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ABSTRACT

The Nevada Nuclear Waste Storage Investigations (NNWSI) Project was organized
in 1977 to explore the feasibility of siting a high-level waste (HLW) geologic
repository on or in the vicinity of the Nevada Test Site (NTS). The project is
managed by the U.S. Department of Energy (DOE) Nevada Operations Office under
the direction of the Waste Management Project Office (WMPO). Investigations
have identified a potentially acceptable site located adjacent to the
southwestern boundary of the NTS at Yucca Mountain in Nye County, 100 miles
northwest of Las Vegas. This document is a compilation of the technical
progress reported by Project participants during the fourth quarter of FY 84.
A summary of the Project results follows.

The TOSPAC hydrodynamics module was updated by adding material-compressibility
terms, reducing the timestep, and using a more precise iterative scheme. A
self-consistent boundary-condition algorithm was developed for the TOSPAC
transport module. The TRACR3D code was used successfully to reproduce five
test-case results for an unsaturated flow problem.

Initial data from spent-fuel dissolution tests using H.B. Robinson fuel
indicate that uranium solubility is much greater in J-13 water (3 parts per
million) than in deionized water (1 part per billion). Stabilization of
uranium in solution by carbonate in the J-13 water may explain the difference.

Electrochemical-corrosion potential was measured for different candidate
stainless steels in J-13 water in a high-intensity gamma irradiation field to
determine the corrosion-potential shifts due to the production of a more
oxidizing environment under gamma irradiation and whether such potential shifts
could induce localized pitting attacks.

The corrosion performance was studied of stainless steels exposed to alternate
wetting and drying conditions. An assembly of 40 U-bend stress-corrosion
specimens was exposed to J-13 water and crushed tuff rock and wet/dry cycles
were simulated. Most of the soluble Ionic species were concentrated six to
seven times their starting concentrations.

A survey experiment was begun of the corrosion performance of copper-base
materials in the J-13 well water environment and in the saturated steam phase
directly above the water. CDA 110 (electrolytic tough pitch copper), CDA 706
(90/10 cupronickel), CDA 715 (70/30 cupronickel), and Monel 400 are being
studied. After 3000 hours of exposure, the cupronickel specimens showed lower
corrosion rates than the tough pitch copper; the Monel 400 specimen showed a
weight gain.

Calculations were completed on the oxidizing of iron pyrite in Well J-13 water
alone and in water plus local minerals. Results indicate that Well J-13 water
alone and water plus minerals have relatively good pH buffering capacities.

The effects were studied in the interpretation of the interaction between rocks
and groundwater at Yucca Mountain. Iron and manganese valence states in
minerals and glasses were studied in oxidation-reduction reactions that modify
the solubility of some radionuclides. The study concluded that oxide minerals
have little or no potential for removing oxygen from groundwater.



Modeling of seismic refraction data along Crater Flat shows six velocity layers
ranging from 1.5 to 5.9 km/sec. No significant lateral east-west changes were
found in either the density or magnetic susceptibility of shallow sediments and
volcanic rocks that underlie Fortymile Wash. This rules out any major dip-slip
faulting since the beds were deposited.

Hydrogeological data for the geological zones of Yucca Mountain were developed
into a conceptual model consisting of six distinct zones. The six zones, from
surface to water table, consist of the Tiva Canyon, Pah Canyon, Topopah Spring,
vitrified Calico Hills, zeolitized Calico Hills, and the fault zone.

Uranium-series dating of secondary calcite and opal deposits in fault-related
fractures suggests that at least four episodes of young faulting occurred in
the Yucca Mountain area. Average dates for recurrent faulting events are
23 thousand, 170 thousand, 280 thousand, and more than 400 thousand years
before present.

Analyses of secondary carbonate yielded minimum ages of 27 to 219 thousand
years for the last significant fault displacements.

Research concerning attenuation of ground motion is near completion. The net
effect of the findings, i.e., more efficient but lower magnitude wave
propagation in the southern Great Basin than in California, indicates that
there may be a reduction in the estimated seismic hazard and strain release in
the Yucca Mountain region.

The third of three planned small-diameter heater experiments in G-Tunnel was
completed. The data suggest complex heat transfer coupled with water mitiga-
tion. Preliminary conclusions are: (1) emplacement-hole thermal phenomena
appear to be influenced by water migration into the hole and (2) rock-mass
thermal responses appear to be regulated by heat-transfer mechanisms that can
be predicted.

Uniaxial compressive tests were performed in the G-Tunnel heated block
experiment. The block behaved in a near elastic manner for the first test and
was inelastic thereafter. Maximum strains increased with each test. The data
show that fractures close under thermomechanical loadings. These results are
important to postclosure-modellng efforts.

A new cementitious grout mixture, 84-12, was formulated with a lower calcium
sulfate content, tested, and compared to a higher-sulfate grout, 82-22. The
concern was that introduction of sulfate into the hydrologic environment might
affect waste element solubility. No major differences were found between the
chemical behavior of the two mixtures. Grout 84-12, however, may be more
appropriate for use in sealing at Yucca Mountain because its use would
introduce less total sulfate into the system.
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1.0 INTRODUCTION

On January 7, 1983, President Reagan signed into law the Nuclear Waste Policy
Act (NWPA) of 1982 (Public Law 97-425) which reflects a decision by the
President and Congress to develop geologic repositories for disposal of
high-level radioactive waste (HLW) and spent nuclear reactor fuel. Title I of
the Act spells out procedures by which potentially acceptable sites will be
nominated, characterized, and recommended for development as repositories.

The U.S. Department of Energy (DOE) Office of Civilian Radioactive Waste
Management (OCRWM) was created to comply with NWPA requirements. Within OCRWM,
the Office of Geologic Repositories oversees implementation of the NWPA by DOE
field offices.

The Nevada Nuclear Waste Storage Investigations (NNWSI) Project is part of the
geologic repository program with a charter to evaluate geologic formations on
or near the Nevada Test Site (NTS) to determine suitability for developing and
operating HLW disposal facilities. The project is managed by the DOE Nevada
Operations Office (DOE/NV) under the direction of the Waste Management Project
Office (WMPO). Scientists and engineers from many fields and organizations
participate in these investigations including Sandia National Laboratories
(SNL), Lawrence Livermore National Laboratory (LLNL), Los Alamos National
Laboratory (LANL), U.S. Geological Survey (USGS), Westinghouse Electric
Corporation/Waste Technology Services Division (W/WTSD), and Science
Applications International Corporation (SAIC).

Some of the NNWSI Project participant organizations are investigating in detail
the hydrologic, geochemical, geologic, tectonic, seismic, and volcanic systems
of Yucca Mountain and its regional setting. Other participants are studying
and developing engineering criteria for repository design and performance
assessment. Detailed experiments are being conducted to determine suitable
waste-package design and emplacement modes. Environmental impact and
socioeconomic and institutional aspects of the repository site are also being
addressed. As a result of these Investigations, the detailed site-specific
information needed for sound decision making regarding the suitability of Yucca
Mountain is being obtained. If a repository is constructed at Yucca Mountain,
it will be licensed by the Nuclear Regulatory Commission (NRC).

One characteristic that makes Yucca Mountain an attractive site Is that the
proposed repository would be located in welded volcanic tuff, a highly sorptive
rock composed primarily of solidified volcanic ash, which also has good
physical, mechanical, and chemical characteristics for nuclear waste
containment. It may be possible to locate the repository in the unsaturated
zone which is approximately 550 ft above the static water table within the
Topopah Spring tuff unit. The repository horizon would be located about
1,200 ft below land surface.

This document compiles the technical progress of NNWSI Project participants
during the fourth quarter of FY 84. The NNWSI Project Work Breakdown Structure
(WBS) for FY 84 is the basis for progress reporting in this document.
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2.0 SYSTEMS (WBS 2.1)

Performance of a nuclear waste disposal system is a result of interaction
between the site's geologic and hydrologic characteristics and engineered
systems which complement and augment the natural characteristics of the site
that serve as material barriers to the release of radionuclides to the
accessible environment.

2.1 SYSTEMS DEFINITION (WBS 2.1.1.1.S)

Revisions were made to several of the test result groups that constitute the
Tuff Data Base. The sorption/desorption data from circulating and batch
experiments were revised to include pH and tracer-feed-preparation information.
New and revised drillhole information, as authorized by Holmes and Narver, was
added, as were mineralogy data from X-ray diffraction tests and stratigraphic
i nformati on.

Updated instructions were written for the user friendly interface primer.
Instructions were rewritten for (1) creating files to update the Tuff Data
Base, (2) modifying the Tuff Data Base, (3) storing backups of the Tuff Data
Base and update files on the MASS system, (4) creating backup microfiche and
hard copies of the updated files, and (5) keeping records of updates made to
the Tuff Data Base.

The program UPLOT, originally developed and presently maintained on the VAX
computer, was transferred to the CDC computer where the Tuff Data Base is
stored. UPLOT is a general plotting routine that can be used to plot
information obtained from the Tuff Data Base. At present, users are required
to make minor adjustments to data files from the Tuff Data Base so that the
files are in a format compatible with UPLOT. This program will be evaluated
for possible incorporation into the Tuff Data Base user friendly interface.

2.2 SYSTEMS ANALYSIS (WBS 2.1.1.2.S)

Work continued on the Total System Performance Assessment Code (TOSPAC)
hydrodynamics module stability. Changes in the code included a) adding
material-compressibility terms to the moisture-content derivative in order to
mitigate a numerical discontinuity at the saturated- zone/unsaturated-zone
interface, b) reducing the timestep so that water moves one-eighth of a cell
length per timestep, and c) using a more precise iterative scheme for computing
the boundary-condition pressures. With these changes, the hydrodynamics appear
to be relatively stable when given a static initial condition with an
instantaneous, 100 percent increase in flux at the boundary.

A self-consistent boundary-condition algorithm was developed for the TOSPAC
transport module that includes consideration of convective, dispersive,
decaying-efflux, and infiltration boundaries. A pair of coupled transport
equations were derived that are believed to be applicable to fractured,
unsaturated tuffs under the approximation of dual-porosity flows with a common
pressure head in the rock's matrix and fracture system. Previously, when
diffusion of solute from fracture water to matrix-pore water was considered,
the coupled transport equations became a type of equation that is cumbersome to
solve because of storage requirements and computational time. These new
equations will be implemented in the transport module of TOSPAC.
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The sensitivity of the release-rate and water-travel-time performance measures
have been studied. Water travel time in the unsaturated zone was found to be
equally sensitive to porosity and rock-unit thickness and slightly less
sensitive to levels of percolation flux; in fracture flow, water travel time is
equally sensitive to all three variables.

2.3 COMPUTER CODE ACQUISITION AND CERTIFICATION (WBS 2.1.2.3.S)

The TRACR3D code developed at LANL to model radionuclide transport in the
liquid and vapor phases through isothermal, porous media, was used successfully
to reproduce five test-case results for an unsaturated-flow problem using the
SNL computer system. This resolved one long-standing problem in the
reproducibility of the documented results using the TRACR3D code. The problem
was finally traced to sensitivities to machine precision in the unsaturated-
flow subroutines. The five test problems, provided by LANL along with the
TRACR3D code, are being rerun at both LANL and SNL with the newest version of
the code. These problems test both unsaturated and saturated subroutines and
radioactive-species transport with sorption.

Available vapor-transport codes were discussed for use in modeling hydrothermal
environments near the waste package. It was agreed that a problem could be
defined to satisfy the need for analysis for Exploratory Shaft test
calculations, SNL performance-assessment calculations, and LLNL waste-package
design calculations; using the three codes WAFE, TOUGH, and NORIA to generate
the solutions will also serve as a valuable benchmark study. A formulation of
the test problem will be issued by November 1984.

A user manual was completed for the FEMTRAN code, which has been developed for
two-dimensional, transient radionuclide-transport calculations for performance
assessment. The FEMTRAN code can be coupled to any one- or two-dimensional
hydrology code to predict two-dimensional radionuclide transport for
performance-assessment analyses. The code has been adapted to accept
pressure-field inputs from the SAGUARO code.

A representative hydrologic problem for Yucca Mountain was defined in March
1984. The problem has been run by SNL and LANL. The codes TOSPAC, TRACR3D,
SAGUARO, and NORIA were used. It was concluded that (1) the stability of all
solutions needs to be enhanced, (2) the convergence of dynamic solutions using
SAGUARO and NORIA needs to be compared using a variety of initial conditions,
and (3) two cases should be run with SAGUARO, NORIA, and TRACR3D using the
steady-state solution of TOSPAC as the initial condition. The representative
problem has proved to be excellent for comparing dynamic versus steady-state
solutions and for highlighting the different stability and convergence problems
of the one-dimensional, steady-state code versus those of multi-dimensional,
dynamic codes.
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3.0 WASTE PACKAGE (WBS 2.2)

The primary objective of this task is to develop the technical basis and
engineering capability to design, test, and fabricate a waste package that is
compatible with the hydrological conditions and geochemical environment in the
unsaturated zone beneath Yucca Mountain.

3.1 WASTE-PACKAGE ENVIRONMENT (WBS 2.2.1.L)

3.1.1 TUFF-GROUNDWATER INTERACTION

Two long-term (365-day) experiments in the Dickson-type, gold-cell, rocking
autoclaves continued uneventfully. During September samples were taken at day
120. The experiments are:

DB12 = USW G-1 core wafer, J-13 water, 900C

DB13 = USW G-1 core wafer, J-13 water, 1500C.

One short-term (planned 64 days) experiment was terminated normally at
day 72 in early September:

DB15 = USW G-1 crushed, J-13 water, 900C.

Following termination of the experiment, the crushed material was submitted for
X-ray diffraction analysis.

Two short-term (planned 64 days) experiments were started at the end of
September. These were:

DB16 = USW G-1 polished wafer, distilled water, 900C, currently at day 11

DB17 = USW G-1 polished wafer, distilled water, 1500C, currently at
day 11.

Scanning electron microscope observation and electron microprobe analysis of
the polished core wafer from experiment DB14 were begun. Initial examination
showed that the metastable illitic clays observed previously at 1500C have
formed at this low temperature.

The single-mineral dissolution kinetics experiments using quartz were
terminated at the end of August. Solutions are being analyzed for silicon only
by colorimetry and Inductively-coupled plasma spectrometry. Solid-phase
observations by scanning electron microscope will commence shortly. The
experiments ranged from pH = 1 through pH = 13 and were run at 700C for 60
days. Several of the experiments will have to be repeated due to leaking
flow-through cells caused by cell plugging.

Precise cell constants for the calcium-rich zeolite were determined this month
using the Guinier camera. Numerous scanning electron microscope photographs
were taken this month illustrating crystal habit, twinning, and relationships
with coexisting mordenite, clays, and other secondary minerals produced in the
experiments.
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3.1.2 STABILITY OF BOREHOLE OPENINGS

Development of an improved two-dimensional block stability model was completed
and work began on a fully three-dimensional model with which the stability of
rock blocks adjacent to emplacement holes can be analyzed. Parametric studies
were then performed with the two-dimensional model in order to define its
limitations. The completed models will be checked by back- calculating the
stability of individual blocks that have been measured in the field. Once
thermally-induced stress changes are incorporated, the models will be used in
assessing waste-package emplacement-hole stability.

While the two-dimensional parametric studies were being performed, work also
focused on development of the fully three-dimensional numerical model.
Detailed plans for the structure of the model and coding and testing of major
parts of the model were completed late in the quarter. Finished portions of
the model incorporate a solution for an arbitrary initial three-dimensional
stress field around an emplacement hole.

The initial two-dimensional block stability parametric studies include over two
hundred analyses. This part of the work is significant because previous
researchers have dealt with only a limited range of in situ stress magnitudes
and lateral stress ratios and because the two-dimensional model used for the
calculations treats the effects of the stresses more accurately than do
previous models.

Computer programs that were written in BASIC were implemented on a
microcomputer to identify and draw individual rock blocks. Conversion of these
programs into FORTRAN versions for. use on the LLKL Octopus computer system
began this quarter; six programs have been translated. Once completed, the
converted codes will be able to take advantage of the higher quality graphics
capabilities available on the larger system.

3.1.3 DEHYDRATION AND REHYDRATION OF TOPOPAH SPRING TUFF

A fractured Topopah Spring tuff sample was prepared that measures 8.23 cm in
diameter and 10.10 cm long. The dry bulk density of the sample is 2.316 g/cc
and effective porosity is 3.6 percent. Twenty electrodes and four ultrasonic
P-wave transducers were mounted on the sample. Eight of the electrodes are in
pairs in the fracture plane; the rest of the electrodes form a ring around the
sample. The electrode ring will be used to test the application of an
impedance camera. One pair of the transducers was mounted along the
longitudinal axis of the sample; the other pair was mounted in the middle of
the sample transverse to the fracture plane. The P-wave velocity measured from
the transverse transducers may be more sensitive to the movement of moisture
along the fracture surface.

3.2 WASTE-FORM TESTING (WBS 2.2.2.1.L)

3.2.1 SPENT-FUEL LEACHING DISSOLUTIONS

Series 1 cladding containment credit tests, which had been terminated in March
and restarted with fresh deionized water, were terminated at 128 days on the
second run. Results on the restart were similar to the first run except that
suspended colloids over the bare-fuel specimen settled out sooner in the second
run and peak cesium activity in solution was lower by a factor of about 3.
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Post-test examination of the specimens showed that dried-fuel particles from
the bare-fuel test were coated with a light-colored reaction product. Fuel
dissolution features were observed at grain boundaries near the particle
surface. No apparent fuel surface corrosion was observed in a metallographic
section from the laser-punctured clad specimen.

Two new series of spent-fuel dissolution tests are in progress. Series 2A
(H. B. Robinson fuel in J-13 water) was started on June 19; Series 2B (Turkey
Point Fuel in J-13 water) was started on August 7. Both series consist of four
test specimens: bare fuel, laser puncture in cladding, machined slit in
cladding, and intact-cladding control specimen. Samples have been taken after
1, 6, 15, and 30 days exposure for series 2B and 1, 6, 15, 30, and 62 days for
Series 2A.

Initial data from Series 2A tests indicated that uranium solubility is much
greater (3 parts per million vs. 1 part per billion) in the J-13 water than in
the deionized water used in Series 1 tests. The colloid phase observed in
Series 1 has not been observed in Series 2A and all of the uranium in the J-13
water passes through an 18-angstrom filter. Stabilization of uranium in
solution by carbonate in the J-13 well water may explain the observed
solubility difference relative to the Series 1 deionized water tests.

3.2.2 ZIRCALOY CORROSION

The electrochemical corrosion scoping experiment in progress consists of
bundles of spent-fuel cladding wrapped with a strip of 304L stainless steel
sheet and submerged halfway in J-13 well water that is equilibrated with
crushed tuff at 90OC. Two, six, and twelve-month experiments were set up; the
two-month experiment was completed in September. Evaluation of the spent-fuel
cladding from the two-month experiment should be complete about the first of
November. To date the experiments are operating as expected. Preliminary
observations of the cladding surface after two months of exposure suggest
changes to the cladding surface next to the stainless steel.

3.2.3 SPENT-FUEL OXIDATION

Initial results appear promising in studies to determine the usefulness of the
Hanford Engineering and Development Laboratory thermo-gravimetric analysis
(TGA) system in low temperature oxidation studies of spent light-water-reactor
fuel. Two TGA runs were conducted at 2250C in air with a 140C dew point on one
sample of crushed fuel and one fuel fragment. The TGA system was relatively
stable for a test period of over 20 days. Preliminary results indicate that
oxide formation rate is not directly proportional to sample area.

Ceramographic examination of the pulverized fuel used in the 225 0C test
indicated grain-boundary oxidation attack. Examination by electron microprobe
and x-ray diffraction were not successful due to the high sample background.
New sample preparation methods are being tried. An additional TGA run is in
progress at 2000C with a fragment sample.
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3.2.4 PARAMETRIC TESTING

Parametric testing was completed of defense-waste processing facility (DWPF)
165-frit glass to determine the effects of changing glass surface area relative
to solution volume (SA/V). Results showed that the glass obeyed the scaling
law (SA/V)(time) in deionized water and J-13 well water. Release rates based
on lithium for the glass were similar in systems containing pre-equilibrated
J-13 water regardless of whether tuff or stainless steel was present. Release
rates in J-13 were about ten times lower than those found in deionized water.

The parametric test series was completed involving DWPF and PNL 76-68 glasses
(uranium-doped and actinide plus technetium-doped) in a gamma radiation field.
Major trends noted in the data are listed below.

(1) For the DWPF glass the initial reaction with water is small and the
mass loss of specimens is linear with reaction time out to 56 days.
The pH of solutions decreases with reaction time from 7.1 to 6.5
which indicates that radiolytic production of nitric acid is slightly
greater than the production of silica in solution due to glass
dissolution.

(2) For PNL 76-68 glass there is greater initial reaction and the pH
becomes more basic as reaction continues. In this case the glass
dissolution dominates the pH in the early stages; however, nitric
acid production moderates the pH increase for the 28- and 56-day
samples and the rate of dissolution of the glass decreases.

(3) The addition of tuff to the system moderates the pH changes,
indicating that the tuff is buffering the pH.

3.2.5 UNSATURATED ZONE TEST METHOD

The NNWSI Project waste-form test method for unsaturated disposal conditions
has been finalized and a technical report was prepared by Argonne National
Laboratory that details the test procedure and gives results of testing for
6.5- and 13-week tests using DWPF-165 frit glass. A test matrix is in progress
that involves the sampling of three ongoing tests at 6.5-week intervals for one
year and the termination of duplicate parallel tests after 13-, 26-, 39-, and
52-week exposure times. The two tests2 terminated after 13 weeks gave the
following normalized mass losses in g/m based on total weight loss, boron
release, and lithium release:

F-1: mass = 0.26, boron = 0.14, lithium - 0.20

F-2: mass = 0.25, boron - 0.22, lithium = 0.22

The agreement between results for the two tests and among the three measures of
release rate is extremely good when the small changes that must be measured are
considered, e.g., change in sample mass was 3 mg in 13 weeks for a 10 g initial
glass weight.

A full-size DWPF glass monolith has an external surface area of about 5 m2 and
a mass of about 1500 kg. Scaling the 13-week results to full size indicates a
predicted mass loss of less than 1 part in a million for a 13-week period.
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3.2.6 ANALOG TEST

The analog test uses a tuff rock core in the shape of a 5-in-long,
2 1/2-in-diameter right circular cylinder as a reaction vessel. The test was
initiated by placing a miniature waste package in the cavity machined in the
center of the core and placing both sections of J-13 saturated tuff into a
Teflon sleeve. The input of water to the tuff core was supplied by a storage
reservoir of water that was heated to approximately 1300C. The inlet line was
also heated. The goal was to supply the tuff core with an evenly distributed
supply of water vapor. The rate of flow through the tuff core was regulated by
the temperature (pressure) of the storage reservoir. Water, after passing
through the tuff core, was collected in a vented bottle for analysis of
radionuclides, cations, and anions.

The results of the 90-day analog test are very similar to unsaturated test
results for similar time periods, but are the results of only one test and may
represent only a portion of possible materials interaction. Analog tests that
will run for six months and one year are in progress. The results of these
tests will be compared to unsaturated test method results.

3.3 METALS TESTING (WBS 2.2.2.2.L)

3.3.1 ELECTROCHEMICAL POTENTIAL DETERMINATIONS

Electrochemical-corrosion potential was measured for different candidate
stainless steels in J-13 water in a high-intensity gamma irradiation field to
determine the corrosion-potential shifts due to the production of a more
oxidizing environment under gamma irradiation and whether such potential shifts
could induce localized pitting attacks because of the relative magnitudes of
the corrosion potentials and the pitting potentials of the different stainless
steels.

Typical behavior for 304L stainless steel in J-13 well water under gamma
irradiation at room temperature is described as follows. Upon initiation of
the gamma irradiation (3.3 Mrad/hr), the corrosion potential shifts positively
(in the more oxidizing direction) by about 150 mV. These potentials were
measured relative to a saturated calomel electrode. When the gamma source is
"turned off" by moving the vessel containing the test specimen to a position
four to six feet above the cobalt-60 source in the gamma pit, the potential
again increases. When the specimen is exposed again to the source, the
potential drops. This cycle is repeated before steady-state is reached. The
increase In the corrosion potential (EC ) is thought to be due to the
production of hydrogen peroxide, a stron-Torxidant, under gamma radiolysis of
the water. Although the exact mechanisms occurring in the cycle are still
under investigation, when the source is turned off, the further rise in
potential may be due to decreased for H (a reducing agent) production, which
is also a reaction product of gamma radiglysis of water. The net effect may be
a further increase in potential due to accumulation of metastable hydrogen
peroxide and a depletion (escape from solution) of H2. As hydrogen peroxide is
a relatively stable molecular product, once it is generated in solution, the
corrosion potential of 304L remains positive when the gamma source is turned
off.
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Results similar to those for 304L also were obtained for 316L stainless steel.
Again, a positive shift in the corrosion potential is observed for the 316L in
room temperature J-13 water. After about 390 minutes, the experiment was
terminated. The 316L electrode was removed and immersed in fresh, unirradiated
J-13 water; Ecor was found to drop immediately. This experiment shows that
the shift in ' found under irradiation is due to the formation of
relatively stabletardiolysis products which remain in solution.

After about 50 minutes at E in the unirradiated J-13 water, one drop of
concentrated 30 percent hycfiorgren peroxide was added and the potential was
observed to shift in the oxidizing direction. The similarity between this
shift and that observed under gamma irradiation suggests that radiolytic
formation of hydrogen peroxide from water may accornt for the shift in
corrosion potential. A concentration of 1.4 x 10- M hydrogen peroxide
produced the same potential shift as was observed in the radiolysis experiment.

It appears that the production of hydrogen peroxide under gamma irradiation is
the main determinant of the corrosion-potential shifts observed. Successive
additions of hydrogen peroxide were made to unirradiated J-13 water in which a
316L specimen was immersed; the resulting positive shifts of the corrosion
potential corresponded to the shifts observed in the irradiated J-13
environment. Experimental data indicates that while the corrosion potential of
316L is stongly affected by the addition of hydrogen peroxide to the solution,
the corrosion potential is not much affected by H2, which is also produced by
gamma radiolysis of water.

Potentiostatic anodic-polarization potentials in the gamma field were also
measured to study the effects of gamma radiolysis on pitting potentials.
Polarization potentials for 316L were measured in 650 ppm chloride solution
both under gamma irradiation and out of the gamma field. This chloride
solution was chosen because it represents a solution that is 100 times more
concentrated in chloride than J-13 and the pitting potentials (E it) in this
environment are clearly defined. Under gamma irradiation, thg' E and
E values are 5OmV and 390mV, respectively. This represents a separa¶fon of
3O mV. In the polarization curve determined outside the gamma field, the
corresponding values are -110 mV and +220 mV, which is a separation of 330 mV.
The influence of the gamma field therefore is to shift both the corrosion
potential and the pitting potential in the positive (oxidizing) direction with
the same magnitude of separation between them. The similarity in the magnitude
of the shift is interpreted to mean that the stainless steel is no more
susceptible to pitting attack with gamma irradiation than without it.

An access tube was installed in the LLNL gamma pit. Now experiments can be
conducted at elevated temperatures because the access tube allows insertion of
heating elements and isolates them from the shielding water. In the coming
months, the electrochemical corrosion potential and polarization behavior of
candidate stainless steels will be determined over a range of temperatures.

3.3.2 DEVELOPMENT OF A MORE CONCENTRATED ELECTROLYTE

Use of stainless steels as container materials for nuclear waste in a tuff
repository may be limited if the containers are contacted by a water much more
concentrated in electrolyte than is J-13. An unlikely sequence of events is
required for this concentration to occur: water at boiling temperatures and
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with a concentration of ionic species would have to enter the repository
environment repeatedly and drip onto the waste containers during the
containment period to create a more concentrated ionic environment. However,
the performance of the material in such a circumstance is being investigated to
determine the extent of degradation that would occur.

To investigate the corrosion behavior in the more concentrated electrolyte
solutions, J-13 water was boiled to approximately 10 times (lOx) and 100 times
(lOOx) its initial ionic concentration. Anion concentrations for fluoride,
chloride, nitrate, and sulfate for the lOx solution were approximately ten
times the initial concentrations. The lOOx solution yielded high results for
every anion except fluoride (fluorides are generally less soluble than other
salts); these results are being checked. Copious precipitation was observed
when J-13 was boiled to lOOx concentration. Analysis revealed that this
precipitate consisted of mostly calcium silicates. The pH of the lOOx
boil-down solution rose to about 9.8 whereas normal J-13 water is nearly
neutral. This pH change may actually be beneficial to the localized corrosion
performance of the stainless steel as the more alkaline environment may counter
the effect of an increase in chloride ion content. A more complete analysis of
the concentrated solutions to include all of the anions and cations will be
performed to enable the preparation of reasonable synthesized solutions in the
laboratory, as the time and water volumes required to prepare quantities of the
boiled-down water would be prohibitive.

Exposure of stainless steel specimens to the more concentrated electrolytes
will be performed in future months to determine whether metallic corrosion is
affected by the beneficial effect of the pH increase or by the potentially
harmful effect of the chloride ion increase.

3.3.3 CORROSION PERFORMANCE IN WETTING AND DRYING SITUATIONS

Work is being performed under subcontract at Pacific Northwest Laboratory (PNL)
on the corrosion performance of stainless steels exposed to alternate wetting
and drying conditions. These conditions could be attained by periodic dripping
of vadose water onto a hot canister surface and subsequent evaporation of the
water which would leave an ionic salt residue. This event could be repeated
many times during the containment period. In this particular test, an assembly
of 40 U-bend stress-corrosion specimens is exposed to J-13 water and crushed
tuff rock in an autoclave maintained at 2000C and a pressure of 1000 psi. At
weekly intervals, the autoclave pressure is reduced, allowing the autoclave to
boil dry; the temperature is maintained at 2000C during the dry cycle, as well.
The autoclave is refilled with water and the cycle is repeated. The assembly
of U-bend specimens includes 304 and 304L stainless steel, all of which have
been furnace heat-treated (sensitized) at different times and temperatures.
The U-bend assembly underwent 15 wet-and-dry cycles over the past four months.
Examination of the test specimens revealed that nine out of ten specimens of
304 stainless steel that had been sensitized for 24 hr at 6000C had failed. No
specimens of 304L stainless steel that had been sensitized for 24 hr at 5500C,
24 hr at 7000C, or 8 hr at 7000C had cracked.

The carbon content of the 304 stainless steel was 0.63 percent, while that of
the 304L was 0.017 percent. The reason for inclusion of the heavily-
sensitized, high-carbon 304 material was to induce an early failure and show
the test validity in discerning sensitivity to the degree of sensitization.
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This is exactly what occurred in this test. The morphology of the stress-
corrosion cracks in the sensitized 304 will be examined because crack
morphology is indicative of the causative mechanism. An intergranular pattern
of crack formation indicates that the sensitized microstrucure caused the
cracks, while a transgranular pattern suggests that concentration of the
electrolyte (especially chloride ion) is the cause.

A sample of the water was withdrawn for analysis. The pH of the solution was
8.78 and the conductivity was 1360 micromhos.

The surface of the U-bend specimens appeared somewhat chalky, but there were no
salt deposits or encrustations present. It appears that most of the soluble
ionic species (chloride, sodium, sulfate) were concentrated to six to seven
times their starting concentrations in J-13 well water. The less soluble
species (calcium, bicarbonate, fluoride) evidently had precipitated. Nitrate
ions probably reduced to nitrite and other valence states of nitrogen at
cathodic sites on the stainless steel surfaces. The increase in pH probably was
due to the relative increases in concentrations of sodium and other alkaline
species over the concentrations of calcium and other alkaline earth species
which underwent partial precipitation. The uncracked U-bend specimens were
returned to the autoclave for additional exposure hours in the concentrating
environment.

3.3.4 STRESS-CORROSION SUSCEPTIBILITY

The matrix study of four-point-loaded, bent-beam specimens (ASTM G-39 Test
Procedure) on welded, furnace heat treated, and cold-worked alloys has reached
4000 hours of exposure in 1000C J-13 water and steam with no evidence of crack
initiation in any of the specimens. The alloys include types 304, 304L, 316L,
and 321 stainless steels. Parallel studies conducted on the same alloys in the
cold-worked, welded, and unsensitized conditions have reached 2000 hours of
exposure in the same environments with no sign of crack initiation in any of
these specimens.

Additional sets of specimens were prepared. One set of specimens was prepared
in which several different heat treatments were performed on previously
cold-worked (cold-rolled) plate stock. The bent-beam specimens will be
machined from this plate. Some of these heat treatments have involved
week-long treatments at 7000C in an attempt to sensitize the low- carbon grades
of stainless steel. Types 304, 304L, 316L, and 321 were given this heat
treatment.

An additional plate of each of the above materials in the cold-worked condition
has been reserved for future use in preparing specimens for the Gleeble. The
Gleeble is an instrument which heats small metal coupons, usually to simulate a
weld or weld heat-affected zone. Thermocouples are spot-welded to the specimen
which resembles a small tensile specimen. A computer program is used to
establish temperature control. Gleeble specimens offer an alternative way of
creating a time-temperature history in a specimen which subsequently will be
exposed to the test environment. The Gleeble specimens simulate continuous
cooling conditions as opposed to isothermal conditions obtained in a furnace-
heat treatment.
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Specimens of 304L and 316L stainless steel have been heat-treated to simulate
the conditions that a fabricated canister would experience during the waste-
form filling and storage operations. Cold-worked material is given a 15-minute
treatment at 10000C to simulate welding, followed by either a water or air
quench and a treatment at 2500C to produce a low temperature sensitization.
The purpose of this sequence of treatments is to create a structure
representing the combinations of cold work (fabrication of the spent-fuel
canister), high-temperature exposure and cooling (closure weld), and low-
temperature exposure (storage in the repository). Some additional specimens
are given an 8000C treatment for 17 hours to simulate the glass-casting
operation for the vitrified waste forms. Another group of specimens is given
the same heat treatments, but without the prior cold work. Tests run on this
group of specimens will determine the effect of cold work in nucleating
sensitized (chromium-depleted) areas in the stainless steel.

In addition to considering the sensitization effects, the formation of sigma
phase is of concern. Sigma phase is an ordered solid solution whose fracture
toughness is significantly less than that of austenite. Sigma-phase formation
is favored by high concentrations of chromium or molybdenum (the latter forms a
similar chi phase) in steel exposed to temperatures greater than 7000C for long
periods of time. Some specimens of 316L stainless steel have been heat treated
at 7500C for up to two weeks in an attempt to produce a sigma phase and to
determine its influence on the stress-corrosion susceptibility of the steel in
the J-13 water test environment. Since optical metallography did not
conclusively reveal the presence of sigma phase, transmission electron
microscopic examination of the specimens is underway. As in the different heat
treatments used to create a sensitized microstructure, rather extreme
treatments are given to the specimens in an attempt to create a sigma phase.
These extreme treatments subject the specimen to higher temperatures and longer
times than the actual processes to which canister materials will be exposed.
The intent is to produce extreme-condition microstructures and to determine the
tendency of these different microstructures to initiate stress-corrosion
cracking.

A test matrix for preparing stress-corrosion specimens on the Gleeble has been
planned. Types 304, 304L, 316L, and 321 stainless steel specimens will be
heated to 9000C and cooled at accurately controlled rates of 0.2, 0.5, and
1.00C/sec. The specimens simultaneously will be strained 2 percent.
Literature references have indicated that this combination of thermal cycling
and strain produces sensitization in high carbon 304 stainless steels. Type
304 stainless steel specimens are included in this stress-corrosion study in an
attempt to produce an early failure, thereby enabling the test sensitivity to
be estimated. An interesting effect may be produced in the titanium-stabilized
321 stainless steel because the proposed time and temperature in the Gleeble
may favor formation of the microstructure that gives rise to 'knife-line
attack," the corrosion that occurs in a very narrow region adjacent to a weld
when this material is exposed to oxidizing aqueous environments.
Gleeble-prepared 321 specimens may show a much broader region of attack because
the chromium carbide precipitation occurs over a much broader region than in
conventional welded specimens.
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3.3.5 SLOW-STRAIN-RATE STRESS-CORROSION SUSCEPTIBILITY TESTS

Five slow-strain-rate tests were completed. Emphasis is being placed on a
strain rate intermediate to those used in the past to determine whether an
intermediate strain rate would distinguish between sensitized and
non-sensitized material as !gll as the slow strain rate used previously. The
intermediate rate is 5x10 /sec, compared to the previously used rate of
2x1O /sec. If the intermediate strain rate proves useful, the one-month test
required at 2x10 /sec could be reduced to a test of a few days' duration.
Reference data has been obtained, i.e., data using air environments and
non-sensitized steel in J-13 water. Heavily sensitized specimens (24 hr at
600 C) of high-carbon 304 stainless steel will be exposed to the J-13 test
environment to indicate the sensitivity of this intermediate strain rate in
indicating stress-corrosion susceptibility.

3.3.6 CORROSION OF COPPER AND COPPER ALLOYS

Because of the recent interest in examining copper-base materials as possible
nuclear waste-containment materials, a survey experiment was begun of their
corrosion performance in the J-13 well water envi Eonment and in the saturated
steam phase directly above the water at 100 C. For this preliminary
experiment, three coupons each of CDA 110 (electrolytic tough pitch copper),
CDA 706 (90/10 cupronickel), CDA 715 (70/30 cupronickel), and Monel 400 were
exposed to the water and another three coupons each were exposed to the steam.
The same ASTM G-1 and G-31 test procedures were followed for the copper-base
material weight-loss coupons as were used for the stainless steel coupons. The
copper-base coupons are exposed in a cell that is different from the one used
for stainless steel because of possible cross-contamination of the corrosion
products from the dissimilar metals.

The copper weight-loss coupons were examined after 3000 hours of exposure to
the water and steam environments. As expected, the coupons were covered by
corrosion products which on the high-copper materials were opaque black oxide
films. The Monel 400 specimens developed thinner, transparent films during the
same exposure period. Copper and copper alloys often show decreasing rates of
corrosion and oxidation with exposure time because of the protection given to
the metal by formation of the oxide films. For this reason, two of the three
specimens were left with the film intact, while the film on the third specimen
was cleaned off before the corrosion rate was determined by the weight loss.

The corrosion rates of the different materials in the water and in the steam
are given in the Table 1. The values given in Table 1 were determined for
single coupons of each alloy in each environmental phase. As expected, the
cupronickel coupons (CDA 706 and CDA 715) showed lower corrosion rates than the
essentially pure tough pitch copper (CDA 110); the Monel specimen showed a
weight gain. All of these coupons had been cleaned according to the ASTM G-1
procedure for copper and its alloys. The cuporonickels are generally more
corrosion resistant in oxidizing environments such as J-13 water than the pure
coppers. Monel, a nickel-base alloy containing about 32 percent copper, is
quite resistant to corrosion in aggressive aqueous environments. The coupons
which had been weighed were returned into the test cells along with the other
coupons which had not been examined. The next planned inspection will be after
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6000 accumulated exposure hours in the test environments. During this
inspection, the previously cleaned specimens can be compared to those which had
never been cleaned so that the protective role of the black oxide film can be
determined.

TABLE 1

CORROSION RATES OF COPPER-BASED MATERIALS
EXPOSED TO J-13 WELL WATER AND STEAM AT 1000C.

3000 HOURS OF EXPOSURE

Alloy Corrosion Rate (micrometers/year)
J-13 Well Water Saturated Steam

CDA 110 3.11 4.22
CDA 706 2.10 0.90
CDA 715 0.28 0.50

Monel 400 0.02 -0.64 (wt. gain)

The amount of localized corrosion was also determined for each alloy tested.
As with the corrosion testing for stainless steels, slotted Teflon washers were
used to create an intentionally-creviced area on each coupon. The maximum
localized penetrations were found in this creviced region during the 3000-hour
exposure period. Expressing these localized penetrations on an annualized
basis, the rates fall in the range of 40 to 150 micrometers/year and are
considerably in excess of the general corrosion rates given in Table 1. These
materials would be a localized penetration which would eventually perforate the
canister wall. Subsequent exposure and inspection of the coupons should
indicate whether projections of the localized penetrations do indeed dominate
the corrosion attack.

For comparison purposes, the general corrosion rates of carbon steels (1020 and
A-36) are 27 to 30 micrometers/year in J-13 water and 10-13 micrometers/year in
steam at 1000C with annualized localized corrosion rates on the order of 150 to
260 micrometers/year in water and 160 to 185 micrometers/year in steam.
Austenitic stainless steels (304L, 316L, 317L, 321, and 347) show general
corrosion rates of 0.025 to 0.380 micrometers/year in J-13 water and 0.25 to
0.056 micrometers/ year in steam with annualized localized corrosion rates from
none discernible to 0.045 micrometers/year in water and from none discernible
to 0.372 micrometers/year in steam. As expected, the corrosion rates for the
copper-based alloys fall between those for carbon steel and those for the
stainless steels in the oxidizing J-13 water and steam environments. The
copper-based materials containing substantial quantities of nickel, as well as
the nickel-base material containing substantial copper (Monel 400), are
significantly more corrosion resistant than unalloyed copper in these test
environments, with the corrosion rates of the 70/30 cupronickel and Monel 400,
approaching those of the austenitic stainless steels. It should be emphasized
that the corrosion data for copper are based on results from single specimens,
while those for the carbon steel and stainless steel are based on results from
multiple specimens.
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3.4 OTHER MATERIALS (WBS 2.2.2.3.L)

Work is continuing on measurements of the permeability of Topopah Spring tuff
in a temperature gradient. The effects of pore pressure, sample orientation,
and flow direction on the permeability of the tuff and the fluid chemistry of
the water are being investigated. The temperatures and pressures of the
experiments were chosen to approximate those expected at the repository level.
To date, the permeability experiments and the chemical analyses of the
discharged fluids have been completed. The analysis and interpretation of the
chemical data is in progress.

3.5 PACKAGE DESIGN (WBS 2.2.3.L)

3.5.1 DESIGN

The conceptual design for spent-fuel space frames was revised to reduce weight
and cost. Criticality control is provided by the use of neutron-absorbing
poison rods consisting of boron carbide slugs in 1/2-inch-diameter Zircaloy
tubes. Spaces around the square-holed space frame are left open to allow
thermal radiation heat transfer and to reduce weight and cost. Space-frame
weight has been reduced from about 6000 lb to 2500 lb. Weights vary for
pressurized water reactor (PWR) and boiling water reactor (BWR) fuel and as a
function of fuel-rod length.

To obtain commercial cost estimates for spent-fuel canister space frames,
detailed drawings were prepared for BWR and PWR space frames. The PWR drawing
was sent to fabricators for detailed cost estimates on quantities of 200 per
year each of three lengths (total 600/yr). These estimates will be available
in late October 1984.

3.5.2 THERMAL MODELING

Two thermal calculations were made for the current vertical-emplacement
canister-design configuration with 10-year-old PWR spent fuel. In each case,
borehole and canister diameters were 76.2 and 70.0 cm respectively. One case
considered canisters emplaced with a package pitch of 8 m and a drift pitch of
30.5m, and for the other case the package pitch was Sm and drift pitch was
46.9m. In both cases the maximum allowable waste temperature of 350 C was not
exceeded. The calculations were made in two stages. The first stage was a
calculation to determine the borehole wall-temperature history using the
three-dimensional computer code TAC03D. The computer model consists of a
spent-fuel-like heat source inside the borehole surrounded by tuff with
appropriate symmetry planes between boreholes and drifts. A linear analysis
wah made using dry tuff thermal properties and an initial tuff temperature of
25 C. The second stage of the calculation modeled the waste package inside the
borehole and used the temperature history of stage 1 as a boundary condition at
the borehole wall. A two-dimensional, variable-property, infinite-cylinder
model using the computer code TAC02D was subsequently used to calculate the
thermal history of the waste-package canister walls.
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3.6 PERFORMANCE ANALYSIS AND TESTING (WBS 2.2.4.L)

3.6.1 PERFORMANCE ANALYSIS

WAPPA review and verification studies continued to determine the applicability
of the previously developed code to the performance analysis of waste packages
emplaced in unsaturated tuff. Several changes and additions were made to the
mechanical submodel (FMODEL) to examine and extend its capabilities. First,
the stress components are now calculated at the outer radius of a metal barrier
as well as at the inner radius. The inner radius is more critical for the
primary load cast expected in a salt repository (i.e., lithostatic pressure);
however, in the absence of such external pressures (i.e., expected NNWSI
Project emplacement conditions), stresses at the outer radius also must be
considered. Second, WAPPA's detailed system diagnostic printout was not
operational. A small program change allowed this diagnostic information to be
printed and examined. Third, the crack rupture and stress-corrosion crack
growth submodels were not activated originally because no provision existed to
read the initial crack size; this input has since been added. Stand-alone
tests of FMODEL and the crack-related failure modes have been completed.

Several initial elements in the Waste Package Flow/Transport Modeling Work Plan
have been completed. The WAFE code, developed at LANL, is now operational on
the LLNL Cray computer system and a sample problem supplied by LANL has been
executed successfully. Initial test problems have been defined to exercise
WAFE and will include the re-analysis of the preliminary one-dimensional waste-
package study completed in a joint LLNL/LANL effort. Successful execution of
these two test problems will provide a starting point for future efforts to
model porous flow within the waste package. In preparation for these analyses
it will be necessary to define the boundary conditions which characterize the
waste-package emplacement environment.

The first phase of an effort to model matrix diffusion of radionuclides through
Topopah Spring tuff has been completed. Solution concentration data for this
analysis was obtained from the LLNL/Savannah River Laboratory saturated release
tests of the DHLW waste form. Further analyses are planned to determine the
effect of highly soluble caliche material in the tuff sample.

3.6.2 PERFORMANCE TESTING

Activities this quarter were related to the high frequency electromagnetic
(HFEM) geotonography measurements that were conducted earlier this year in
G-Tunnel. Such techniques may be used in the waste package environment tests
to monitor spatial changes in saturation of the rock. In this part of the
work, borescope surveys of the post-experiment boreholes were performed to
detect fractures in the plane of the HFEM geotomography measurements.
Borescope logs and the experimental geophysical results were used to infer
paths of tracer flow during the HFEM field trials. Anomalies seen in the
geotomographs appeared to closely match the fractures present in the plane of
the HFEM measurements. A model of the inferred flow paths was developed with
which synthetic tomographs were generated. This confirmed that the inferred
flow paths could produce the image anomalies observed in the real tomographs.
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4.0 SITE (WBS 2.3)

Many of the rocks in Yucca Mountain have properties that will retard migration
of any radionuclides that might be released from the waste packages. The
mineralogy-petrology program will provide a description of rock and fracture-
fill petrologic and mineralogic characteristics in the host rock and along
pathways to the accessible environment. The geochemistry program will quantify
the interaction of radionuclides with the hydrogeologic system. Six additional
programs are in place to investigate the geologic, geophysical, tectonic,
volcanic, hydrologic, and climatologic characteristics of the site.

4.1 GEOCHEMISTRY (WBS 2.3.1)

4.1.1 GROUNDWATER CHEMISTRY (WBS 2.3.1.1)

The groundwater pumped from drillhole USW H-3, which is located at the south
end of the repository block at Yucca Mountain, has two features that
differentiate it from others in the area: the pH Is higher and the water is
reducing. These features could affect the solubility of some of the waste
elements if they extend throughout the repository area and if they were
expected to continue into the future.

Drillhole USW H-6 is located west of the repository block and may lie along the
recharge pathway to the repository block area. There are two distinct
permeable zones in this drillhole, one in the Bullfrog Member and one in the
Tram Unit. Groundwaters from these zones were studied to provide information
on the vertical distributions of water compositions and on the expected
composition of possible recharge waters down to the saturated zone beneath
Yucca Mountain. Both zones were individually packed off and pumped at over
13 1/sec until formation water was obtained. Samples were taken periodically
and analyzed. The results were different than what was expected. The ground
waters were cleared of detergent very quickly by pumping. Apparently less
detergent was used during the drilling of this hole than was used with others.
The groundwaters from the permeable zones in the Bullfrog Member and the Tram
Unit are oxidizing. Very little difference exists in groundwater composition
of the permeable zones in the Bullfrog Member and in the deeper Tram Unit.
Calcium and bicarbonate ions are approximately 0.1 meg/l higher in the upper
Bullfrog Member; all other constituents are quite similar in the two waters.

Groundwater properties that are not well known are the amount and
identification of particulates moving with the groundwater. Small-sized
mineral particulates from tuff and natural colloids (such as iron hydroxides)
are possible transporters of sorbed or co-precipitated waste elements if the
solids move through the fractures or open pores of the tuff along with the
natural water flow. Studies on particulates in the laboratory and in the field
pumping tests will be emphasized for the remainder of FY 84 and FY 85.

4.1.2 NATURAL-ISOTOPE CHEMISTRY (WBS 2.3.1.2)

Samples were collected for measuring rainfall infiltration based on the bomb
pulse chlorine-36 technique. The bomb pulse refers to the greatly increased
chlorine-36 global fallout from high-yield nuclear weapons tests in the Pacific
Ocean testing area between 1952 and 1959. The first samples were collected
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from a trench bulldozed in the alluvial fill at the Exploratory Shaft site in
Coyote Wash and from the Yucca Wash 6 trench, located about 4 km east of the
Exploratory Shaft site.

In addition, two types of surveys were made to locate a suitable site for
measuring chlorine-36 infiltration into fractured tuff. One survey consisted
of sampling the thin soil overlying the fractured tuff at four sites on the
crest of Yucca Mountain and at one site at the mouth of Coyote Wash. The soil
samples were analyzed for chloride concentrations. The low chloride content
and the lack of increased chloride content adjacent to the underlying tuff
indicate well-drained soils. Presumably, rainfall drains into the fractured
tuff.

The second type of survey involved measuring the electromagnetic conductivity
of the 10 to 20 m of tuff closest to the surface at two sites on the crest of
Yuoca Mountain and at three sites adjacent to Coyote Wash. Measurements at
30 increments around the surveyed points showed that the tuff is electrically
anisotropic in the direction of fracturing. A potential site for collecting
fractured tuff samples for chlorine-36 measurements was identified at the mouth
of Coyote Wash from these electromagnetic survey results. The site contained
no archaeological artifacts and no endangered plant or animal species. A
backhoe and a pneumatic hammer were used to collect samples to a depth of
0.8 m; heavy rains ended the sampling at this location. The excavation was
backfilled to prevent the hole from becoming a local recharge point.

4.1.3 HYDROTHERMAL GEOCHEMISTRY (WBS 2.3.1.3)

A thermodynamic model of analcime has been constructed to understand the
controls on its stability. Analcime thermodynamics are important because
analcime probably is a breakdown product of clinoptilolite. Therefore,
analcime thermodynamics, as well as those of clinoptilolite, must be known
before the possible reaction of clinoptilolite to analcime and additional
phases can be modeled. The model for analcime also can be used to clarify the
present chemical conditions in portions of Yucca Mountain where analcime is
present and to examine the possibility that these portions of the mountain may
have been heated to higher temperatures in the past.

The model indicates that the analcime in Yucca Mountain crystallized where the
silica activity was only slightly below that in equilibrium with cristobalite.
The fact that analcime presently coexists with quartz indicates that the rock
is not in overall equilibrium. The model suggests that analcime did not
crystallize above about 1500C but does not indicate a specific temperature.
The model predicts that analcime will crystallize at higher silica activities
when the pressure on the crystal is closer to the fluid pressure. This implies
that, as the area evolves toward silica activities more closely in equilibrium
with quartz, albite may be converted to analcime, which will crystallize in
voids where the pressure on the analcime is equal to the fluid pressure. Such
an occurrence would decrease permeability.

4.1.4 SOLUBILITY DETERMINATIONS (WBS 2.3.1.4)

The water compositions at Yucca Mountain are at or near equilibrium with the
local minerals and are unlikely to change significantly if conditions remain
stable. However, if conditions were to change, the capacity of the water and
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mineral system to accommodate these changes must be understood. One aspect of
this general problem was studied, the response of the system to addition of
H+ or OH-, i.e., the pH buffer capacity.

Dissolved species in water can significantly reduce pH changes of a given
addition of acid or base. In water from Yucca mountain, the aqueous species
carbonate, aqueous silica, and sulfate have significant buffering capacities.
Carbonate and aqueous silica have buffering capacity in the pH range between 6
and 10; sulfate is an effective buffer only at a pH near 2. Solids that are in
equilibrium with an aqueous solution or that can precipitate from it also
affect the buffering capacity of the solution. Reactions involving the clays,
zeolites, and feldspars at Yucca Mountain also produce or consume H and should
provide additional buffering. Precipitation or dissolution of calcite also can
affect water pH.

The most likely cause of pH changes in water at Yucca Mountain is oxidation of
iron pyrite; this process is responsible for acid waters associated with many
mines. Calculations were completed on the effects of oxidizing iron pyrite in
Well J-13 water alone and in water plus local minerals. In Well J-13 water
alone, about 0.5 mmoles of iron pyrite can be oxidized per liter of water with
only moderate pH change (from 7 to 5). This process would add about 1 mmole/l
of sulfate to the water, five times more than the normal sulfate content in
Well J-13 water. When local minerals are present, the water pH is stabilized
near 7 by the conversion of clinoptilolite to nontronite and kaolinite which
indicates a very large buffering capacity associated with these minerals.
Similar calculations were done for additional H and OH- by unspecified
processes to the water and water plus minerals. Well J-13 water alone can
accommodate the addition of about 2 mmole/l of H+ or OH- with only moderate pH
changes (about 2 pH units). With minerals present, the behavior for additional
H+ is the same as for pyrite oxidation. However, the local minerals do not
provide much further buffering for additional OH- beyond the water alone.

Thus, Well J-13 water alone and water plus the minerals commonly found at Yucca
Mountain have relatively good pH buffering capacities. This is particularly
true for the water/mineral system subject to H+ addition. However, these
calculations assumed equilibrium behavior. This is a good assumption for
reactions involving only aqueous species, but kinetic constraints may limit
rates of aqueous/solid reactions (such as precipitation or dissolution). If
the buffering capacity of the water/mineral system becomes important, it may be
necessary to perform additional experiments or analyses to verify the
assumption of near-equilibrium behavior.

Water from Well J-13 is generally similar to water from other wells and
drillholes that tap the tuffaceous aquifer near Yucca Mountain. In particular,
water from drillholes UE-25b#1 and USW H-1, H-4, H-5, H-6, and G-4 should have
buffering capacities similar to that of Well J-13. Water from drillhole H-3
has a higher pH and higher carbonate content than water from Well J-13; it
would have a higher buffering capacity for additional H .

The chemistry of actinides in the near-neutral waters around Yucca Mountain
will significantly impact actinide solubility and transport in water that
interacts with nuclear waste. Three aspects of actinide chemistry are being
examined: (1) complex formation between Pu(IV) and carbonate, (2) solubility
product of PuO2*nH20 (solid or colloidal sol), and (3) complex formation
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between Am(III) and carbonate. Data collected on the solubility behavior of
colloidal Pu(IV) are being reviewed to understand the reactions that are
occurring and the controlling mechanisms. An upper limit for the solubility
product has been estimated, but a lower limit is still uncertain.

Solubili measurements have been started on NpO +, NpO22+, Am3+, Pu4+, PuO +
and PuO in Well J-13 groundwater. To avoid {he loss of CO from Well 3-13
water dgring the experiment, partial CO pressure is being maintained above the
solution surface. The pH of the solutign is held at 7.0 + 0.1.

4.1.5 SORPTION AND PRECIPITATION (WBS 2.3.1.5)

Sorption experiments are being conducted to test the effects of possible
variations in groundwater composition. In addition to water from Well J-13,
waters from drillhole UE-25p#1 (which has much higher concentrations of
calcium, magnesium, strontium, barium, sodium, bicarbonate, and sulfate than
Well J-13), Well H-3, and deionized waters are being used. Sorption
measurements of strontium, cesium, barium, and europium were performed with
drillhole UE-25P#1 and deionized waters, using G1-2901 tuff (devitrified).
Sorption ratios for strontium, cesium, and barium were lower for drillhole
UE-25p#1 water than for the deionized water, indicating the expected
ionic-strength effect. Barium and europium ratios were high in both cases.

Sorption measurements with technetium and J-13 groundwater showed no increases
with contact times up to one year and are near zero. Final meaurements will be
made at 15 months. Batch measurements are continuing with -neptunium-235 for
long-term sorption measurements. Neptunium isotherm sorptions in a carbon
dioxide-controlled atmosphere were completed.

Serial sorption measurements with plutonium were begun and the first was
completed. The measurements are being made on GU3-916 crushed rock. The first
phase sorption ratio was 260 + 14, which agrees quite well with the value of
250 + 25 reported previously. The second phase, which involves sorption on
fresh crushed rock using the aqueous phase of a prior sorption, will be
completed within the next few weeks. The second series will indicate whether
the species of plutonium remaining in solution after a sorption experiment
behave differently than the plutonium that sorbed initially.

Batch-sorption measurements of uranium were conducted at a pH range of 6.0 to
6.4 in controlled partial pressure of carbon dioxide, which simulates
conditions similar to those found in Yucca Mountain groundwaters. One effect
of the change from pH 8 to the lower pH is the change in the carbonate
complexing of uranyl ions. Rd values were observed that are 3 to 8 times
higher than at pH 9.8, which indicates that prior measurements gave
conservative results. Similar experiments with selenium indicated no change
from the results of prior work in ambient atmosphere.

4.1.6 DYNAMIC TRANSPORT PROCESSES (WBS 2.3.1.6)

Technetium is present as an anion, the pertechnetate ion, in oxidizing waters
and actinides may be present as anionic species in the groundwaters at Yucca
Mountain. To understand the behavior of anions such as pertechnetate and to
distinguish between anionic behavior of actinides, as opposed to kinetic and
colloid effects, several well-understood anions were eluted through a large
crushed-tuff column.
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The anion exclusion effect was observed in the 2-m G2-2017 crushed-rock column.
The anions chloride, sulfate, and nitrate eluted approximately 22 percent
earlier than the tritiated water. The magnitude of the observed effect agrees
approximately with the internal volume of the intracrystalline channels in
clinoptilolite and mordenite. The one exception was fluoride, which arrived
slightly later than the tritiated water. This may be due to the ionic radius
of fluoride, which may be small enough to penetrate the intracrystalline
channels. If the tuff-Well J-13 system is near fluoride saturation, however,
the retardation may be due to fluoride precipitation. Pertechnetate has not
been eluted yet, but based on the above observations, it probably will not be
retarded because the ionic radius is larger than that of fluoride.

To assess the potential for particulates to transport radionuclides through the
Yucca Mountain hydrologic system, a state-of-the-art probe was developed for
measuring particle-size distributions. This tool is used to determine the size
of particles in the plutonium colloid, in natural groundwater, and in
particulate tracers. Knowledge of particle size, coupled with the results of
transport experiments of particulates through solid and fractured tuff, will
provide a basis for calculating the filtration capability of bedded tuff as a
barrier to particulate migration. This tool will also allow the study of the
growth and dissolution of colloidal-sized particles, knowledge of which may be
necessary to determine whether colloids can migrate over long distances in the
Yucca Mountain hydrologic system.

The probe is laser-based and uses a phenomenon called dynamic or quasi-elastic
light scattering. The scattered light is detected by a photomultiplier and the
signal is processed by an autocorrelator. The resulting correlation function
is in the form of a Fredholm integral of the first kind, containing the
particle- size distribution. The integral equation is being inverted by the
code INVPOS, using optimal smoothing and a positivity constraint.

A two-meter long column containing crushed G2-2017 was prepared and the free
column volume was determined by eluting tritiated water at several flow rates.
The average free column volume, 22.4 ml, was found not to be velocity dependent
over a wide range of velocities. This result is consistent with the expected
results for a column packed with fine-frained material (75 to 500 micrometers).
The mineral composition is approximately 20 percent clinoptilolite, 40 percent
mordenite, 35 percent feldspar, and 5 percent silica phases. The
intracrystalline porosity of the tuff is 17 percent based on the porosity of
clinoptilolite (0.35) and mordenite (0.26).

Anion-spiked J-13 water was prepared by adding 1.4 ml of 0.1 M hydrofluoric
acid, 2.8 ml of 0.1 M hydrochloric acid, 3.1 ml 0.1 M nitric acid, and 1.0 ml
of 0.2 N sulfuric acid to one liter of J-13 water. The total acid added was
limited to 0.93 meq/l to minimize the compositional change in the water. The
resultant pH was 6.0 which indicates that the buffer capacity of the
bicarbonate buffer was not exceeded. Tihe spiked solution was eluted through
the column at a flow rate of 2.28 x 10-1 ml/sec, which corresponds to a water
velocity of 2.0 cm/sec. The effluent from the column was analyzed using a
DIONEX anion chromatograph.
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Chloride and sulfate show the same anion exclusion with excellent agreement.
Nitrate agrees with these anions but the error is much larger due to the
scatter in the data. The large scatter may be due to biological activity in
the column, such as algae growth, which would absorb nitrate. However, this is
only speculation. The fluoride did not exhibit the anion exclusion effect and
in fact appeared to be slightly retarded (Rf = 1.06) with respect to tritiated
water. The fluoride also did not elute with the initial concentration, which
indicates some irreversible loss of fluoride. Because fluoride is the smallest
of the anions, this effect may be due to a molecular sieving process.
Alternatively, the water chemistry may be close to the solubility of fluoride.
If the effect is later shown to be molecular sieving, there would probably be a
strong dependence on the zeolite channel-diameter preferring mordenite to
clinoptilolite. The anion exclusion effect may provide a basis for verifying
the sorption properties of the geologic environment in field tests. Because
they are unretarded, fluoride results for a large-scale tracer tests would be
available in a reasonable time and the magnitude of the anion exclusion would
be a measure of the content of zeolite and clay. Effects such as those
observed with fluoride in this first experiment could distinguish between
zeolite minerals.

4.1.7 RETARDATION SENSITIVITY ANALYSIS (WBS 2.3.1.7)

TRACR3D code was brought up to production level on the SNL computer system and
was verified with numerous sample problems. This version of TRACR3D is
consistent with the TRACR3D document and represents the state-of-the-art in
computer simulation of flow and transport in geologic media.

A representative one-dimensional hydrologic problem of steady-state
infiltration through Yucca Mountain was defined. The problem, consisting of
four different scenarios, was the basis for calculations by the different
available codes. TRACR3D was modified to accept composite (matrix and
fracture) conductivities supplied by SNL for the layered Yucca Mountain
problem. Case 1 was run to steady state using this modified version of TRACR3D
and the results were compared with those from steady-state calculations using
TOSPAC (one-dimensional) and SAGUARO (two-dimensional) codes. The agreement
among all three codes was excellent. TRACR3D reached the steady-state solution
for case l in only seven minutes of computer time. At present, it is the only
operational code capable of dynamic two- and three-dimensional Yucca Mountain
calculations for both flow and transport.

The case 2 layered Yucca Mountain scenario was run using TRACR3D for a
significant period but has not yet reached steady state. Nevertheless,
comparison of results from TRACR3D case 2 with those from TOSPAC and SAGUARO
indicated that the results thus far are very reasonable. To increase its
speed, TRACR3D was modified to use an explicit formulation for regions with
less rapid flow and an implicit formulation for regions with more rapid flow
and nearly saturated conditions. This explicit/implicit version is now being
used for cases 2, 3, and 4 of the layered Yucca Mountain calculations.

The results of two-dimensional, two-phase WAFE calculations that model heat
effects in the rock matrix surrounding a heat source produced in a radioactive
waste container suggest that, for the proposed container wattage, no transport
in the matrix can occur until the heat source has cooled to below 1000C, as
temperatures above this reduce matrix saturation to zero. These calculations
also demonstrated the dependence of results on material properties.
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Results were obtained from a two-dimensional TRACR30 fracture-flow calculation.
The calculation involved water flow through a single vertical fracture and into
the surrounding, partially-saturated tuff matrix. After the water had
substantially permeated the fracture and matrix, a nonadsorbing tracer was
released at the water source and its transport through fracture and matrix was
calculated. The results suggested that fracture flow (and consequently tracer
transport) can be considerably retarded by matrix capillary suction.

A new version of the WAFE code was completed and verified on the Los Alamos
Cray-i and Cray-XMP, on the CDC-7600, and on the VAX-11/780 computer systems.
This new version is FORTRAN77 compatible, is completely self-contained, and
will run on any computer system that supports the FORTRAN77 standard. The WAFE
code, which calculates transient, two-phase, multicomponent mass and heat
transport in geologic media, will be used to calculate heat effects near waste
containers.

Modeling of proposed experiments for the Exploratory Shaft diffusion test was
started. TRACR3D models of the diffusion experiment and the proposed
pressure-driven fracture-flow experiments are being calculated to specify
experimental conditions and to identify parameter sensitivities and probable
results of these experiments.

Colloid migration may provide a pathway for rapid release of radionuclides.
For this reason, the quantitative assessment of radioactive colloid transport
in the risk analysis of nuclear waste repositories is of significant interest.
A population balance approach was developed for two repository scenarios and
descriptive mathematical models were created.

The first scenario represents a near-field problem in which the backfill
surrounding a single canister fails, water penetrates the canister, and
radioactive colloids are released through the fractured backfill into the
surrounding geologic formation. Dissolved colloids in high enough concentra-
tions are allowed to precipitate into additional colloids. Adsorption of
dissolved colloids on natural groundwater colloids also occurs.

The second scenario represents a far-field problem in which dissolved colloids
have migrated beyond the repository. The radionuclides can bond with natural
groundwater colloids and can be transported through the fractured, porous
geologic, media. The models suggest that a comprehensive model for colloid
migration can be highly coupled, requiring the simultaneous solution of the
transport equations.

Two- and three-dimensional computer simulations of the entire Yucca Mountain
region are feasible but may be costly with the present series of computer
codes. A new code called TRON1D has been written that solves the dynamic
equations for one-dimensional water flow in a novel way. In initial testing,
it is one to two orders of magnitude faster than TRACR3D. Its capabilities are
being expanded to include transport. If it turns out to be much faster than
the finite-difference and finite-element codes for NNWSI Project problems, it
will be extended to two- and three-dimensional capability.
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4.1.8 APPLIED DIFFUSION (WBS 2.3.1.8)

Work reported previously showed that ion chromatography with an unitraviolet
detector appeared to be the most suitable technique for detecting bromide
concentrations as low as 50 4g/l. Before additional data could be obtained
concerning the use of bromide as a tracer in Topopah Spring Member tuff, the
ion chromatograph malfunctioned. Some parts were returned to the factory for
repair; other parts were replaced. The apparatus appears to be functioning
properly once again, except for some minor leaks. When these are fixed, the
elution of bromide from a column containing crushed Topopah Spring Member tuff
will be measured.

4.1.9 GEOCHEMICAL MODELING CODE EQ3/6 (WBS 2.3.1.9.L)

Code Development

A random-access capability was added to the MCRT thermodynamic data-base
preprocessor code. A unified master data file, MDAS, written in serial format
has been created to incorporate and replace the existing individual data files
that had been created element-by-element as the data base expanded over a
period of several years. A new utility, BMDR, is used to convert MDAS to MDAR,
the random-access format master data file. The user may edit the random access
data file directly using the MDAP utility and then write the file back to
serial format using BMDS to ensure consistency with all data files.

The MCRT code was modified to accept the random access data file in place of
three previous data files that were needed to run the code in the old format.
Additional changes were made to the code so that an OUTPUT file is generated
that catalogs all data-base errors and permits the user to correct all errors
after one run. This represents a significant modification to the MCRT code
which originally stopped after encountering an error.

Data Base Development

Data base documentation, revision, and expansion activities for FY 84 were
completed and incorporated into the on-line EQ3/6 data bash. ton-pairs and
complexes of Jhe majnr geochemical species H , Na , N , Mg , Al -, Sl (aq),
Cl-, OH, SO - CO , and HCO were the focus of one project and 20 s ecies
were added while tha data for 13 more were revised. This work was especially
important because the old data lacked documentation. Eight acetate and eight
phthalate species were added; these data were Intended for use in modeling
experiments using acetate and phthalate pH buffers. These data have been
incorporated into the new random-access MCRT data file. The new updated
version of DATAO will be with the 3245 version of EQ3/6 which is expected to be
ready for release in early FY 85.

A second project involved constructing thermodynamic data bases for thorium,
tin, seleniun, chromium, cobalt, and nickel to support future work on the
modeling of canister-corrosion experiments. MCRT data files were generated at
the University of Colorado, transmitted via remote link to the LLNL MFE
Computer Newtork, and checked for internal consistency before being added to
the master data file. Thus far, thermodynamic data for 129 aqueous species and
136 solid species have been incorporated into the random-access MCRT data file.
About half of the total MCRT data including the Colorado work remain in
element-by-element files.
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4.2 MINERALOGY AND PETROLOGY (WBS 2.3.2)

Three major issues were addressed by mineralogy and petrology studies:

(1) The effects of iron and manganese valence states in minerals and
glasses on the interpretation of the interaction between the rocks at
Yucca Mountain and groundwater in oxidation-reduction reactions that
modify the solubility of some radionuclides.

(2) The study of zeolite dehydration to answer questions about the
structural and chemical controls of processes important for testing
the hypothesis that a major sorptive phase (zeolite) at Yucca
Mountain will remain stable in the unsaturated zone during low
temperature increases over a long time span.

(3) The three-dimensional picture of mineral distributions within rocks
in the transport pathways away from the proposed Yucca Mountain
repository yielded by current x-ray diffraction data.

The iron-manganese study concluded that the oxide minerals have little or no
potential for removing oxygen from groundwater. The opaque oxides containing
ferrous iron account for at most 0.33 volume percent of the tuff samples and
occur as phenocrysts isolated within the tuff matrix away from fractures along
which all of the iron oxides contain only ferric iron. The ferrous iron in
iron-oxide phenocrysts has been isolated from past transport and therefore is
unlikely to have any active role in groundwater interactions during future
transport. The manganese oxides within the tuff, primarily along fractures,
consist of minerals (todo~4+kite, cryptomel ie, and possibly lithiophorite) that
contain predominantly Mn rather than Mn and have almost no capacity for
removing oxygen from groundwater.

Two aspects of Eh variation that remain uncertain were identified for future
consideration. First, studies from the field of soil chemistry indicate that
some manganese oxides act as oxidizing agents. This is likely to have a very
minor effect at Yucca Mountain if it occurs at all, but it is a potential
process that can be quantified. Second, the glasses in the lower Topopah
Spring Member and in the underlying tuff of Calico Hills provide the only
significant bulk-rock retention of ferrous iron near the proposed repository.
The reaction is still unknown of this ferrous iron with slow groundwater
transport at slightly elevated temperatures in the unsaturated zone. This
process is worth investigating both for its reduction potential and for the
information it might yield in putting limitations on groundwater transport
through this zone during the geologic past.

Studies of zeolite dehydration reactions have progressed from experiments in a
vacuum to establish limits of contraction to experiments under controlled
humidity. Zeolite composition has a strong effect on dehydration reactions.
Natural and cation-exchanged clinoptilolites and mordenite were studied. Under
vacuum, the sodium-saturated clinoptilolite contracted the most (8.4 percent
volume), calcium-saturated compositions contracted less (3 percent), and
potassium-saturated clinoptilolite contracted the least (1.6 percent).
Mixed-cation compositions have proportionally-variable contraction. Data from
all experiments to date show that the volumes of natural, mixed sodium-

25



potassium-calcium clinoptilolites would reduce significantly in a repository
environment, particularly where the clinoptilolites are in unsaturated,
dehydrated rock. However, clinoptilolites in partially-saturated rocks at
temperatures below 1000C should not significantly decrease in volume.

X-ray diffraction data that deal with quantitative bulk rock analyses from 11
drillholes in and near the proposed exploration block at Yucca Mountain
indicate that rock types in the region fall into three principal mineralogic
categories: primary rocks that consist mostly of quartz and alkali feldspar,
primary rocks that consist mostly of glass, and altered rocks that may contain
relatively sorptive minerals (zeolite and clay), or nonsorptive minerals
(analcime, albite, and calcite)

Among the silica polymorphs, a transition with depth from tridymite to quartz
has been noted about midway in the densely-welded portion of the Topopah Spring
Member. New data indicate that this phenomenon is pervasive throughout the
exploration block. Based on repository geometry, the silica/water reactions
that should be considered for repository performance must include quartz and
cristobalite and may have to consider tridymite.

Throughout the exploratory block, the potential repository horizon is enveloped
by large volumes of nonwelded or poorly-welded glass tuff. The lower Topopah
Spring vitrophyre is an important part of the lower half of this glass
envelope, but the overall volume of underlying vitrophyre is significantly
smaller than the volume of underlying nonwelded glassy tuff. As noted earlier,
this glass material contains the only appreciable bulk-rock concentration of
ferrous iron near the proposed repository. These ferrous-iron-bearing rocks
may be important in determining transport scenarios.

Swelling, highly sorptive clays (smectites) occur in small amounts throughout
Yucca Mountain but are significantly concentrated in two modes. The first mode
is near major vertical structures, either the Claim Canyon cauldron rim (as in
drillhole USW G-2) or the structure of Drill Hole Wash (as in drillholes
USW G-1, UE-25a#1, and UE-25b#1). The second mode is above and below the
proposed repository horizon, the upper part of which is the base of the Tiva
Canyon Member, with 7 to 35 percent smectite; the lower part is immediately
above the basal vitrophyre of the Topopah Spring Member, where smectites
comprise 5 to 45 percent of the rock. The lower occurrence is particularly
important for retardation but may be significantly affected by dehydration from
the repository's thermal pulse. Therefore, smectite thermal stability is being
studied.

Both analcime and albite are below the range of many driliholes and are
incompletely characterized. Elevations of first analcime occurrence range from
less than 250 m to more than 600 m above sea level. Authigenic albite occurs
only below 500 m above sea level and may even be at much greater depths
throughout most of the exploration block.

The x-ray diffraction data have several major applications for the NNWSI
Project. First, the distributions of sorptive alteration phases (zeolites and
smectites) are important for constructing retardation scenarios. Second, the
occurrences of alteration products, devitrification minerals, and glasses all
provide data that place limits on past alteration history and on the ancient
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transport processes associated with that alteration. In addition, the data are
useful in calculating such bulk-rock properties as thermal-expansion
coefficients and bulk moduli.

4.3 GEOLOGY (WBS 2.3.3)

4.3.1 REGIONAL GEOLOGY (WBS 2.3.3.1.G)

A narrative description was completed of the Beatty fault trenches that were
excavated to determine the presence and amount of Quaternary fault movement.
Wall maps were completed of the trenches on the Rock Valley fault and ash
samples were prepared for correlation and age control from cores in Dry Lake
Valley. Preparations were made to photograph the fault walls for a permanent
record. Field work and data compilation were completed on the geology of the
northwest quarter of the Bullfrog Quadrangle. Aerial photography studies were
begun of the Bare Mountain Range front fault and dust traps were deployed for a
study on the origin of carbonates on the Quaternary deposits.

4.3.2 SITE GEOLOGY (WBS 2.3.3.2.G)

An investigation was begun of the stratigraphic and structural characteristics
of drillholes USW UZ-6 and UE-25 UZ-4 to support hydrologic studies and add to
the subsurface geologic data base.

Geologic features in the vicinity of drillhole USW G-4 were mapped at a scale
of 1:5000; mapping of fracture networks on three pavements in the vicinity of
USW G-4 was refined to a scale of 1:100; fractures in core from USW G-4 were
logged.

4.3.3 REGIONAL GEOPHYSICS (WBS 2.3.3.3.G)

Modeling of seismic refraction data along Crater Flat shows six velocity layers
ranging from 1.5 to 5.9 km/sec. The basal layer is inferred to be the
pre-volcanic surface and it ranges from 2.2 km below sea level (3.2 km below
surface) in the center of Crater Flat to sea level (1.3 km below surface)
beneath northwestern Yucca Mountain.

An aeromagnetic map was completed of the Nevada portion of the Kingman sheet
south of the NTS. Work continued on the aeromagnetic map of the Goldfield
sheet (northwest part of the NTS).

The major finding of the study of Fortymile Wash is that there are no
significant lateral east-west changes in either the density or magnetic
susceptibility of shallow sediments and volcanic rocks that underlie Fortymile
Wash. This work rules out any major dip-slip offsets since these beds were
deposited. Strike-slip faulting is still permitted by these constraints and
there could be deeper structures associated with Fortymile Wash that are yet
undetected by present data.

Interpretation continued on the total-intensity aeromagnetic map of the
Las Vegas 1:250,000-scale quadrangle. About 150 specimens collected during
field reconnaissance in June and July were analyzed for magnetic suspectibility
and remanent magnetization. A gravity profile along a traverse of the southern
Spring Mountains that was carried out during the same period is being analyzed
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as an adjunct to the interpretation of one of the largest aeromagnetic
anomalies on the sheet. The source of this anomaly is completely concealed; it
may be either a core complex of Precambrian age or a Tertiary intrusive body.
The Spring Mountains are just south of Yucca Mountain.

4.3.4 SITE GEOPHYSICS (WBS 2.3.3.4.G)

The results of seismic refraction work on the proposed surface facilities at
Yucca Mountain indicate that the refraction method is not suitable for
determining the depth below surface to the top of the Tiva Canyon Formation
because of the large lateral changes in the velocity of the formation.
However, refraction is successful in determining these properties and these new
data help explain the difficulties in the reflection method encountered in
FY 83.

It was observed that spectral gamma-ray data from drillhole UE-25c#1,
particularly the potassium levels, correlate inversely with porosity and
correlate directly with density and velocity (the so-called porosity logs)
through some intervals, and do not correlate with these log data through other
intervals. It is thought that the correlation indicates alteration processes
which mobilize and deplete or concentrate potassium and/or uranium and thorium
ions while altering the bulk-rock properties by such processes as leaching,
authegenic alteration to hydrated minerals, and deposition of secondary
minerals in pore space and in fractures. It is hoped that core data from
drillholes USW G-3, USW GU-3, and USW G-4 will lead to methods of interpreting
correlations between spectral gamma-ray data and porosity logs which will
identify altered rock and quantify some alteration products in uncored
drillholes.

Hydraulic conductivity measurements on the Yucca Mountain USW G-2 and USW G-4
borehole samples are in progress. The samples have been cored to determine the
degree of water permeability in the vertical and horizontal directions of the
various lithologic units intersected by the boreholes.

Rock property analysis was completed on core samples from the UE-25a#4, #5, #6,
and #7 boreholes which are located in Fortymile Wash on the east edge of the
Yucca Mountain complex. Maximum depth penetration was 500 ft, which limited
the section sampled to the Tiva Canyon, Yucca Mountain, Pah Canyon, and Topopah
Spring members of the Paintbrush Tuff. Based on rock property data, the three
upper members are primarily ash-flows and poorly-welded tuffs characterized by
low resistivity, low acoustic velocity, and high porosity. The Topopah Spring
Member is a moderate to densely-welded tuff having a high resistivity, high
acoutic velocity, and a relatively low porosity. These properties are
traceable, demonstrating continuity in the textural qualities of the lithologic
units between boreholes. Hydraulic conductivity values of the measured samples
generally fall in the 10 to 1000 microdarcy range and show no correlation with
porosity.

Samples from the UE-25p#1 borehole from the Lone Mountain dolomite section have
moderate resi-stivities (300 to 900 ohm-m), high sonic velocities, and very low
porosities. Hydraulic conductivities were measured in the vertical and
horizontal directions. Subtle differences exist within cores taken from
individual samples but no preferential flow direction is indicated by the data.
Hydraulic conductivity values are typically in the 10 to 1000 microdarcy range.
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Remanent magnetization directions from the Tiva Canyon Member of the Paintbrush
Tuff were used to orient 83 segments of core from drillhole USW GU-3.
Paleomagnetic information bearing on stratigraphy and structure at Yucca
Mountain documents large lateral and vertical variations in magnetic properties
within a number of ash-flow sheets and identifies four widespread units (Tiva
Canyon and Topopah Springs members of the Paintbrush Tuff and Bullfrog and Tram
members of the Crater Flat Tuff) as potential sources of aeromagnetic
anomalies. Preliminary paleomagnetic results from nine localities across a
structurally complex zone north of Abandoned Wash indicate that the remanent
directions of the Tiva Canyon Member have been rotated much less than is
suggested by differences in foliation attitudes among the different localities.
This strongly suggests that the deformation took place very soon after
emplacement of the ash-flow sheet while the rock was still hot.

Stress measurements in drillholes USW G-1 and USW G-2 at Yucca Mountain
indicate that values of the least horizontal stress are considerably lower than
the vertical principal stress. Evidence for a low value of the least
horizontal stress was also confirmed by the presence of drilling-induced
hydrofractures in the first 300 m below the water table. A least horizontal
principal stress direction of N600W - N650W is indicated by the orientation of
the drilling-induced hydrofractures.

4.4 HYDROLOGY (WBS 2.3.5)

4.4.1 REGIONAL HYDROCHEMISTRY (WBS 2.3.5.1.G)

Precipitation collection and analysis of the isotopes of oxygen-15 and
deuterium continued in southern Nevada to determine the geographic origin of
storms. Two temperature stations will be installed in November to measure air
temperatures during storms, one on top of Yucca Mountain and one near Kyle
Canyon. Flood water along Fortymile Wash was collected for deuterium,
oxygen-18, and carbon-14 analysis for storm origin determination.

4.4.2 GROUNDWATER FLOW (WBS 2.3.5.2.G)

Transport processes - An attempt to collect pressure interference data within
the most productiye zone within both test wells UE-25c#1 and UE-25c#2 during
pumping of UE-25c03 was not successful because of design problems with the
pressure-sensing and packer system. The system was modified to reduce the
number of electrical connections within the system. The tests will be repeated
with the new system during the upcoming quarter.

Work has begun on the development of parameter-estimation techniques for the
analysis of tracer tests, concentrating on single-well tests and the effects of
correlation among parameters on estimates of parameters. This modeling tool
will be used in the design of upcoming tracer tests so that the maximum amount
of information can be obtained from them. A separate effort was begun on the
development of a technique for analyzing a convergent tracer test in a
three-dimensional, anisotropic medium.

Regional hydrology - Monthly data collection continued at Franklin Lake Playa.
On July 16-17, water levels were measured in all piezometers; neutron logs were
run in all neutron holes; on August 29-September 8 evapotranspiration rates
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were measured using eddy-correlation equipment. Water levels, neutron-logging,
and tensiometry were performed during this period. One additional data
collection period is planned to collect water samples at three piezometer nests
and two separate wells that were missed during the initial water sampling trip
in November 1983. These samples will be used to examine possible changes in
water chemistry relative to depth in the saturated zone.

4.4.3 UNSATURATED ZONE HYDROLOGY (WBS 2.3.5.4.G)

Neutron borehole drilling was initiated on June 11 using the ODEX drilling
technique. Twenty-six holes were completed by the end of September. Drive
cores were selectively obtained at five-foot intervals from approximately ten
boreholes. Water content and water potential measurements were made in the
field laboratory for these cores. In addition, drill-cutting samples were
collected from all neutron holes and analyzed in the laboratory for water
content and water potential.

These boreholes have been logged periodically before and after major rainfall
events using a neutron-moisture meter.

Drilling of USW UZ-4 was started on September 4 and a total depth of 377 ft was
reached by mid-October. The alluvium was continuously cored from 0 to 12 ft
and 2-foot drive cores were taken at 5-foot intervals thereafter to the bottom
of the alluvium at 40 ft. The welded Tiva Canyon from 40 to 75 ft was drilled
with the ODEX system. From 100 to 367 ft (total depth), the hole was
continuously cored through the Pah Canyon and the upper part of the non-welded
unit of the Topopah Spring.

Water content, water potential, and matrix potential measurements were made on
all core samples. Water content and water potential measurements were made on
drill cuttings at two-foot intervals.

The drilling of the second unsaturated zone test hole (USW UZ-6) by means of
the reverse vacuum drilling method was started on June 18 and a maximum depth
of 1,887 ft was reached on September 26. The hole subsequently caved back to a
depth of 1,861 ft.

Hydrogeological data for the geological zones of Yucca Mountain were developed
into a conceptual model consisting of six distinct zones (referred to as
textures in the computer model). Each zone (texture) has its own rock property
data (e.g., porosity and horizontal hydraulic conductivity) and fluid
saturation data (e.g., initial saturation and Brooks-Corey constants relating
moisture content to pressure head). The six zones from surface to the water
table consist of the Tiva Canyon, Pah Canyon, Topopah Spring, vitrified Calico
Hills, zeolitized Calico Hills, and the fault zone. The horizontal and
vertical dimensions of each zone were determined from geological maps.
Horizontal permeability, porosity, initial moisture content, and pressure head
data were derived from selected field data. The model computed a vertical
permeability using a horizontal permeability value and an anisotropy factor.
Initially the computer code was set up such that only a single anisotropy
factor could be used for the different zones. This was not realistic;
therefore the code was modified such that the individual textures could be
assigned their own specific anisotropy factors.
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Several runs were made using the hydrogeologic data representing the six
different textures. Initially, short time periods (10 days) were simulated
using either a positive (rain) or negative (evaporation) flux to test the
model. Later the simulation period was extended to cover up to 365 days and a
couple of wet and dry cycles. Attempts were made to simulate longer periods
(two, three, and five years). The input data, especially the moisture content
and pressure head values, were inconsistent with values obtained from the
field; therefore, these runs were halted. An input data package for the model
that simulates a very simple multi-layer geological system was generated to
determine the model sensitivities to all of the key input variables. The mass
balance system in the model was checked by varying the flux period and flux
intensity in a pre-determined fashion.

It took four to five weeks to obtain new and more consistent data for moisture
content and pressure head. More realistic precipitation (rain and snow) and
evaporation data have also been obtained for the Yucca Mountain area. The
input data to the model have been modified to represent the new information.
One year to ten years of input data were prepared using the new flux data.

4.4.4 FUTURE HYDROLOGIC CONDITIONS (WBS 2.3.5.5.G)

Paleoclimatic and hydrologic conditions are being studied as indicators of the
probable range of conditions that can be expected. Lakebed sediments reveal
much information on climatic conditions at the time of their deposition and are
a major component of this investigation.

Walker Lake, Nevada, was cored in June and July; total depth was 500 ft below
the sediment-water interface. Cores were sampled at approximately one-meter
intervals and were sent to various researchers for analysis. Numerous tephra
layers were found and are being analyzed. Shallow seismic study of Walker Lake
sediments will be conducted in the near future. Paleomagnetics of 45 ft
Livingstone cores from Walker Lake will be measured in early November. One
hundred samples from these cores will be taken and analyzed in order to study
the last glacial-interglacial, pluvial-interpluvial transition. Pal eomagneti c
analysis of Kawich and Desert Dry Lake cores is nearly complete. Desert Dry
Lake samples appear to be nearly barren in diatoms and ostracods.

The unusual persistent rainfall and runoff at the NTS during most of this
quarter required that nearly all efforts be directed to the collection and
compilation of precipitation and streamflow data. Substantial data were
acquired that should advance the knowledge of flooding and debris hazards at
NTS. Runoff occurred in most drainages of the Yucca Mountain-Fortymile Wash
area, including Coyote Wash, where the proposed nuclear waste storage shaft
will be sited. In addition to water-dominated flood flows which occurred
repeatedly throughout the area, several debis flows also were noted.

Substantial runoff data also were collected at numerous sites north toward
Beatty, west toward Death Valley, south toward Las Vegas, and east toward
Caliente that should improve general understanding of flood potential at and
near the NTS.
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4.5. SITE STABILITY (WBS 2.3.6)

4.5.1 TECTONICS AND VOLCANISM (WBS 2.3.6.1)

Volcanism studies are being conducted for the NNWSI Project to evaluate the
relative hazards of future volcanism to storage of high-level radioactive
waste. Basalt episodes of the NTS region include three petrologic groups that
probably were derived from separate parental magmas. These groups include
straddle-type hawaiite, hypersthene hawaiite, and basaltic andesite.

The silicic episode and younger-rift basalts include basalt of all three
petrologic groups. These episodes were enriched in incompatible trace elements
(with the exception of rubidium) and have high strontium-87:strontium-86 and
low neodymium-143:neodymium-144 isotopic ratios. The older-rift basalts
include only straddle-type alkalic basalt and hawaiite. These basalts have
trace elements that are typical of continental alkali basalt. The isotopic
compositions of strontium and neodymium plot in the mantle array. These data
suggest that basalts of the NTS region were derived from two distinct mantle
sources; however, there are no distinct time patterns in the derivation of
basalts from these sources.

In contrast, basalts of the Lunar Crater basalt field, a large-volume basalt
field located at the north end of the Death Valley/Pancake Range volcanic zone,
were derived from a mantle source that is isotopically similar to the source of
the older-rift basalts. The basalt of Lunar Crater shows an increasing degree
of undersaturation with respect to silica and increasing volume through time.
The youngest basalts of this field are the most strongly undersaturated and may
show the highest eruption rates.

Basalt of the Saline Range, a large-volume basalt field located west of Death
Valley, was studied in the field and representative samples were obtained.
These basalts, which range in age from 2- to 4-million years were derived from
northeast-aligned scoria vents, a structural pattern that is consistent
throughout the southern Great Basin. The volcanic rocks of this field are
straddle-type hawaiites and basaltic andesites.

4.5.2 ROCK GEOCHRONOLOGY (WBS 2.3.6.2.G)

Dating and stable-isotope analyses of calcite and opal deposits in fractures
and cavities have been completed in drill core samples from UE-25a01, USW G-2,
USW G-3, and USW GU-3. Decreases in oxygen-18 and increases in carbon-13
contents of calcite with depth in drillholes are interpreted as being due to
increases in the temperatures of meteoric waters descending through fracture
zones. As fluid moved laterally and downward, it became saturated with respect
to calcite or silica and precipitation occurred. Dissolved uranium was
co-precipitated with both calcite and opal. It is presumed that fluid movement
followed by precipitation of calcite and opal were episodic occurrences that
were initiated by tectonic deformation processes.

Uranium-series dating of secondary calcite and opal deposits in fault-related
fractures in three drill cores suggests that at least four episodes of young
faulting occurred in the Yucca Mountain area. Generalizing on a limited data
base, these secondary deposits yield minimum average uranium-series dates for
recurrent faulting events at about 28 thousand, 170 thousand, 280 thousand, and
over 400 thousand years before present.
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Fault-associated secondary carbonate and opal samples from the NTS area
together with travertine samples from the Amargosa Desert were dated by the
uranium-series disequilibrium method. Analyses of secondary carbonate samples
from Yucca Mountain and from Crater and Yucca Flats yielded minimum ages of
27,000 to 219,000 years for the last significant displacements of associated
faults. Dating results of an opaline carbonate rock sample from a fault on the
east side of Yucca Mountain (Trench 14) indicate that the age of the deposit is
greater than 360,000 years. Two dates of travertine vein samples show that
spring discharge was occurring before about 360,000 years ago in the Kinney
area of the Amargosa Desert. Ages obtained for travertine laminae from the
Furnace Creek Wash area suggest that significant movement along this low-angle
fault occurred more than 132,000 years ago.

4.5.3 NATURAL SEISMICITY (WBS 2.3.6.3.G)

Operation of the seismograph network and analysis of the data continued. Eight
horizontal component seismometers were added to selected stations throughout
the network, including a station at Yucca Mountain. This change will permit
more effective use of S-wave phases in determining earthquake hypocenters.
Through June 1984, at least five earthquakes had occured at Yucca Moutain and
three others are close enough to the east side of Yucca Mountain to be
associated with structures bounding Yucca Mountain. The magnitudes of these
events are less than about ML=2.2 and the depths range from about sea level to
8 km below sea level.

Research concerning attenuation of ground motion is near completion. This work
approached the problem from three directions. First, the earthquake coda
shapes for both band-filtered and unfiltered data were examined. Second,
regression analysis was used to examine the decay of unfiltered and
band-filtered peak amplitudes. The regression model incorporated a geometric
spreading term, a material-attenuation term (Q), a source term, and a station-
correction term. The studies of the unfiltered peak amplitude data used over
7,000 digitally-recorded peak amplitude and period readings. Finally,
stochastic modeling of peak amplitudes for various Q-models was used to show
that the regression model would extract the correct Q. The results of this
study show that the data are fit best by a geometric spreading term with a
distance exponent in the range of -0.8 to -0.9 and a frequency-independent Q.
The Q-values measured in this manner are considerably higher than Q-values for
California, having values in the 600 to 900 range for ground motions having
energy from 3 to 10 Hz. This result implies that ground motions in this
region will propagate more efficiently compared to those in California.

These results also have implications concerning the computation of Richter
magnitudes for earthquakes in this region. Examination of Pasadena and
Berkeley Richter magnitudes for the same southern Great Basin earthquake
indicated that a persistent bias existed in these magnitudes that was a
function of the distance to Pasadena and Berkeley. The interpretation of this
result is that the Richter attenuation function used to compute magnitude at
these observatories is incorrect for earthquakes in the southern Great Basin.
Application of the newly-derived attenuation function removes the distance
bias. Use of this function had the additional effect of reducing magnitudes in
this region and the two California observatories by as much as 0.7 magnitude
units in some cases. The net effect of these findings, i.e., more efficient
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wave propagation but lower magnitudes, may be a reduction in the estimated
seismic hazard and strain release in the region. Futhermore, research may
reveal a closer correspondence between the geologically-estimated strain rates
and the seimsic strain rates after these results are taken into account. At
present the computed seismic strain rates are too high compared with those
determined geologically.

4.5.4 WEAPONS TEST SEISMICITY (WBS 2.3.6.4.S)

During July, stations were installed at the surface and at a depth of 367.9 m
in exploratory borehole USW G-2. Sixty ground-motion measurements were made on
one underground test; of these, twelve were downhole measurements. The
measurements included the first to be made at USW G-2 and at RF-1.

By the end of July the editing of the list of seismic events was nearly
complete. Editing identified 95 nuclear explosions, including some of the
atmospheric tests conducted during the 1950s. Thirty-eight of the events had
times identical to those listed by the weapons-test organization as collapses
of nuclear cavities. Of these, ten had epicenter locations more than 18 km
from the site of the cavity collapse. This may be because seismic signals from
cavity collapses are emergent which makes determination of arrival time more
difficult and triangulation less accurate. This discrepancy may also be due to
the on-site geophone net seeing an actual earthquake and attributing it to
cavity collapse; this latter possibility is being explored with the weapons-
test organization. The 95 nuclear-test events provided an opportunity to
determine the accuracy of triangulation. The distances between the shot point
and the epicenter varied from 0.15 to 10.8 km, with the majority peaking at a
distance of around 3.5 to 4 km.
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5.0 REPOSITORY (WBS 2.4)

The purpose of repository investigations is to develop the functional criteria,
standards, analytical methods, and interface requirements to design the
repository surface facilities, shafts, subsurface excavations and underground
service systems; and to assemble thermal, mechanical, hydrologic, and other
data to validate the design.

5.1 CONCEPTUAL DESIGN

5.1.1 SURFACE FACILITIES (WBS 2.4.1.2.S)

An engineering study was completed that assessed the feasibility of completing
the first stage of a two-stage repository to accept spent-fuel by January
31, 1998, as mandated by NWPA. The conclusion reached in the report is that
the first stage, including a waste-handling facility to accommodate the receipt
of 400 MTU/yr of spent-fuel, can be completed before January 31, 1998. This
conclusion is based on DOE-specified guidelines, which direct that delays due
to institutional, regulatory, or labor considerations are not to be addressed.

5.1.2 UNDERGROUND FACILITY (WBS 2.4.1.3.S)

Work is continuing on the conceptual design of the system for disposing of
canistered-waste in horizontal boreholes. Operational procedures are being
developed for vertical emplacement of canistered-waste; these procedures will
be used to estimate operator radiation-dose rates for shielding-design
purposes.

5.2 DESIGN ANALYSIS (WBS 2.4.1.4.S)

The Environmental Assessment (EA) map of the subsurface area available for
underground-facility development was revised on the basis of USGS
recommendations. The new map delineates areas similar to those delineated by
the old map but is consistent with USGS geologic mapping of Yucca Mountain.

Model implementation (e.g., convergence testing, time-step evaluations,
comparison to elastic solutions) has been completed for analyses of drift
stability using the Ubiquitous Joint material model and the ADINA code.
Calculations of the thermomechanical effects around the drifts as a function of
standoff have been completed. These calculations will be used in conjunction
with ventilation studies by Parsons, Brinckerhoff, Quade, and Douglass, Inc. to
select the appropriate standoff between the waste and the drift.

Work continued at RE/SPEC on the development of the far-field finite-element
model for thermomechanical analyses, specifically for verifying the allowable
areal heat load. The temperature-analysis portion of the model has been
checked, and initial gavity-loading calculations have been done to simulate a
lower-bound estimate of horizontal in situ stresses. Indications are that
gravity loading will result in much lower estimations of minimum horizontal in
situ stress than that used in the unit-evaluation study. These lower stresses
will result in predictions of greater joint motion than in previous analyses.
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5.3 ROCK MASS ANALYSIS (WBS 2.4.2.1.S)

The results from recent linear elastic finite-element calculations pertaining
to the overburden-induced component of in situ stress at Rainier Mesa agree
rather well with horizontal in situ stress measurements in the area. The work
established some credibility in using this calculational technique in
combination with field measurements to predict the spatial variation of the
gravity-loading-induced component of in situ stress.

A comparison has begun of closed-form stress solutions with finite-element
analyses for mined-opening problems. The closed-form solutions will be
modified to include thermal effects; this effort will assist in verification of
the finite-element material models being used.

RE/SPEC and SNL personnel continued to evaluate the compliant-joint material
model. Parallel efforts by SNL and RE/SPEC have proven to be very beneficial
in uncovering coding errors and deficiencies. SNL and RE/SPEC each succeeded
in solving an identical problem in which an elastic medium with a single
inclined crack was strained. The stresses calculated with the respective
computer codes agree with each other and with a closed form analytic solution.
This verification exercise will be documented in a forthcoming memo by the two
groups.

5.4 FIELD TESTING (WBS 2.4.2.2.S)

Small-Diameter Heater Experiments

The third of three planned small-diameter heater experiments was completed in
G-Tunnel. The heater was oriented horizontally in welded tuff. The heater
diameter was 0.1 m and the heated length was 1.2 m; the heated section was
located at the bottom of a hole that is 0.13 m in diameter and 3.0 m deep.
Instrumentation for the experiment consisted of thermocouples, a multiple-point
borehole extensometer, neutron probe, and environmental-monitoring sensors,
i.e., relative humidity and atmospheric pressure. Five thermocouples were
located -inside the heater and 18 were on the heater surface. Five
thermocouples were located above and five thermocouples were located below the
heater on the emplacement-hole wall. Eighteen thermocouples were located in
three boreholes located at a radius of 0.25 m from the heater centerline. Ten
other thermocouples were used to monitor temperature changes in the multiple
point borehole .extensometer (MPBX) and neutron-probe holes. On July 31, 1984
the heater power level was set at 400 W. This was increased to 800 W, 1000 W,
and 1200 W after succeeding eight-day periods. The heat was turned off on
September 4, 1984 after 35 days of continuous heating.

On September 4, 1984, the maximum tuff ter Ierature had reached 3070C and the
maximum heater-surface temperature was 411 C. Maximum temperatures had been
predicted as a function of time by RE/SPEC using numerical-modeling techniques.
Temperatures were computed at the heater surface, at the emplacement-hole
surface, and in the rock mass at a radius of 0.25 m. For reference purposes,
temperatures at the lower end of the heated length are at the far end of the
hole. The data show that heater-surface temperatures nearest the collar are
measurably lower. The internal heater temperatures reflect relative stability
within the heater. Internal heater-temperature histories will be useful as a
reference in evaluating rock-mass temperature phenomena.
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Two trends were evident. (1) The maximum temperatures above the heater were
nominally 200 to 250C warmer than predicted. The temperatures at the lower end
compared more favorably with predicted temperatures. Also, the lower-end
temperatures were warmer than the upper by nearly the same magnitude. This
temperature difference is attributed to thermal convection around the heater.
Possible lack of concentricity of the heater in the emplacement hole could also
have influenced results. (2) There were noticeable drops in some temperatures
measured by the lower thermocouple near the heater midplane after the last
three power increases. These drops are attributed to water migration into the
emplacement hole. This statement is supported by the behavior of the
thermocouple on the bottom near the upper end of the heated length. This
thermocouple remained at boiling (940C) until the 29th day of testing; it was
located near two hydraulically-conducting fractures. It is hypothesized that
water ran down the hole to this region and then exited through the fractures.
The fractures had measured permeabilities ranging from 1 to 4.5 cm/sec.

Measured and predicted temperatures in the rock mass compare more favorably.
The temperatures at the upper end of the heater were warmer; this is attributed
to the borehole convection mentioned earlier. Three out of four thermocouples
located away from the heater had definite periods when temperatures were
stabilized at 940C. These data are suggestive of complex heat transfer coupled
with water migration. This statement is supported by the lack of uniformity in
the data below the heater, while temperatures above the heater had only minor
variations.

Other evaluations are underway, but preliminary conclusions are: (1) emplace-
ment-hole thermal phenomena appear to be influenced by water migration into the
hole with subsequent phase change effects; and (2) rock-mass thermal responses
away from the emplacement-hole surface appear to be regulated by heat-transfer
mechanisms that can be predicted.

Heated-Block Experiments

Testing and analysis of results were the primary activities associated with the
G-Tunnel heated-block experiment. Uniaxial compression tests were performed on
the block to measure the block shear strength. Thermomechanical and
hydrological evaluations were made of the thermal-cycle testing.

The original plan was to subject the block to uniaxial compression testing in
the north-south and east-west directions, but these plans were altered. On
July 9, as a minor pressure adjustment was being made following a two-week
tunnel shutdown, a pressure loss occurred. Subsequent pressure checks
indicated that two flatjacks located on opposite sides of the block had
developed small leaks. The leaks were probably due either to undetected voids
in the surrounding tuff or failure of pressure-tubing connections that are
influenced by themomechanical expansion around the tubing. The leak problems
will be evaluated after test completion. Due to the leak, however, uniaxial
compression testing could only be performed in the north-south direction. As a
result of the leaks, there will be less shear-strength testing; however, it
appears that unidirectional testing produces reasonable results.
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Three tests were run on the block; the block was loaded to 5.6 MPa on August 6,
to 8.5 MPa on August 22, and to 12.2 MPa on September 12, 1984. The uniaxial
loads were applied slowly in the north-south direction and then released.

Measurements were made with two MPBXs, six horizontal surface extensometers,
two U.S. Bureau of Mines borehole-deformation gauges, and six horizontal
surface-displacement rosettes (SDRs); the latter were specially designed,
fabricated, and installed for this testing.

Borehole-deformation-gauge data indicated that there was measurable lateral
restraint in the east-west direction for the loadings. This lateral restraint
may have been due to contact of the sides of the block with the surrounding
rock mass. This is a Poisson's effect for a fractured medium. Simultaneous
extensions in the unloaded vertical direction were measured. For analysis, the
ratio of the east-west stress to the applied north-south stress is called the
lateral-restraint ratio (K).

Table 2 summarizes the average value for the lateral-restraint ratios and
corresponding estimates for the coefficients of friction. The friction values
were calculated assuming a biaxial state of stress, the Mohr-Coulomb failure
criterion for a cohesionless medium, and fractures oriented -at 450 to the
direction of loading.

TABLE 2

LATERAL RESTRAINT RATIOS

Max Average Lateral- Average Coefficient
Stress Restraint Ratio of Friction

Loading (MPa) [K = cTEW/crNS] [f - (1-K)/1+K)]

1 5.6 0.6 0.089

2 8.5 0.17 0.71

3 12.2 0.21 0.65

The coefficient of friction for the first loading suggests that full sliding
had not mobilized, while the latter two values are in accordance with shear
resistance measurements for joints in other rocks.

The six SDRs were attached to the block to monitor shear deformations. Three
strain readings from each rosette allowed two-dimensional strain calculations
to be made and principal strains to be determined. Anchors were located on
both sides of identifiable fractures. Four rosettes were located well within
the block and two were near edges. Distances between anchors ranged from
140 mm to 518 mm; thus, strains represented deformations over a relatively
large area.

Data are still being analyzed, but two observations can be made. First, the
block behaved in a near elastic manner for the first test and was inelastic
thereafter. Vertical deformations measured with two MPBXs, showed the same
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pattern. Second, the maximum strains in reased with each test. Miximum
strains within the block averaged 1.1 x 10- , 3.2 X 10-3, and 5.0 x 10- , and
orientations for principal strains generally aligned with the dominant fracture
patterns.

There are two orthogonal joint sets in the heated block that run diagonally to
the block. The SDRs were referenced to the north-south loading direction for
strain-transformation analyses; a zero-degree angle is reference North. The
reference angle to the maximum principal strain (El) was generally positive
(counterclockwise is positive) and the angle ranged from 0 to 450, with the
predominant angle greater than 150. This means shear along fractures trending
from the NW to the SE quadrant dominated the behavior.

The maximum principal strains (E1) were compressive and showed generally
similar trends. The fact that E1 peaked before the end of Test 1 may have been
due to the influences of permeability testing. This rosette was near the
permeability-testing location and small-step displacements at stresses of
4.2 MPa and 5.2 MPa are known to have been influenced by the testing.
Permeability testing was conducted only during the first test. The fact that
E in Test 2 did not increase as much as it did in Test 3 is attributed to the
ptobability that other areas in the block were accommodating more of the
strain. Minimum principal strain measurements (E,) indicated that there was
more of a difference in general strain patterns between tests 1 and 2 than
between tests 2 and 3. All tests showed that minimum principal strains were
negative initially and became positive in the latter two tests.

Table 3 summarizes the thermomechanical test results for the three test cycles.
Data are given for measurements obtained with HSXs and MPBXs for conditions of
equal biaxial stresses. Higher stress values were used for the earlier thermal
cycles to minimize disturbances to joint aperatures. Table 3 shows that values
for thermal cycles 2 and 3 were reasonably uniform and are valid field data.
Data for the first thermal cycle were influenced by the propagation of a
horizontal fracture during that heating period and the thermomechanical
phenomena were masked by propagation effects.

The fracture-permeability data show that the fracture was relatively
insensitive to stress changes and moderately sensitive to temperature changes
at stress magnitudes above the initialization stress. Below this, the patterns
were different. The data point at zero. stress (T = 950C) was obtained during
the thermal cycle. The companion data point (T = 230C) at zero stress was
obtained in measurements conducted some three months later. Companion tests at
that later time confirmed the apparent fracture closure. The data suggest that
the fracture returned to near its original in situ status during the third
thermal cycle. This is an important find as the data show that fractures close
under thermomechanical loadings. These results are important to postclosure
modeling efforts.
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TABLE 3

SUMMARY OF THERMAL EXPANSION COEFFICIENTS

Normal
Thermal Stress Extensometer Average
Cycle (MPa) Type (x10-6)OC

1 10.6 HSX 2.7*
MPBX 20.5

2 8.1 HSX 4.1
MPBX 8.8

3 5.6 HSX 5.3
MPBX 6.2

*Values influenced by block-fracture propagation
Note: Laboratory valgeg for the heated-block range

from 7.3 x 10- / C to 14.1 x 10-'/C

Average saturation changes at a 1.0-m depth were measured with the neutron
probe. The first cycle showed little change because neutron-probe borehole
temperatures did not exceed 890C. The higher temperatures in the second cycle
dried the rock, with less drying evident for the third cycle. There was a
slight recharge in the four-month period between the end of cycle 2 and the
beginning of cycle 3, while none was noted for the 33-day period between the
first two cycles. Recharge water could have come from nearby rock with higher
saturation states, residual water from permeability testing, or surface water
from nearby block-drilling activities. These data are useful to modelers
involved in performing moisture-content analyses around heated areas.

G-Tunnel Underground Facility

A diamond-tipped chain saw, fabricated and operated by North Pacific Research,
was successfully used to cut a slot 2 m x 2 m x 1.2 cm in moderately welded
tuff in the G-Tunnel Underground Facility. This accomplishment is a major step
in demonstrating the technical feasibility of large-scale field measurements.
One of the objectives of the rock mechanics field-test program has been to
develop a better, more cost-effective method of measuring a field value for the
modulus of deformation of a fractured rock mass. The modulus is determined by
measuring the pressure-deformation response of a flatJack in a planar slot in
the rock. A thin slot (2-m square) is required to allow meaningful rock-mass
measurements.

Work continued on the G-Tunnel mining evaluation. The U12g.12 drift was
advanced to station 13+32, which is near the last major curve in the drift.
Near station 13+65, the drift will straighten out with a S555W bearing and a
26 m drift extension along this bearing will form an observation drift for
later mining evaluations. Drift advances in the U12g.12 nonwelded tuff were
made using drill and blast techniques because the Alpine miner was inoperable.
Instrumentation for later mining evaluation has been ordered. Preparations for
drift-convergence measurements in the U12g.12 drift have begun. Later
measurements will incorporate permeability experiments.
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5.5 TUFF LABORATORY PROPERTIES (WBS 2.4.2.3.S)

At present the majority of data to be acquired before the start of the
Exploratory Shaft are in hand, although data analysis is not yet complete.
Analyses of the following data are in progress: (1) results of mechanical
testing on samples of Topopah Spring from drillholes USW G-4 and USW G-2,
(2) data from confined and unconfined thermal expansion, (3) study of
compaction during thermal-expansion tests, and (4) study of sources of error in
thermal-conductivity measurements.

A study of the effects of pressure, temperature, strain rate, and saturation on
the mechanical properties of the densely welded Topopah Spring had been delayed
by approximately four months by equipment problems at RE/SPEC. Testing is now
scheduled to be completed in December.

5.6 WATER MIGRATION ANALYSIS (WBS 2.4.2.4.S)

The results of an analysis of models used to predict matrix wetting-phase
relative-conductivity curves for tuff were documented. The analysis compared
five models considered to be representative of the general approaches to
calculating relative-conductivity values from saturation versus pressure-head
data or from mercury-intrusion data. The model of Mualem, currently used in
performance-assessment calculations and other hydrologic calculations, was
found to predict values consistent with the other models. Its predictions were
intermediate with respect to the values predicted by the other models, as were
the predictions of the Brooks-Corey model, if the method for calculating
relative conductivities by the latter model is rigorously followed. In the
absence of expermental data, it is suggested that either the method of Mualem
or the method of Brooks-Corey is suitable for use in calculating relative-
conductivity curves for tuff.

Computer software for instrumentation in the experimental apparatus to
investigate water movement in fractures has been completed. The standard
operating procedure has also been written, with fracture permeability tests to
be run after leak tests of the experimental systems as a unit are completed.

Long-term saturation tests on five tuff samples were completed. The results
show that the samples were essentially saturated after approximately 1.6 years
of being immersed in water, with the samples picking up a significant amount of
water over the last year. The saturation rate was found to be dependent upon
the sample porosity and degree of welding. ASTM saturation standards were
found to be inadequate when tuff samples are required to be saturated.

Hydrologic calculations for Yucca Mountain were performed using TOSPAC with
maximum relative permeability curves. The water fluxes, pressure-head
profiles, and water travel times were compared with results from an analysis
using relative-permeability curves representative of each stratigraphic unit.
As expected, the matrix hydrologic properties were not sensitive at high
percolation rates where fracture flow dominated. Results for the two sets of
curves were essentially the same. When matrix-water movement dominated, the
travel times using the maximum relative-permeability curves were shorter but
still long compared to 10,000 years.
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The gamma-beam densitometry apparatus to be used for hydrological characteriza-
tion of a 10.5-ln.-long core sample of Topopah Spring tuff has been assembled
and is being checked for operational problems. The core will be tested for
saturated conductivity, saturation versus pressure head, relative permeability
versus pressure head, and water-movement response to an induced thermal
gradient.

Samples already tested at PNL for saturated conductivities, water-retention
data, and bulk-property data, will be retested for grain densities at SNL, due
to the observation that the PNL grain-density values affect both the porosity
and maximum saturation values of the samples.

A model has been formulated for the calculation of a composite (i.e., rock mass
combining fracture and matrix properties) relative conductivity versus suction
head, based upon matrix-pore-size distribution data and on hypothesized
log-normal aperture distribution for fractures in a particular unit. Using
capillary-bundle theory, the model has successfully reproduced a subset of
theoretical composite curves, using consistent assumptions of fracture
porosity, permeability, mean aperture, and aperature variance. Comparisons
indicate that the dual porosity model of Peters is a reasonable method for
estimating a wetting-phase, relative conductivity curve for a rock mass.

5.7 SEALING MATERIALS EVALUATION (WBS 2.4.3.2)

Work proceeded on a new cementitious grout mixture, 84-12, which was formulated
with a lower calcium sulfate content because of the concern that introduction
of sulfate into water in the repository might adversely affect waste-element
solubility. Evaluations of a previously prepared, higher sulfate grout (82-22)
were completed. Both formulations were developed to minimize the chemical
potential differences between the bulk-tuff composition and the bulk-grout
composition without the extensive use of locally-derived (local to the NTS)
tuffaceous materials.

Samples of 84-12 were cast for testing through 180 days. During July and
August 56- and 90-day test dates were reached and strength, modulus,
permeability, porosity, density, and expansion tests, as well as x-ray and
scanning-electron-microscope characterizations, were completed. The 180-day
test will be completed on November 3, 1984.

Crushed Topopah Spring tuff (ASTM C-65) had been used as a fine aggregate in
the formulation of grout 82-22. Rock fragments were crushed with a jaw crusher
in three stages and run through a roll crusher in three stages, with a final
roll spacing of one-sixteenth of an inch. This material was graded to ASTM
C-109 specifications for use in 82-22. Considering the likelihood that tuff
may be used as a fine aggregate and the inhomogeneity of Topopah Spring tuff,
further investigations of particle distribution versus particle shape were
conducted. Photomicrographs were prepared for the different size fractions to
study the aggregate-segregation type and the shape due to sizing and the effect
they may have on mortar strength and durability.

Data comparisons for the 2000C experiments show relatively few differences in
the calcium, sodium, and sulfate compositions in the fluid phases that contact
the two formulations in combination with tuff. The 84-12 formulation exhibits
a generally lower concentration of silica than does the 82-22 formulation,
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possibly reflecting the physical properties of the silica-rich admixtures used
in the 84-12 formulation. Both mixtures appear to decrease in pH value with
time, except for the 84-12 mixture at 2000C (based on a single point at 600 hr,
which is slightly higher again). The alteration of the two concretes appears
to be slightly different. The 82-22 formulation maintains a pH value almost
one unit lower than the 84-12.

No major differences were found between the chemical behavior of mixtures 82-22
and 84-12. Despite the lower sulfate content of 84-12, solutions in contact
with it showed similar sulfate content to those in contact with 82-22. This is
probably due to control of sulfate by anhydrite precipitation in both grouts.
Grout 84-12, however, may be more appropriate for use in the Yucca Mountain
repository because its use would introduce less total sulfate. Also, if
removal of sulfate from the fault seals is controlled by leach rate, the 84-12
mixture would probably release its lower-sulfate content more slowly than
mixture 84-22.

The final 1500C agitated-concrete experiment with Topopah Spring tuff and 84-12
was prematurely terminated because of equipment failure (leakage of the Parr
autoclave); however, seven of the ten targeted solution samples were collected.
From previous experience, by this elapsed time in the experiment, the majority
of the chemical alteration in the aqueous phase has been completed and solution
composition is nearing a steady state. Solution analyses of these latest
samples are in progress, as is the characterization of the resulting
solid-reaction products.

Pennsylvania State University has completed a study of ancient concretes as
analogs of cementitious sealing materials for a tuff repository. The
durability of ancient concretes has been investigated to provide information
applicable to determining the longevity of concrete materials for sealing a
repository in tuff. Because of the use of tuff and volcanic ash in the
concretes in the vicinity of Rome, the results are especially applicable to a
radioactive-waste repository in a tuff environment. The evidence from
investigations of these analogous materials suggests that sealing materials
that are compositionally and microstructurally similar to the ancient
pozzolanic cementitious materials probably adjust slowly to the repository
environment, will perform well, and will remain stable.

Limited work was initiated at the Waterways Experimental Station to determine
the permeability of tuff concrete. Because of the extremely low permeability
of tuff concrete, the transient-pulse technique is being considered to
establish this low permeability. These results will be incorporated into the
tuff-concrete report.
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6.0 REGULATORY AND INSTITUTIONAL (WBS 2.5)

The objective of the Regulatory and Institutional program is to assess and to
document public safety and environmental aspects of Exploratory Shaft and
repository construction in accordance with the National Waste Policy Act
(NWPA), National Environmental Policy Act (NEPA), and NRC licensing
requirements. The program also addresses socioeconomic and institutional
impacts of a potential repository as defined by the NWPA.

6.1 REGULATORY INTERACTIONS (WBS 2.5.1)

The NRC conducted its first data review of the data supporting the design of a
radioactive-waste repository in tuff. Fourteen NRC reviewers and subcontrac-
tors participated as did a representative from the State of Nevada. A tour of
the NTS was provided for the group with focus on G-Tunnel rock-mechanics
testing, a visit to Yucca Mountain and observations of core in the core
library. The reviewers concentrated on the mechanical-, thermal-, and bulk-
properties data obtained to date in laboratory tests and in field tests
conducted in 6-Tunnel on the NTS. Weapons-test seismic data, rock-mass
classification efforts, and data supporting the sealing program were briefly
reviewed.

During the NRC/DOE geologic data review, the NRC panel examined drill core from
Yucca Mountain, were shown detailed geologic field relationships at the
repository site, and were led through fault trenches in the Yucca Mountain
area. The NRC geohydrology data review was also completed in this quarter.
Licensing staff also participated in an NRC/DOE geochemistry workshop at Los
Alamos, New Mexico.

6.2 ENVIRONMENTAL ASSESSMENT (WBSW 2.5.2)

The NNWSI Project draft Environmental Assessment (EA) was revised. DOE/HQ and
Weston comments on the June 1, 1984, draft EA were answered and sent to DOE/HQ
in August. Staff also reviewed chapters 1 and 7, the foreword, and Section 4.1
of the EA which were prepared by DOE/HQ and will be included in the EAs for all
potential repository sites. Comments and presentations relevant to these
sections were prepared.

A program-wide meeting to resolve issues relating to EA Chapter 7. Comparison
of Sites, was held on July 9-13, 1984 in Washington, D.C. Evaluations and
positions taken by each of the project offices regarding the provisions of
DOE's %General Guidelines for the Recommendation of Sites for Nuclear Waste
Repositories were discussed, and disagreements were resolved by consensus or
by DOE/HQ directive. Additional activities associated with the draft EA
included: (1) revision of EA sections related to transportation in response to
revised cost and risk data provided by the Transportation Technology Center;
(2) preparation and planning to establish the administrative record for the
draft EA; and (3) acquisition of references cited in the draft EA.

An NNWSI Project workshop was held In August on ground motion at Yucca Mountain
induced by earthquakes and weapons testing. Perceived discrepancies and
inconsistencies in data and interpretations presented in the EA were discussed.
The review panel included experts on seismicity and tectonics. The summary
report is expected to resolve EA questions and to refine site characterization
activities.
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7.0 EXPLORATORY SHAFT (WBS 2.6.5.1.A)

The purpose of this part of the NNWSI Project is to construct an Exploratory
Shaft (ES) to acquire primary geologic and hydrologic data on the proposed
repository horizon and surrounding rocks at Yucca Mountain as mandated by the
NWPA.

7.1 FACILITY

The decision to plan for a 6-ft-diameter raise-bored second shaft required that
the ES Test Plan (ESTP) committee evaluate the shaft, connecting drift, and
surface locations for adverse and/or favorable impacts on proposed tests and
assess the potential for additional data acquisition opportunities. The
committee found that a second shaft location just northwest of drillhole USW
G-4 offered an opportunity to examine potential fluid invasion near the USW G-4
borehole and would not interfere significantly with any of the proposed tests.
Other advantages include additional drift wall-mapping information and possibly
samples, geophysical data, and camera data from the second shaft and/or its
pilot borehole. After evaluating two other potential surface locations (one
almost due west of the 12-ft-diameter ES and one to the northwest), the
Committee unanimously approved the location near USW G-4 as the most
advantageous. Design criteria for the 6-ft-diameter shaft were issued and
design work was initiated by Fenix & Scisson, Inc. and Holmes & Narver, Inc.

7.2 TEST PLAN (WBS 2.6.5.2)

The ESTP Committee is preparing for a series of technical dialogues on the
tests proposed in the draft ESTP Rev. 0. These meetings will allow the
principal investigators an opportunity to elaborate on the reasons for the
tests, how the resulting data will be used, how the data can be extrapolated
across Yucca Mountain, how cost estimates were derived, how quality will be
maintained, and how the tests fit the present schedule. These meetings should
contribute significantly to the screening process for the proposed tests.

A working group of NNWSI Project technical experts has been formed to examine
the question of coupled phenomena (thermal, hydrological, mechanical, and
chemical interactions) and whether additional tests and/or computer models may
be needed to address coupled effects in tuff.

7.3 INTEGRATED DATA SYSTEM (WBS 2.6.6)

The prototype Integrated Data System was installed and is now capable of
supporting development of the Phase I surface data acquisition system for the
ES facility. Hardware installed this quarter included the power distribution
system, the last components of the prototype timing systems, and the prototype
weather instrumentation.

A study was made of the impact of the second access shaft at the ES facility.
Impact seems to be minor, except for the changes necessary to monitor the mass
balance. The change in ventilation arrangements will have a major impact on
this measurement, but the extent will not be known until the revised design of
the ES facility is completed.
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8.0 TEST FACILITIES (WBS 2.7)

This portion of the NNWSI Project encompasses activities conducted at test
facilities located at sites not being considered for commercial high-level
waste repositories. Results are reported from the Spent Fuel Test-Climax
(SFT-C) and E-MAD.

8.1 SPENT FUEL TEST-CLIMAX

In Situ Stress Measurements

It became evident during the in situ stress measurements that data variability
was quite high and, in general, was greater than could be attributed to
experimental errors and such factors as anisotropy of deformation moduli (as
measured on the overcored rock specimen). A study has been undertaken to
determine the influence of nearby geological features on the measurements.
Discussion was intitiated with members of the University of Illinois faculty
who are currently examining how alteration zones in a rock mass may influence
the measurement of in situ stresses. Geological logging of borehole ISS-l1 was
completed in support of this study. If geological structures can be identified
which are closely related to the observed variations, it may be possible to
describe the rock mass as several domains in which different stress regimes
exist.

In Situ Deformability

The deformability of a rock mass, in concert with the state of stress in that
mass, determines the magnitude and orientation of displacement stress changes
which occur due to mining, heating, and related disturbances to the mass.
Significant progress was made this quarter using the results of two different
techniques to measure the rock mass deformability.

First, analysis of post-test borehole deformation modulus data was completed.
The results of this study indicated that the deformation modulus is decreased
in the vicinity of boreholes where the rock was heated to about 600 to 650C for
a period of three years. This observation led to consideration of lower
temperature effects on the rock mass. Most of the rock mass was heated
moderately to about 300 to 350C during the three-year period. Since the effect
was small in comparison to the variability of the rock mass (even at 600 to
650C), it was important to study possible effects of moderate heating with
pre-test and post-test data from the same region. Four borehole segments in
the pillars were the site of pre-test and post-test measurements. Since the
published pre-test values were processed with a different data reduction scheme
than is currently recommended, it was necessary to go back to the raw data and
reanalyze it. Comparisons of these data revealed no consistent change in the
deformation modulus due to moderate heating at 300 to 350C.

The analysis of borehole Jack data also raised questions concerning the
validity of recommended data procedures. The recommended procedures, which are
contained in a proposed ASTM standard, appear to severely bias the data to
lower modulus values. While the Goodman Jack has a long history of development
and evaluations, these evaluations and associated corrections have, to date,
been applied in a piece-wise manner rather than as a composite.
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Given the importance of deformability data in the calculation and analysis of
rock responses to excavation and heating, the original scope of the in situ
deformability measurement was extended to include laboratory testing of the
response of the Jack. Initial evaluations will be made by testing the jack in
a large cubical aluminum block. Procurement actions were completed late this
quarter to obtain the block. Techniques for heat-treating the block and for
boring and sequentially enlarging the test borehole were established. A test
procedure is currently under development with a planned start of testing in
late November to early December.

Second, analysis of seismic survey data is nearing completion. Spectral
analyses of shear waves acquired during the petite sismique survey were
completed. A potential aliasing problem was identified which required a
frequency response calibration of the signal enhancement seismograph used for
this field study. In addition, it was necessary to determine the transducer
response to pure impulses and to shaker table tests at higher frequencies that
were used during transducer calibration. The results of these tests
established that signal aliasing was not a problem.

The results of the petite sismique survey indicate that several factors, which
were not treated by previous investigators, influence the frequency content of
the shear waves. For example, the shear wave source had a profound influence
on both the frequency and energy content of the shear waves. In addition,
shear wave dispersion was observed to be path-length dependent. While the
petite sismique technique operates in the frequency domain, the method of data
collection facilitated calculation of the dynamic moduli of the rock mass in
the time domain. The in situ dynamic moduli values were found to be similar to
the laboratory static moduli values.

Geological Sampling and Mapping

Preparation of a complete data base containing the results of post-test core
logging was initiated. A data-base format was established and over 80 percent
of the pertinent fracture characteristics and orientations have been entered
into the data base. These data will form the basis of a report on the
post-test drilling and sampling activities.

Thermal and Radiation Effects

A laboratory study was completed on the effects of gamma irradiation on the
strength and elasticity of Climax granite. Radiation effects were not expected
on the laboratory scale, but a study was conducted two years ago to confirm the
expected null effect. Surprisingly, a statistically significant effect was
observed. Because the data set was highly variable and because of the
unexpected nature of the result, the experiment was repeated this year. The
second study was statistically designed and included Westerly granite as a
known low-variability rock type. No radiation effect was observed on strength
or elastic moduli of either the Climax quartz monzonite or the Westerly
granite.

The development of microfractures may be a valuable precursor for studying
possible thermal and radiation damage in crystalline rocks. This technique has
been applied to study drilling damage and the effects of laboratory irradiation
on samples of Climax granite. The effects of in situ heating are now being
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studied using samples obtained at various positions radially outward from each
of two heated boreholes. Because the effect is presumed to be slight and
because the natural variability of microfracturing is quite high in the Climax
quartz monzonite, the samples were obtained from near the auxiliary heaters
where temperatures reached 3000C (near the spent-fuel canisters and electrical
simulators, temperatures did not exceed 850C). The results from these
high-temperature samples will be compared with pre-test unheated samples which
were obtained immediately adjacent to the post-test samples.

Scanning electron microscope photographs of microfractures were obtained and
processed with an image analyzer and pertinent crack statistics were developed.
Detailed statistical interpretation of the data has been undertaken to support
the physical and logical arguments presented in the draft report. Previous
microfracture studies of this rock have shown that rather sophisticated
statistical treatment of the data is required because of the high natural
variability of microfracturing.

In addition to the microfracture analyses, changes in the mineralogy and
petrology caused by heating and/or irradiation are also being studied. Cursory
examination of post-test geological samples obtained near auxiliary heater
boreholes revealed no influence of heat on the rock mineralogic or petrographic
character. Neither samples located in dry areas nor those near seeps showed
discernible alteration. Examination of canister emplacement-hole samples has
just begun, following receipt of the first set of thin sections. Once again,
adjacent pre-test and post-test samples will be compared.

Radiation Dosimetry

Documentation of the radiation dose received by the rock mass in the vicinity
of spent-fuel storage boreholes was completed. In addition to documenting the
radiation absorbed dose for the particular configuration of the SFT-C, these
data form the basis for comparisons with calculated radiation doses. This
comparison revealed that radiation doses can probably be calculated more
accurately than they can be measured using currently available long-term
dosimetry. However, careful definition of the source term and calibration of
the model using short-term dosimetry are important to obtaining good
calculational results.

Post-test Calibration and Instrumentation Evaluation

Analysis of post-test calibration data was completed for three of four classes
of temperature transducers which were deployed at the SFT-C. Resistance
temperature sensors for the convergence wire extensometers were all found to
have performed at the anticipated levels of accuracy and stability.
Thermocouple data remain to be analyzed.

Analysis of pre-test and post-test calibrations of Watt transducers revealed
that slight changes in slope and offset occurred during the three-year test
periods. The shunt resistors used in these calibrations (the only plausible
source of calibration error) were themselves recalibrated. Results revealed
that insignificant changes in the Watt transducers did occur.
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A new technique was utilized to calibrate vibrating-wire stressmeters. The
stressmeters were retrieved by overcoring so that they could be calibrated in
the laboratory while they were still located within the same section of rock.
The recovery process was not totally successful because geological discontinui-
ties resulted in broken stressmeter cables and split cores. Laboratory
calibration was completed of the six stressmeters which were successfully
recovered.

Two extensive campaigns of in situ stress measurements were conducted at the
SFT-C. An apparent hysteresis response was observed during field calibration
of the U.S. Bureau of Mines (USBM) overcore cells which were used to make over
half of the stress measurements. (The other measurements were made with a
different type of cell.) In addition, the standard calibration procedure was
determined to be inadequate and an investigation of these problems is in
progress.

A device was fabricated to study the hysteresis response and to provide an
adequate laboratory calibration of the USBM gauge. An initial set of data was
obtained later thts quarter using the calibration device. Analysis of these
data is awaiting completion of the data processing software. In addition, a
set of data was obtained using the standard calibration technique to confirm
that the phenomena occurred in the overcore cell which will be used in the
investigations. Hysteresis on the order of hundreds of microstrains was
observed. This is of the same magnitude as the gauge response to overcoring
and, therefore, is very significant.

All displacement transducers and associated laboratory calibration data sheets
were obtained from subcontractors. This completes the actual calibrations and
makes the data available for analysis of the reliability of these transducers.

A potential problem with the long-term stability of the MBI-series borehole
extensometers was detected in the rod- and anchorage-integrity testing data.
These data were obtained as part of the post-test instrumentation analyses.
The reference plug in contact with the instrument transducer was found to slip
under certain conditions with respect to the connecting rod and anchor. A test
procedure was prepared to evaluate the stability of the reference plug in the
laboratory. Necessary test components were obtained from the SFT-C and are
being prepared for testing.

Post-Test Calculations

Several attempts have been made to model the complex rock responses which were
observed during the mine-by experiment which was conducted at the SFT-C.
Scoping calculations using the one-dimensional code SOC have indicated that the
observed displacements may result from blast-induced permanent deformations of
the rock mass. The displacements recorded by the horizontal extensometers
agree very well with the calculated response to mining the bench of the
canister drift.

Attempts to model the more complex geometry associated with mining the top
heading have not yet been successful. The one-dimensional approach was judged
to be inappropriate to use in this case, a judgment which was confirmed by
gross disagreements between measured and calculated results. Numerical
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instabilities occurred during attempted solution of the problem using the
two-dimensional code TENSOR. A new approach has been identified which should
avoid these instabilities. The approach will be evaluated next quarter.

8.2 E-MAD

Data Collection

Maximum canister and liner temperatures recorded during this reporting period
for the drywells containing canisterized fuel assemblies are shown in Table 4.

TABLE 4

MAXIMUM CANISTER AND LINER TEMPERATURES

Fuel Maximum Maximum
DW Assembly Canister Temp. TC# Liner Temp. TCI

1 009 94.0C 768 70.30C 766

2 B41 78.40C 797 55.70C 802

3 D16 93.70C 842 68.60C 841

5 D22 89.30C 880 68.70C 876

The highest center pin temperature recorded was 234.40C on fuel assembly B02
which is installed in the fuel temperature test (FTT).

Of the 12 fuel assemblies and 2 fuel rods currently installed in the lag
storage pit, only canister temperatures of fuel assembly D06 were recorded.
The maximum temperature was 570C, registered on thermocouple #108.

There were no new drywell liner thermocouple failures during this reporting
period. There are presently 16 inoperative liner thermocouples: 3 in
Drywell #1, 4 in Drywell #2, 6 in Drywell #3, and 3 in Drywell 5.-

Dry Storage Fuel Tests

The 15-, 16-, and 17-month temperature profiles of fuel assembly B02 were
completed as part of the 24-month FTT. Monthly gas sampling, full volume
filtration of the FTT canister and the sampling accumulator, and FTT atmosphere
exchange were performed at the end of each month's testing.

Recently reviewed results of gas-sample analyses indicated that during a nine
day period in June and July the krypton-85 activity in fuel assembly B02
increased from approximately 10 pCi/cc to 211 pCi/cc. During a 39-day period
in July and August, the krypton-85 activity increased from approximately
10 pCi/cc to 589 pCi/cc.
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Fuel Integrity Monitoring

All FY 84 semi-annual fuel-integrity-monitoring gas sampling of welded
fuel-storage canisters was completed. The five fueled canisters which are
installed in the lag storage pit were transferred to the weld pit for gas
sampling operations, then returned to their original locations. The three
canisterized fuel assemblies in the drywells were transferred to the Hot Bay,
the gas samples were acquired, and the fueled canisters were returned to their
drywells. All gas samples were delivered to two independent laboratories for
analysis.

Remote fuel-handling operations were conducted on fuel assemblies 843 and D34
to acquire contamination swipe samples from the fuel-rod surfaces and from the
lower cruciform of the unwelded canisters in which the fuel assemblies were
stored. The fuel assemblies in their canisters were returned to the lag
storage pit. The samples were sent to the laboratory for analysis. Results of
the analysis indicated no fuel-rod integrity violation.

Waste Package Closure

Carbon steel welds were made with the E-MAD gas tungsten arc-welding system and
initial inspection of the sample welds indicated that they were acceptable.
Subsequently, a qualification weld was performed on carbon steel; however, the
weld was not satisfactory because of an equipment failure. A new mockup will
be fabricated and the qualification weld will be repeated.

Parameter search welds were completed on the Hobart Plasma-arc welder on
0.25-in-thick and 0.375-in-thick stainless steel material. The welds in the.
0.25-in-thick material appeared to be satisfactory; those in the 0.375-in-thick
material were not acceptable due to intermittent gas entrainment in the weld.
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9.0 PROJECT MANAGEMENT (WBS 2.9)

Project Management activities are involved with integrating and managing the
multi-disciplined NNWSI Project. A brief summary of fourth quarter activities
follows.

9.1 PROJECT MONITORING SYSTEM (WBS 2.9.2)

The draft WBS dictionary, which was developed during the third quarter based
upon comments received from Project participants during May and June, was
distributed to Project participants but was not placed under the formal change
control process due to a major DOE/HQ-mandated change to the WBS. This change
requires major modification of the dictionary; reissue in draft form is planned
for the second or third quarter of FY 85.

During the fourth quarter of FY 84 a set of Level 1 and 2 milestones was placed
under the change control process by the Change Control Board. Budget
distribution and reporting were formalized for better management control. Both
the budget baseline and the participants' time-phased cost plans were placed
under Change Control Board control.

9.2 QUALITY ASSURANCE (WBS 2.9.4)

No significant technical progress was reported during the quarter.
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ABBREVIATIONS AND ACRONYMS

ASTM American Society for Testing Materials

BWR Boiling water reactor

DOE U.S. Department of Energy
DOE/NV U.S. Department of Energy/Nevada Operations Office
DWPF Defense waste processing facility

EA Environmental Assessment
ES Expl oratory Shaft
ESTP Exploratory Shaft Test Plan

FTT Fuel temperature test
FY Fiscal year

HLW High-level waste
HFEM High-frequency electromagnetic

LANL Los Alamos National Laboratory
LLNL Lawrence Livermore National Laboratory

MPBX multiple point borehole extensometer
MPa Megapascal

NEPA National Environmental Policy Act
NNWSI Nevada Nuclear Waste Storage Investigations
NRC U.S. Nuclear Regulatory Commission
NTS Nevada Test Site
NWPA Nuclear Waste Policy Act

OCRWM Office of Civilian Radiological Waste Management

PNL Pacific Northwest Laboratory
psi pounds per square inch
PWR Pressurized water reactor

SAIC Science Applications International Corporation
SA/V solution area to volume
SDR surface-displacement rosette
SFT-C Spent Fuel Test-Climax
SNL Sandia National Laboratories

TGA Thermo-gravimetric analysis
TOSPAC Total System Performance Assessment Code

USBM U.S. Bureau of Mines
USGS U.S. Geological Survey

WBS Work Breakdown Structure
W/WTSD Westinghouse Electrical Corp./Waste Technology Services Div.
RMPO Waste Management Project Office
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