work under this task, and the time required to do it. The second issue
is addressed in depth by the draft Study Plan for this task. A poster paper was
prepared for the Technical Program Review concerning the rationale for this WBS
element's planned activities.

A poster paper was prepared for the Technical Program Review concerning the
work on cement degradation. This work is funded by the ongoing international
program.

Study Plan 8.3.4.2.4.5 is currently being reformatted to meet the requirements of
the NRC-DOE agreement; it will be resubmitted to YMPO in February.

1.2.5 REGULATORY

1.2.5.1 Regulatory Coordination and Planning

The following WBS 1.2.5 papers have been prepared by LLNL-YMP staff for
submission to the May 1994 International High Level Radioactive Waste
Management Conference:

1) "Integrated Modeling of Near Field and Engineered Barrier System Processes"
by A. Lamont and J. Gansemer

2) "Identifying Significant Uncertainties in Thermally Dependent Processes for
Repository Performance Analysis" by J. Gansemer and A. Lamont

3) "Performance Assessment Model of a Single Waste Package" by W.
O'Connell, T. Ueng and L. Lewis

4) What Do We Mean By A Cold Repository?" by W. Halsey
5) Limitations on Scientific Prediction and How They Could Affect Repository

Licensing" by R. Van Konynenburg

1.2.5.2 Licensing

1.2.5.2.2 Site Characterization Program

W. Halsey attended the Nuclear Waste Technical Review Board full board meeting
on total system performance assessment on January 12 in Arlington, Virginia.

R. Van Konynenburg wrote a paper entitled "Limitations on Scientific Prediction and
How They Could Affect Repository Licensing". E. Taylor (M&O) and W. Sprecher
(OCRWM) have requested this paper for the International High Level Radioactive
Waste Management Conference to be held in May. The paper has been submitted
to YMPO for approval.

1.2.5.3 Technical Data Management
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1.2.5.3.4 Geologic and Engineering Materials Bibliography of Chemical Species
(GEMBOCHS)

Transfer was completed of the GEMBOCHS database and software library to a new
dedicated SPARCstation 10/41. This hardware upgrade facilitates dramatically
improved performance for each database and software module of the GEMBOCHS
system.

Development continues of a Windows/4GL version of facet. During January, Ingres
Knowledge Management extensions were incorporated, providing an improved
method of updating audit tables when GEMBOCHS data are modified.

An anonymous file-transfer capability that will permit off-site GEMBOCHS users to
obtain, via electronic transfer, the current suite of thermodynamic datafiles for use
with the EQ3/6 software package is now being developed. During January, most of
the requisite software was developed and installed.

Development continues of a Windows/4GL (mouse-driven)version of Jewel. Several
new features have been incorporated:

1) A second "composite" datafile (dataO.alt) that includes an extensive,
alternate database for aqueous Np, Pu and Am species, developed by Palmer,
Silva, and Miller (1992), can now be generated

2) Species whose thermodynamic properties are calculated using SUPCRT92
algorithms (Johnson et al., 1992), but with data reported by subsequent
publications, can now be referenced appropriately.

3) Both calculated and reported reference-state standard molal properties are
now printed within dataO species blocks.

1.2.5.3.5 Technical Data Base Input

Work completed in January will be included in the February status report.

1.2.5.4 Performance Assessment

1.2.5.4.2 Waste Package Performance Assessment

Work completed in January will be included in the February status report.

1.2.5.5. Special Projects

1.2.5.5.1 Integrated Test Evaluation (ITE)

This activity has not been funded in FY94.

1.2.5.5.2 Energy Policy Act Support

No significant activities.
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1.2.9 PROJECT MANAGEMENT

1.2.9.1 Management and Coordination

A paper entitled "On the Benefits of an Integrated Nuclear Complex for Nevada" by
J. Blink and W. Halsey (LLNL has been prepared for submission to the May 1994
International High Level Radioactive Waste Management Conference.

1.2.9.1.2 Technical Project Office Management

W. Clarke attended Performance Assessment Review meetings in Las Vegas on
January 4 and 18.

W. Clarke, M. Strauch, D. Wilder, W. Glassley, T. Buscheck, J. Roberts, W. Lin, J.
Blink, and A. Simmons (YMPO) toured the Large Block Test site at Fran Ridge on
January 20.

J. Blink attended Infrastructure Reduction Assessment Team (IRAT) meetings in Las
Vegas on January 4, 18, and 28. He attended a Quality Integration Group meeting
on January 13. J. Blink escorted four LLNL employees for an orientation tour of
Yucca Mountain, the LBT site, Trench 14, and the ESF Starter Tunnel on January
27.

J. Blink met with Nevada Senator Harry Reid on January 14 to discuss ideas for
increasing utilization of NTS and improving the NV economy.

J. Blink met with representatives of Southwest Gas Corporation to discuss their
potential participation in the LESSON-NV Teacher Workshop Program C. Passos
and J. Blink prepared super kits (consolidation of 5 kits) for Ruby Thomas and
Fitzgerald Schools. J. Blink taught physics at the two after-school LESSON
sessions on January 26 and 27.

J. Blink chaired a planning meeting for the second annual Southern Nevada
elementary school "egg-drop" competition, to be held on April 22. In this activity,
students design and build a container to protect a raw egg from a six-story drop;
the design problem is similar to that of a nuclear waste transporter and is adapted
from the OCRWM curriculum.

J. Blink presented his hands-on "gee whiz" science activity at Faye Herron School
on January 14, Johnson Middle School on January 21, and Ruby Thomas School on
January 26. He also attended Science Bowl moderator training at the Desert
Research Institute on January 28.
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1.2.9.2 Project Control

1.2.9.2.2 Participant Project Control

December schedule progress and costs were submitted to the PACS reporting
system via PACS workstation. Variance analysis explanations were developed for
four P&S accounts:

1) EBS Field Tests. 1.2.2.2.4
2) Spent Fuel, 1.2.2.3.1.1
3) Engineering, Design & Drilling Support, 1.2.3.5.2.2
4) Site Characterization Program, 1.2.5.2.2

The interview process has begun for the position of Resource Manager Assistant.
Five candidates will be interviewed and the position will be filled in February.

The position of Project Control Coordinator has been filled. The successful
candidate, P. Krantz, has had prior experience with YMP and is familiar with
workstation operation, Prima Vera, and LLNL workscope. She began work on
January 18.

Preparation of the LLNL IRM Long Range Plan (FY96) is now in progress.

Official notification has been received approving FY93 Carryover Funds in the
amount of $1.124M, and the performance measurement baseline has been revised
to reflect these changes.

The FY95 planning process for WBS Elements 1.2.2 and 1.2.3 has begun. A
meeting is scheduled for February 1 with the DOE WBS Manager for 1.2.3.
Preparation of costs and workscope adjustments for other elements are also
underway. The FY95 plan will be based on LLNL's Mission 2001 submission as
adjusted for prior years funding deficits. Preliminary budget figures for FY95 were
submitted to LLNL's budget office.

A response was prepared to a GAO request for information available on YMP's
project participant sub-contractors.

1.2.11 QUALITY ASSURANCE

No significant activities.

The Software Quality Assurance Plan (SQAP), Rev. O, and Quality Assurance
Program Plan (QAPP), Rev. 22, were decontrolled effective January 22, 1994. This
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action is consistent with the OCRWM QARD and associated LLNL-YMP
implementing procedures.

Activity Plan D-20-43, Unsaturated Dissolution Tests of Spent Fuel and U02 , has
been completed and is in the process of receiving final signatures.

Activity Plan NF-2. for the Large Block Tests of Coupled Thermal-Mechanical-
Hydrological-Chemical Processes, is currently going through a second review to
apprise reviewers of other reviewers comments.

Ten technical publications for the International High Level Radioactive Waste
Conference were reviewed for quality requirements. A total of 19 papers will be
submitted.

QualitJy Assurance Verification

External Audit 94-11 was performed on January 12-13, 1994, at Pacific Northwest
Laboratories. The audit concentrated on the area of Quality Assurance Program
Implementation, and included the following procedures/requirements:

1) LLNL-YMP Quality Assurance Requirements Specification for Pacific
Northwest Laboratories (QARS-001C. Rev.0)

2) Change Notices QARS-001C-0-1. QARS-OO1C-0-2. and OARS-001C-0-3.
three CARS, LLNL-029, 030. and 031, have been issued as a result of this audit.

The LLNL response to CAR YM-94-005 was completed and sent to R. Spence on
January 13. The response has been rejected and the areas within the response that
required changing are now being rewritten.

Corrective action for CARs LLNL-021 and LLNL-024 have now been completed and
verified. Closure was approved and forwarded to R. Spence on January 7 and
January 31. respectively.

As a result of Audit 94-02, CAR LLNL-028 was issued on January 7 with a
scheduled completion date of February 4,

No significant activities.

No significant activities.
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QA review was completed for Activity Plan D-20-43, Unsaturated Dissolution Tests
of Spent Fuel and U02

1.2.12 INFORMATION MANAGEMENT

1.2.12.2 Records Management

1.2.12.2.2 Local Records Center Operations (LRC)

LLNL-YMP Document Control issued no revisions, cancellations or change notices.
Follow up continues on previously distributed documents.

1.2.12.2.3 Participant Records Management

A total of 1 72 items were logged into the LLNL-YMP tracking system. This includes
23 records/records packages that were processed through to the CRF. Eleven
action items were closed.

B. Bryan represented the LLNL-YMP Records activity at the January 1994 Records
Meeting held in Washington, D.C.

1.2.12.2.5 Document Control

LLNL received no funding under this WBS for FY94. Work performed to complete
LLNL's obligation in this WBS is funded under WBS 1.2.12.2.2.

1.2.13.2 SAFETY AND OCCUPATIONAL HEALTH

1.2.13.2.5 Occupational Safety and Health

Funding has not yet been received for this activity even though it was included in
the YMPO FY94 allocations. Costs are being collected in WBS 1.2.9 pending
receipt of the YMPO committed funds.

A safety inspection of the Large Block Test area was conducted, and safety
requirements for a two shift operation were developed. A second inspection
determined that the prerequisites had been met.

1.2.15 SUPPORT SERVICES

1.2.15.2 Administrative Support

No significant activities.
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1.2.15.3 Yucca Mountain Site Characterization Project (YMP)
Support for the Training Mission

Currently there are 86 participants on the project who are to be trained and/or
tracked.

The indoctrination process for new participants is being revised and updated. The
changes are to ensure that available information is imparted to the new participants
inch objectives and requirements tailored to each individuals workscope.

A new training database program is being written using software which will be
user friendly" and compatible with the Macintosh computer. Completion of this

activity is projected for late February or early March.
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