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Characterization of Topopah Spring Tuff Samples

Analytical work to characterize material taken from appropriate oepths in
holes G-1, GU-3, G-4 and UE25H-1 has been started. Samples have been submitted
for X-ray diffraction runs. Polished thin-sections for electron microprobe
analyses are being prepared. Neutron activation analyses will be run next
quarter using avicel discs. Splits of these same samples were used to determine
"soluble salts' present at depth and will provide information on petrologic/
geochemical variability through the repository horizon.

The results of detailed neutron activation analyses for major and trace
elements in Topopah Spring tuff (Tpt), the Tuffaceous Beds of Calico Hills (Tct)
and G-Tunnel Grouse Canyon tuff (Tbg-G) are shown in Table 1. Details on the
analytical procedures are provided elsewhere for these whole rock analyses. The
Tct was analyzed because it is considered the secondary choice for a repository.
horizon and because vadose water must travel through it after contacting the HLW.
repository on its downward movement toward the water table. The Tbg-G was
studied because it is being used as a thermomechanical analogue for Tpt in
various tests being conducted in G-Tunnel. As the data in Table 1 illustrate,
there are some significant differences between the bulk chemistry of Tpt and
Tbg-G, mainly reflecting the peralkaline nature of Tbg-G. Although the
differences have had little effect on the major mineralogic phases formed
(quartz and alkali feldspar), the chemistry of these phases is slightly
different and the nature and composition of accessory phases are different.

The results of a study of the whole rock neutron activation analyses of Tpt
samples collected at Busted Butte are presented in Table 2. The samples were
collected to reflect observable lithologic differences at the type section in
locations analogous to the potential repository horizon beneath Yucca Mountain.
Details of this analysis are presented elsewhere in a topical report
characterizing the Tpt.



Table 1 - Neutron Activation Analysis Results
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Table 2 - Neutron Activatlon Analysis Results
(Topopah Springs Tuff)
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Topopan Spring Tuff and Groundwater: Interaction Experiments and Results

A. Experiments Using Tuff Core Wafers
In order to investigate the post-emplacement environment of the waste

packages we studied the cnanges in water chemistry and rock
mineralogy/chemistry due to hydrothermal reactions with Tpt. A 4 month
rock-water interaction experiment was conducted using doubly-polished Tpt core
wafers. The wafers were supported inside large teflon-lined Parr bombs in
such a manner as to allow all faces to be exposed. The experiment was run at
150C witn some wafers submerged in J-13 water while others were exposed to
water-saturated air with enough excess fluid to allow refluxing. Surface
areas of the wafers were determined via BET gas adsorption techniques to allow
comparison with crushed tuff experiments. At the conclusion of each run a
filtered (0.1 micron) acidified sample was taken for inductively coupled
plasma-emision spectra (ICP-ES) cation analysis, while a filtered, unacidified
sample was taken for inorganic chromatography (IC) anion analysis. The
solution pH was measured electrochemically and the wafers reweighed to
determine weight change. The wafers were rinsed and examined by scanning
electron microscope (SEM)/electron microprobe to determine solid phase
reactions. Tne preliminary results of the first half of this experiment were
presented last. quarter. The entire results are summarized here. For the
discussion to follow note the sample code given here:

Time Submerged Water-Saturated Air
2 weeks CW1 CW5

1 month CW2 CW6

2 montns CW3 CW7

4 months CW4 OW8

The results are presented in Table 3 (cations) and Table 4 (anions).

The solution chemistry for the submerged wafers showed: an initial rise in
Al, B and K followed by a regular decrease to an steady-state value; a
decrease in Ca and Mg (very rapid); an immediate removal of Fe; a step
increase in Na and all anions due to readily soluble evaporate minerals; and
an asymptotic approach of Si to cristobalite saturation. The pH increase
mirrored the Si rise. The wafer weight decreased as Si increased, with 1.4%
lost after 4 months.

Tne solution chemistry for the water-saturated air wafers showed:
immediate removal of Al, Fe and Mg; a decrease in Ca to values lower than in
submerged samples; an increase in B and K to concentrations at 4 months equal
to the submerged samples. The Na concentrations were indistinguishable for
submerged and refluxed samples, while the anion concentrations were either
similar or slightly higher for the refluxed samples. Si increase slightly (to
35 ppm), indicating some limited dissolution. The pH remained constant in all
samples but the 4 month experiment where it increased to 8.5. The wafer
weight loss was uniformly low (0.1%).



Table 3 - ICP Results for Tpt Core Wafers
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Table 4 - Results for Tpt Core Wafers
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The SEM/electron microprobe examinations of the remaining core wafers in
the experiment were completed this quarter. Detailed discussion will be
presented elsewhere. To summarize results only analyses from CWO, CW4 and CW8
will be presented here.

a. The average normative anorthite mole percent for Tpt plagioclase
feldspars is relatively unchanged by 4 months of reaction either
submerged or in water-saturated air. Table 5 shows the overall
chemical compositions to be similar.

b. The Tpt alKali feldspars had identical normative orthoclase mole
percent both reacted and unreacted. The data in Table 5 bears this
out.

c. The biotites within the Tpt are badly altered even in the unreacted
wafer and analyses of the reacted biotites is difficult due to rough
surface texture. However, in those pnenocrysts that yield acceptable
totals, Table 6 data show no differences before or after reaction
with J-13 water at 150C for 4 months.

d. Tne matrix compsitions in Table 5 are also similar, although it is
not possible to quantitatively distinguish compositional variations
because the phases change from pure silica to alkali feldspar on a
micron scale due to devitrification.

e. The discrete calcite crystals observed after 1 month of reaction have
continued to grow in size and abundance in the 4 month core wafer.
These crystals are frequently attached to the rough surfaces of
phenocrysts (sanadine here) or to vugs on the surface of the core
wafer. These observations suggest that within the Tpt repository
horizon, carbonate-bearing vadose water would precipitate calcite in
vugs and along fractures in response to the thermal pulse, as opposed
to increasing tne Ca content of the existing mineral assemblage.

B. Experiments Using Crushed Tuff

Preliminary data are available from experiments using Topopan Spring tuff
obtained from drill holes G-1, GU-3, G-4 and UE25H-1. (The latter is the
horizontal hole drilled without fluid into Fran Ridge.) None of the samples
shows evidence of caliche deposits. The results indicate that caliche
material will probably not be encountered at depth, and that surface outcrop
samples must be treated to remove caliche material before use in the
experimental program for NNWSI work where solution chemistry is important.
Table 7 shows anion concentrations in solutions for samples from G-4 and
UE25H-l which were treated with J-13 water at room temperature and overnight
at 150C. Concentrations are virtually identical to those found in J-13
water, and prove the absence of soluble caliche material in these rock samples.
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Table 5 - Tpt: Quantitative Microprobe Analyses of Core Wafer Primary Phases
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Table 7 - Anion Concentrations in ppm
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Experimental matrices for rock-water interactions using crushed
Topopah Spring tuff plus J-13 water at 90C and 150C have been
completed. Cation analyses and total carbonate analyses are complete; anion
analyses are still in progress.

Data tables for cation analyses and carbonate analyses were drawn
up in preparation for inclusion in a document to describe the crushed
Topopah Spring plus J-13 water interaction chemistry.

Table 8 shows a summary of the results from the 90C and 150C
Topopah Spring tuff + J-13 water test matrices.

First results using a micro-analytical technique for carbonate

analysis were obtained. Reaction of Topopah Spring tuff with J-13 water at
150C showed no release of carbonate or bicarbonate to solutions. Final
solution concentrations after reaction with the rock were slightly less than
the original J-13 total carbonate plus bicarbonate concentrations.

Waste Form Leaching

A. Reprocessed Waste/Borosilicate Glass

A contract was established with John Bates at Argonne National

Laboratory to develop a waste form test method which will simulate
conditions in tne unsaturated zone at Yucca Mountain. He has submitted a
draft test plan which was reviewed by LLNL Waste Package staff. Ten
miniature Topopah Spring tuff reaction cups were fabricated at LLNL for use
in tne unsaturated test method development. Bates has also conducted
preliminary sensitivity testing which will help in further development of
the test plan.

Testing of non-radioactive glass samples at Savannah River
Laboratory using Topopah Spring tuff reaction vessels has begun.
Radioactive glass testing has been delayed and will begin in August.

The DWPF-165 glass specimen from Savannah River was removed from
its stainless steel container. This glass is a 72 wt.% frit and 28 wt.%
simulated waste. Upon removal of the sample from its container, the glass
broke into many smaller pieces exhibiting a non-uniform appearance. Five
samples from these pieces were prepared for microprobe analysis and their
results are shown in Table 9. Before shipment, SRL performed a partial
x-ray fluorescence analysis on a sample chipped from the bulk glass. A
comparison of their results and ours is given in Table 10. We are presently
in the process of cutting monoliths to perform MCC-type leaching tests. We
will also use some ground-up material to perform solubility tests. This
work is scheduled to start during the month of July.

A progress report was received from Gary McVay of PNL on his
contract work for us covering interaction effects of PNL 76-68 glass plus
Topopah Spring tuff in J-13 water. The presence of the tuff has a marked
effect on slowing release of elements from the glass.
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Table 8 - Solution Concentrations in ppm
for Pretreated Rock Samples
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TABLE 9

DWPF-165 Glass
Weight Percent Composition

data points per sample and standard deviation for each sampleAverage of 10
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TABLE 10

DWPF-165 Glass
Comparison of LLNL vs SRL Results
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B. Spent Fuel

A draft report was received from Westinghouse Hanford Engineering
Development Laboratory on the "Characteristics of Spent LWR Fuel Relevant to
its Storage in Geologic Repositories". After comments from LLNL, HEDL revised
the report. Release of the report for general distribution will occur in
August.

Formal approval was sent to Westinghouse Hanford Company for the cladding
containment scoping trial test plan, and authorization was given to them to
begin testing. Work on the spent fuel testing has begun. Fuel segments
without cladding defects show some surface contamination with actinide
material. The extent of the surface contamination will be investigated
further.

R. Van Konynenburg has developed an explanation for the C-14 release found
in spent fuel storage canisters. We have contacted R. Gilbert of the PNL
Spent Fuel Storage Program and arranged for a co-operative effort to follow up
on the release mechanism proposed, and to attempt to coordinate planning on
spent fuel R&D work.

Metallic Barrier Materials

A. Selection of Materials

A draft of the report "Waste Package Containment Barrier Metals for the
Tuff Repository" was QA reviewed and send to D. Vieth (DOE/NVO) and L. Scully
(SNL) for review on June 16. The metals selected for canisters were 304L
stainless, 321 stainless, 316L stainless and Incolloy 825 nickel base alloy.
Carbon steel was selected for horizontal borehole liners. These metals are
being used in conceptual design of waste packages and in the corrosion testing
program. When review comments are received, the report will be revised and
published as an LLNL public document. An abstract for poster session was
submitted for tne Materials Research Society meeting in November.

B. Coupon Testing for General and Localized Corrosion

Metal coupon tests are being conducted at different temperatures and in
fluids relevant to a tuff repository. Coupon tests reveal the general
corrosion rate of an alloy as determined by the weight loss experienced during
the exposure period and also indicate susceptibility to localized forms of
corrosion when the exposed surfaces are examined and the pattern of corrosion
attack is described A chief advantage of coupon testing is the comparison of
the performance of one alloy to another under the same environmental
conditions. Also, the time dependence of corrosion can be determined by
periodic removal of specimens, the dependence of the corrosion rate and
corrosion attack made on temperature and chemical variables in the environment
can be determined by performing the coupon test over the appropriate ranges.
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After 1000 hours of exposure time, the first group of specimens were
removed from the 100C test in tuff-conditioned water and saturated steam.
Water from J-13 well was conditioned by contact with crushed Topopah Spring
tuff. A number of different carbon steels, alloy steels, and stainless steels
were tested in the same cell. This would simulate conditions where a carbon
steel (or possibly alloy steel) liner was used in conjunction with a stainless
steel canister. The iron-rich soluble corrosion products from the liner may
have an influence on the corrosion performance of the stainless steel. The
main reason for the inclusion of the following list of steels was to observe
the effect of principal alloying elements on the overall corrosion behavior of
the materials. In many instances, certain of the steels would not be suitable
construction materials owing to the high carbon contents of some of them and
the fabrication and welding difficulties they could present. Triplicate
specimens were used for each alloy. Coupons were nominally 2-inch by 1-inch
rectangles and were fitted with specially made creviced washers so that
incipient crevice attack could be observed.

The coupons were suspended so that some were immersed in the water while
others were exposed to the steam phase at the top of the enclosed cell. The
weight loss of each exposed coupon was determined, and the coupon surfaces
were examined for evidence of localized corrosion both on the creviced surface
and on the freely exposed surface. The corrosion rates (in un/year) were
calculated for each individual coupon and the results are presented in the
attached table.

The results in Table 11 show, as expected that the carbon and alloy steels
corrode at rather low general rates due to rather low oxygen levels in boiling
water. The general corrosion rates on the stainless steel are very small;
many of the values were below the detection limit. The carbon and alloy
steels showed some localized attack, which was most severe in the creviced
region. The 9 Cr - 1 Mo alloy steel behaved like the stainless steels with
regard to its localized corrosion behavior.

Corrosion testing of the reference material, Type 304L stainless steel,
and the three alternative materials, 316L and 321 stainless steels and Incoloy
825, is continuing. Experiments are being carried out to determine the effect
of temperature in the range 50-100C on the general corrosion rate of the
annealed cold worked and sensitized materials in tuff-conditioned J-13 water.
We have purchased a controlled humidity environmental chamber which will allow
us to conduct similar coupon tests above 100C.

C. Electrochemical Approaches to Corrosion Testing

As metallic corrosion is an electrochemical phenomenon, reactions are
activated by electrochemical potential and by temperature. Reaction rates are
therefore amenable to study by measuring the electrochemical current developed
by applying a potential to the metal surface. We use the electrochemical
techniques (collectively called "polarization tests") to supplement the coupon
tests. A polarization test can be completed in a matter of hours, while the



TABLE 11 Corrosion Test Results for Different Steel Coupons Exposed to 100C Tuff-Conditioned Water and Steam
1000-hour Exposure Triplicate Coupons
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coupon tests require weeks and months. As the expected corrosion rates of

stainless steel are small, gravimetric (i.e., weight loss) techniques require
these long testing times. Measurement of small currents is accurate and gives
the same information more quickly.

We use a Princeton Applied Research 350 Unit for the electrochemical

polarization work. We are currently using three different techniques: (1)
Linear polarization resistance, where the potential is scanned + 10 mV from
the corrosion potential; (2) Tafel extrapolation, where the potential is
scanned several hundreds of millivolts in both anodic and cathodic directions
from the corrosion potential; and (3) Anodic Polarization hysteresis, where
the potential is scanned in the anodic direction until breakdown of the
passive film occurs and the scan direction is then reversed. The hysteresis
of the scan indicates the susceptibility of the alloy to pitting and crevice
corrosion attack. The scan rate for all the techniques used here is 1
mV/sec. Disc shaped test specimens are used in a special mounting apparatus
so that 1 cm of surface area is exposed to the test solution.

The results are presented in Table 12. In all cases the "protection
potential" is considerably more positive than the "corrosion potential", which
indicates that these alloys should not be susceptible to pitting or crevice
corrosion in the J-13 water in the 50-100C temperature range. The
corrosion penetration rates (for general corrosion) calculated from the
corrosion current indicates a rather large spread (of small numbers) for the
different alloys over the different temperatures. We are in the process of
evaluating all these data with regard to comparison with weight loss data,
temperature dependence, alloy composition dependence, details of surface
preparation and experimental procedure, time of exposure before polarization,
and the overall reproducibility of results. In general, these corrosion
penetrations rate are higher than those obtained from weight loss coupons
(section 1), but the exposure time before polarization is short (1 hour to 1
day) so that the electrochemical data represent the corrosion rate at that
point in time while the weight loss data represent the average corrosion rate
over the exposure time, which in our case was 1000 hours.

While all of the corrosion penetration rates are small numbers, the

surprising totality of results indicates that the 304L stainless steel
achieves a smaller corrosion rate than the more highly alloyed materials. We
will wait to see if this trend continues in further testing.

D. Stress Corrosion Testing

Stress corrosion testing assumes great importance in the metal barrier

evaluation testing because this form of corrosion often represents a limiting
use condition for the 300 series stainless steels. Further, microstructural
changes and residual stress accumulated from fabrication and welding impact
significantly the stress corrosion behavior; thus, metallurgical process
conditions are key experimental variables in stress corrosion testing.
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Table12- Electrochemical Polarization Test Results for
Different Stainless Steels and Alloys in Tuff
Conditioned J-13 Water
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Table 12 (continued)
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Table 12 (continued)
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300-series stainless steels are subject to two different forms of stress
corrosion cracking (SCC): intergranular and transgranular. Intergranular
stress corrosion cracking (IGSCC) effects are related primarily to
microstructural and compositional differences in the grain boundary region
while transgranular stress corrosion cracking (TGSCC) effects are mainly
associated with high conductivity electrolytes, chloride ion being the chief
provoking species. While the causative mechanisms for the two forms of SCC
differ, many testing aspects are the same for the two forms.

We have received plate stock and welding wire for fabricating stress
corrosion test specimens of weldments of the 304L, 316L, 321, and Incoloy
825. Weldments are being fabricated by filling a J-groove in the sample plate
with the appropriate weld wire in a process simulating a tungsten inert gas
(TIG) or metallized inert gas (MIG) weld that would be used to make the
circumferential and seam welds on the unfilled canister. We are using
standard welding practices regarding the match of filler metal to base metal.
The combinations are: 308L filler for 304L; 316L for 316L; 347 for 321; and
high nickel 135 for Incolloy 825. The welded plate is cut into strips that
are bent in a four-point loading jig (ASTM G-39 test procedure). Specimens
are stressed to 50 to 90% of the room temperature yield stress, the amount of
applied stress being an important experimental variable. The steel width
varies from 1/16 to 1/4 inch. Note that with the four point loading
arrangement, the maximum tensile stress is achieved uniformly between the two
inner loading points (about 5 cm apart). Stress is calculated by measuring
the deflection and using the appropriate bent beam formula. Some of the
weldment strips are then furnace-sensitized to simulate the time-temperature
history of the canister into which borosilicate glass has been poured. In
other cases, strips not containing a weld will be subjected to the same
4-point loading test so that the cold-worked (base metal) and furnace
sensitized (heat affected zone) conditions can be evaluated separately. We
have also added specimens of types 304 and 302 stainless to the test matrix,
not because these are viable canister materials, but because these two grades
will sensitize readily, and prove the validity of the test.

We are formulating a method for evaluating the characteristics of the
upset resistance weld (autogenous welding process - no filler metal used) in
the Savannah River Laboratory Defense Waste Package Facility (DWPF) canister.
We are planning to perform metallographic and hardness traverses across the
weld, and will cut strips for 4-point loaded bent beam tests. Tne soundness
of the weld is being tested by different non-destructive techniques.

As a starting test, racks of stressed strips and weldments are immersed in
J-13 tuff-conditioned water at 90C. We are using a 160 liter capacity tank
which allows for frequent additions of new racks and periodic withdrawals of
the exposed specimens racks for examination of crack initiation and
re-immersion of the uncracked specimens. Because of the survey nature of this
test, we have not yet fixed a total exposure duration for the specimens.

Work under subcontract to PNL is concerned with use of the 'slow strain
rate" technique to evaluate stress corrosion susceptibility. This technique
involves essentially measurement of mechanical properties (elongation,
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reduction of area, etc.) in and out of a corrosive environment and at a
crosshead speed considerably less than that of a conventional tensile test.
The slower crosshead speed allows the re-passivation rate of freshly strained
metal surface to proceed at approximately the deformation rate so that
combinations of alloy microstructural and aqueous environmental conditions can
be evaluated with regard to stress corrosion susceptibility. The specimen is
always strained to fracture, and examination of the fractured surface reveals
the extent of the stress corrosion contribution (brittle fracture,
cleavage-like morphology) to the mechanical overload (ductile fracture,
cup-and-cone morphology).

Tne work is still in progress but results available to date indicate no
apparent stress corrosion susceptibility of 304L in tuff-conditioned J-13
water even for specimens which were heat treated in the usual sensitization
range (600C for 10 hours and air cool). The mechanical properties show
only a slight decrease in ductility and a slight increase in strength for the
"sensitized" condition relative to the annealed condition. Examination of the
fracture surfaces, however, indicates a ductile failure in all tested
conditions. Tests have been performed at 150C (to accelerate the
phenomenon) and will then be performed at 105C (the existing apparatus
requires pressurization to operate). Results available to date are summarized
in Table 13. The completed test matrix will include cold worked specimens and
specimens "sensitized" at other times and temperatures.

Table 13 - Results of "Slow Strain Rate" Tests on 304L Stainless Steel
in Air Sparged, J-13 Water, Conditioned with Ground Topopah
Spring Tuff, 150C
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E. Long-Term Low-Temperature Sensitization

After emplacement in the repository, the canister surface will experience
a lengthy time at temperatures in the range 100-300C. The time-temperature
profile depends, of course, on many factors including waste form, age of
waste, configuration and thermal conductivity of rock and backfill. The
concern here is that during the decades at these modestly high temperatures a
sensitized microstructure may develop. The prior history of the canister may
influence the susceptibility to low temperature sensitization because the
higher temperature processes (hot working, welding, glass pour) may set up
conditions which subsequently favor carbide precipitation at a later stage
even though the initial higher temperature process does not result in a
recognizable sensitized structure. In other words, the "sensitization"
process may be cumulative.

While the effect of the higher temperature processes can be studied by
experimental means, calculational activities are more applicable to evaluation
of the long term low temperature sensitization . We have begun such an effort
to extend the kinetics of the various metallurgical processes to the lower
temperature region. In addition to sensitization effects, per se, (that is
carbide precipitation accompanied by chromium depletion near the carbide) we
are also considering sigma phase function. Sigma phase greatly reduces the
fracture toughness of stainless steel.

The objectives of this study to investigate the kinetics of sensitization
in stainless steels that are candidate materials for the tuff repository
canister are:.

1) Determination of the concerns; i.e., precipitation and diffusion
processes that are detrimental to corrosion and mechanical properties.

2) Cnaracterization of the kinetics of these processes.
3) Development of a computer model to enable simulations of the

time-temperature process history and time-temperature-sensitization
relationships.

4) Evaluation of sensitization to IG corrosion and IGSCC of Type 304L
stainless steel (and ultimately alternative materials).

5) Assessment of the long-term structural stability of Type 304L (and
ultimately alternative materials).

During the past quarter, a review of the literature was begun in a search
for the processes to be considered (e.g., M23 C6 or o-phase
precipitation, chromium re-diffusion), and for usable expressions for kinetics
(nucleation and growth theory). The process of gathering this information,
along with available thermodynamic and kinetics data, will continue.

The first phase of the computer simulation model was developed, and
demonstration runs were made to simulate the sensitization of 304L stainless
steel with respect to M23 C6 formation. The simulations were based mostly
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on experimental, time-temperature-sensitization data rather than actual free
energy data. The results indicate a strong dependence of the time to achieve
a sensitized structure on the experimental activation energies and on the
assumed canister surface temperature in the repository. These preliminary
results underscore the importance of knowing and/or controlling the factors
which in turn influence the activation energy and canister temperature. With
regard to the activation energy, the composition of the alloy and
compositional differences across grain boundaries and in neat affected zones
is of paramount importance.

A survey of the pertinent literature suggests that while welded 304L
stainless steel may have associated corrosion related problems, the
alternative alloys certainly have their attendant problems, too; and in some
cases, their problems are worse. An extra low carbon, low sulfur, low
phosphorus 304-type of alloy may be the best solution to avoid hign and low
temperature sensitization effects. Work will continue on this study with a
report in September 1983. In the meanwhile, the calculational modeling effort
will be directed to:

1) Expand the computer model to consider both nucleation and growth
kinetics of the precipitate phase.

2) Attempt to consider simultaneously the precipitation of M23 C6
carbides and o-phase.

3) Simulate the chromium re-diffusion and/or precipitate dissolution
processes, so that the material may be de-sensitized.

4) Search for evidence in the literature of unanticipated diffusional
growth mechanisms (e.g., dislocation pipe diffusion) that might
reduce the sensitization time at lower temperatures.

F. Corrosion Testing in the Gamma Radiation Field

Gamma radiation emitted by the waste form may be expected to influence the
corrosion behavior of the canister. Radiolytic effects can decompose water to
its elemental constituents, H2 and 02, as well as different compounds and
radicals of H and 0, of various degrees of stability. Hydrogen peroxide
(H202) is the best known of these. Further, gaseous and ionic species
dissolved in the water can undergo chemical changes - ones of particular
concern to corrosion effects are N2 to NO3 with possible hydrolysis to
HNO3 and C1- to C12, C10- and anions of hi her Cl valence state.
Oxidation of N2 to oxides of nitrogen is also a possibility in the vapor
state. Formation of strongly oxidizing species, e.g. HN03 H202, can
cause intergranular corrosion of sensitized stainless steels. Cl-containing
anions can breakdown protective passive films on stainless steel. Atomic
hydrogen can readily enter metallic structures and cause embrittlement. While
hydrogen embrittlement of austenitic stainless steels is rare, the ferrite
present in welded regions is susceptible to hydrogen pick-up. For all these
reasons, the corrosion behavior of our candidate canister materials in a
radiated aqueous environment is important.
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We have underway a test in the LLNL gamma pit facility on coupons of 304L
in the annealed and in the "sensitized" condition (heat treated 600C for 10
hours, air cool). The test is run at ambient temperature (27C) in J-13
water. The stainless steel vessel (304) holds 24 coupons, 12 in each
condition, alternatively arranged so that coupons at the bottom are in rock
and water while those at the top are in water only. The water circulates
through the test vessel and up to the surface at a flow rate of 22 ml/hour.
The water is recirculating. The purpose of the recirculation is to bring an
aerated supply of water to the corrosion test while returning the stable
products from the corrosion and radiolysis reactions.

None of the 24 specimens in the radiated cell or in the unradiated cell
has so far shown any visual or weight loss evidence of general or localized
corrosion. The test is nearing 4000 hours of operation.,

The pH of the effluent water is measured periodically. The results are
summarized in Table 14. The fluctuation in pH appears to follow a slight
downward trend, but all values are in the measured pH range of J-13 water. If
nitric acid were formed from nitrogen, it appears that the alkaline species in
the water tend to neutralize it. Oxygen measurements in the effluent water
have been attempted and range from 2.2 to 4.6 ppm 02. These values are less
than saturation for the temperature. A more reliable instrument is on order
and will be part of an analytical instrumentation package for the gamma pit
upgrade.

Equipment modification of the gamma pit facility at LLNL is continuing in
preparation for experiments at higher temperatures. Gamma flux and transport

Table 14 pH of Tuff Conditioned J-13 Water for
Radiation Corrosion Studies.
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calculations consistent with the sample configuration relative to the
cobalt-60 source in the LLNL gamma pit were completed.

Preliminary analysis indicates that a gamma does rate of 105 rad/hr can
be readily achieved in the positions available for corrosion testing.
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Subcontract work at PNL concerns radiation corrosion tests at higher'
temperatures, 150C and 105C. A three month test of 1025 carbon steel
and 9 Cr-l Mo alloy steel will be completed in early August. Preparation of
specimens for this test had been made before selection of 304L stainless steel
as the leading candidate material; however, carbon and alloy steels are
credible liner materials whose corrosion performance needs to be addressed.
An array of 304L flat coupons and U-bends, both in the annealed and sensitized
conditions will be emplaced in their gamma pit. Rock will be present in the
cell and water will be flowed at a slow rate (35 ml/hr) and the system air
sparged. Some sensitized 304 coupons will also be incorporated into the test
coupon array.

G. Concentrated Electrolyte Effects on Corrosion

The corrosion performance of 304L stainless may be severely reduced if an
electrolyte much more concentrated than the J-13 water composition develops on
the canister surface. We are in the process of designing a sealed tubular
specimen which is heated by a resistance element from the inside. Surface
temperatures above 100C will be maintained on the tube surface which will
then be placed in water or moist air. Corrosion effects on the heat transfer
surface can then be studied and the concentration of species from boiling J-13
water can be measured. A prototype 1/4-inch tubular specimen, about 3-inches
long has been fabricated and is currently being tested.

H. Failure Analysis of Metallurgical Components from the Climax Spent Fuel Test

The Waste Package Metal Barrier Testing Group has been investigating the
failure of certain metallurgical components from the Climax Spent Fuel Test.
Four super-invar extensometer rods cracked in the threaded sections where they
were fastened to anchor bolts Other metals (copper, zinc-plated steel and 304
stainless steel) were thus in contact with the super-invar and the surfaces
were wetted from the humid atmosphere and collection of water in the bottom of
the anchorage. The cracked surface resembled a typical stress corrosion
cracking (SCC) pattern and the adjacent position of dissimilar metals
suggested a galvanically induced SCC failure. Further, the super-invar
surface appeared to be heavily cold-worked and oxidized, a factor which may
contribute to the failure. (Super-invar is an iron-base alloy containing
about 30% Ni and 5% Co. It possesses an extremely low coefficient of thermal
expansion).

We are attempting to reproduce the failure in the laboratory. Stressed
specimens of as-fabricated super-invar are immersed in Climax mine water with
and without galvanic coupling to the other metals. Temperature is maintained
at 50C which was typical for the location of the extensometer rods.
Specimens are stressed to 50% of the yield stress. We are also determining
the separate effect of the as-fabricated surface compared to a machined
surface and the corrosion rate of unstressed super-invar with and without
galvanic coupling. One of the machined surface stressed super-invar rods
recently broke. This rod was connected to copper and failed after 22 days of
exposure. We are performing the fractography on this specimen.
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Backfill

A. Properties Testing of Potential Backfill Materials (Tuff)

We have worked on establishing a realistic maximum temperature limit for
the repository rock. Present data indicate that the lowest temperature at
which any potentially detrimental effects would occur in the welded,
devitrified Topopah Spring tuff (Tpt) is the temperature at which the
cristobalite phase inversion occurs. Published data show that the transition
temperature is 2180C and is accompanied by a volume increase of 3.8%. To
stay safely below the transition temperature, the near field temperature limit
should be set at about 200C. This limit should be considered as temporary,
pending an investigation of whether the phase inversion causes any detrimental
effects in the rock. If no detrimental effects are found, the limit should be
raised to a higher value.

A report by J. Byerlee, et al. (USGS, Menlo Park) on permeability of the
Bullfrog tuff in a temperature gradient was sent to NV for review prior to
publication.

An experiment was designed to investigate the dehydration and resaturation
rates and mechanisms of Tpt tuff, and experimental work has started. The Tpt
tuff being used has approximately 4% porosity as determined by forcing water
into the rock with a light overpressure at room temperature. Initial rock
density was 2.26 g/cm.

An experiment has been started to determine the effect of the experimental
method employed on the value of porosity determined for Tpt tuff samples.

Modeling/Performance Assessment

A. Thermal Modeling - Fire Test Analysis

A computer-simulated fire test analysis was performed using TAC02D [l], an
implicit finite element heat transfer code, on a canister containing BWR spent
fuel. BWR spent fuel was chosen for the analyses over the other waste forms
under consideration since it has the highest thermal loading (3.42 kW/pkg.)
An 800C constant temperature boundary condition was applied to the outer
surface of the canister for a period of 15 minutes.

The model geometry is shown in Figure 1. Note the internal heat
conducting fins which run horizontally through the waste. In reality these
fins would run in a vertical direction as they also serve to contain the rods
in separate intact fuel assemblies. However, in order to model the problem in
the less complex axisymmetric mode (i.e., 2D verses 3D), the fins were input
in the horizontal direction with the equivalent total volume as would be found
in the reference canister. Each of the air spaces shown allowed for thermal

[l] Burns, Patrick J., "TAC02D - A Finite Element Heat Transfer Code,
UCID-17980 Rev. 2, Lawrence Livermore National Laboratory, January, 1982.



Figure 1 - 2D AXISYMMETRICAL MODEL USED FOR THE FIRE TEST SIMULATION
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radiation, convection and conduction by means of an equivalent thermal
conductivity. An effective thermal conductivity was also used for the spent
fuel as suggested by the Westinghouse Report [2].

To accurately analyze the problem the initial temperatures throughout the
canister had to be known. In order to accomplish this, the problem was first
run with a natural convection boundary condition of 5 W/m4 - OC coupled
with thermal radiation to a blackbody at 22C. The problem was run until a
steady state condition resulted. The temperatures of the package were then
input as the initial temperatures for the simulated fire test with the new
800C constant temperature boundary condition applied.

Figure 2 shows the results of the TACO2D fire test simulation. The upper
curve shows the temperature history of a typical node located in the air space
directly above the fuel rods. The maximum temperature reached in 15 minutes
was 780C. The middle curve represents the top of a typical Zircoloy clad
fuel rod. The top of the fuel rod reaches a temperature near 630C in 15
minutes. The lower curve represents the temperature history of the node at
which the highest initial temperature occurred. As can be observed the
geometric center of the fuel rod bundle was not affected in the relatively
short time of the fire test.

For a temperature of 780C the air inside the canister would be at a net
differential pressure of 37.8 psig. This internal pressure produces a maximum
stress of 5900 psi in one inch thick 304L SST canister end caps, which is well
below the yield strength of 12000 psi (at 800C). The possibility does
exist however, that the Zircoloy cladding on the helium-pressurized spent fuel
rods (up to 33 atm. for PWR rods) could burst at temperatures approaching
800C. With bursting assumed, the pressure in the canisters was calculated
to be 149.3 psig which produced a stress in the 1 inch end-caps of 20,100 psi.
If the end-caps are thickened to 1 1/2 inches then the stress is calculated to
be 9000 psi. The stress in the end-caps is limiting.

[2] "Conceptual Waste Package designs for Disposal of Nuclear Waste in Tuff,"
AESD-TME-3138, Westinghouse Electric Corporation, September, 1982.



SELECTED TEMPERATURE HISTORIES FOR THE COMPUTER SIMULATED FIRE TEST
OF A BWR SPENT FUEL PACKAGE (INITIAL POWER OF 3.42 kW)
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A number of conclusions were drawn as a result of the simulation. (a) The
problem of canister burst in a fire which heats the vessel to a temperature of
800C is easily overcome by design. (b) Titanium and zirconium in thin
sections may be unsuitable as canister materials since their yield strengths
are about 1000 psi at 800C. (c) The heat generation rate of the fuel is
very low compared to the heat input rate of the fire and does not affect the
problem other than to establish initial temperatures. This would hold true
for the other waste forms as well since they begin with a lower thermal
loading than spent fuel.

B. Thermal Modeling - Temperature Histories of Waste Packages
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TEMPERATURE HISTORIES OF WASTE PACKAGE COMPONENTS AND HOST ROCK
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TEMPERATURE HISTORIES OF WASTE PACKAGE COMPONENTS AND HOST ROCK
FOR VERTICALLY EMPLACED BWR SPENT FUEL (TACO2D AXISYMMETRIC MODEL)
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TEMPERATURE HISTORIES OF WASTE PACKAGE COMPONENTS AND HOST ROCK
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A TACO2D temperature history calculation out to 1000 years was completed
for a DHLW package in the horizontal emplacement configuration. The model was
for a 50 kW/acre areal power density with a 304L SST canister and overpack, a
carbon steel borehole liner and for ten year old waste with an initial power
of 0.68 kW. The package pitch for the 81 cm diameter canisters was 3.5 m and
the borehole pitch was 11.4 m.

Since a two dimensional infinite cylinder model was used, the results
shown in Figure 5 would be representative of a typical canister toward the
center of the repository. Tnose packages at the edge of the repository would
have cooler profiles. The peak centerline temperature of the waste was near
163C, well below the design limit of 500C. It is clear that either the
packages could be made larger or the areal power density increased, or both,
without compromising the 500C peak centerline temperature for DHLW or the
LLNL-proposed 200C temperature limit for tuff in the near field (within one
meter of the borehole surface).
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D. WAPPA Data Base

Implementation of the WAPPA data base editor was begun. A translator has
been written to allow an existing editor (ACFED) to operate on the WAPPA data
file. Data is organized in tabular form by entities; that is, those
components which comprise the waste package (e.g., waste form, metal, gas,
fluid, etc.). Corresponding to each entity is a listing of those material
properties which characterize the component. Commands have been implemented
to ADD, CHANGE and DISPLAY data, using the editor to access the appropriate
entry in the data file. Features of the data editing system include:

-- free-form input; the value input for each parameter will be stored
with the proper location/format in the data file.

-- reference capability; the values assigned to each input parameter can
be cross-referenced to a citation file. This will provide a
mechanism for quality control checks of the data sources.
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and without a backfill, and the effect of drift spacing for vertical
emplacement. The costs include not only the direct costs associated with
manufacturing the waste package, but also the incremental mining and drilling
costs which are expected to be a function of the specific waste package
design. No attempt was made to include those repository costs that will not
depend on the specific waste package design. Thus, the calculated waste
package costs are lower than what would be expected if all the repository
costs were included.

The canister and overpack costs are estimated by first calculating the
costs for materials and fabrication and then adding a 50% increase to the
estimated costs for quality assurance, research and development, profit, and
general administration and overhead. This 50% factor was chosen based on cost
estimates generated by Westinghouse.

Thermal calculations indicate that for spent fuel (SF), a loading of 3420
W/WP can be used if there is no backfill. However, if backfill is used, the
Thermal load must be lowered to approximately 2280 W/WP. This assumes that
the temperature of the spent fuel rods must not exceed 350C. Since a
decision has not yet been made as to whether a backfill is needed, both cases
have been calculated.
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configuration leads to waste package spacings of 40 and 10 ft respectively for
the package with a thermal load of 342J W/WP and 26 and 13 ft respectively for
the package with a thermal load of 2280 W/WP. However, there is a thermal
limit that has yet to be determined. As the packages are spaced closer
together along a drift, they will probably have higher internal peak
temperatures even at the same GTL. Spacing the drifts further apart will
probably only partially compensate for the closer package spacing. This will
place a practical limit on how close the higher power packages (SF & CHLW) can
be placed, and this limit will have to be calculated.

However, drift spacing is not anticipated to be a major issue for DHLW
where the loading limits are determined by the physical spacing requirements
for drilled noles and drifts rather than by thermal loading limits.

3. The cost of backfill is between $15,000 and $25,000/WP, depending on the
secific waste disposal design.
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Waste Package Design

A. Criticality Safety Analysis

A survey of the extensive literature on analysis and testing of the
criticality of fuel rod arrays was completed. A group of 11 possible
configurations of NNWSI spent fuel canisters at various time periods is shown
in Table 15. From this we have selected four for analysis (1,2,6 and 10).
These four represent the configurations expected to be typical or to have tne
highest values of keff.
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Table 15

Potential Configurations
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B. Assembly Drawings for Emplaced Canisters

A set of drawings has been prepared representing the current waste package
conceptual designs for the unsaturated zone of the NWSI repository. Since the
detailed regulatory requirements for waste package design are not yet firmly
established, these concepts are designed to meet LLNL's interpretation of
developing federal regulations.

Four of the drawings represent the reference DHLW, CHLW, and SF conceptual
designs in vertical unlined boreholes. ALso vertical borehole alternate
concepts with overpacks and backfill are represented in the drawing set.
Alternate conceptual designs are represented on the remaining drawings, which
include DHLW, CHLW, and SF canisters in lined horizontal borenoles (see
Figure 6); with and without overpacks; and with and without backfill.
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FIGURE 6 Canister for Horizontal Borehole Emplacement
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Table 16
Primary Features of Waste Package Designs
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SUB-TASK 1.2.4 AND 1.3.2.2.1 - EQ3/6 DEVELOPMENT
D. Isherwood/T. Wolery, P1

The geochemical modeling group expanded this quarter with the addition of
three new members. Dr. Ken Jackson, who recently received his Ph.D. from
UC-Berkeley, joined the group on June 1. Dr. Joan Delany, formerly of LBL,
started with the group on June 15. In addition, David Axtell, a graduate
student from the University of Colorado, began work on May 31 as a summer
employee.

It will be several months before Jackson and Delany receive their
clearances, which is necessary for access to our main computer system. We
have arranged for them, to work in the meantime on the 7600 and Cray computers
at the National Magnetic Fusion Energy Computer Center, which is an
unclassified facility on the LLNL. site. We successfully transferred EQ3/6 to
this system in June. We also linked an IBM PC to the MFECC system, using the
PC and its printer as a local, unclassified workstation. A few bugs remain,
but this system is now working reasonably well.

We received SOLUPECT, an En-pH diagram generating code that was originally
written at Penn State. This code was modified to run on the LLNL system.
SOLUPLOT will be used to help aid in evaluating the thermodynamic data bases
we are compiling for the various elements of interest to the waste program.

The EQ6 code was modified in several ways to facilitate modeling of
tuff-water interactions. The code was originally written to precipitate
minerals whenever they supersaturated. Precipitation of specified minerals
could be suppressed by the user. In the tuff-water interactions experiments
very few secondary phases are formed, apparently in part because of the
relatively short times involved. To be consistent with the data requires
suppressing precipitation of a very large number of potential secondary
phases, mostly aluminosilicates. In order to handle this problem, we added
subset selection options to suppress whole groups of minerals. We also added
options to specify exceptions. It is now possible to easily specify a small
subset of secondary phases that are permitted to form.
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We added and successfully tested a preliminary capability to model a
geochemical reaction in the presence of fixed partial pressures of gases Such
as 02 and CO2. The purpose of this capability is to extrapolate
successful models of the tuff-water interactions experiments to such
conditions, which might more accurately represent the interactions that will
take place in the near-field vicinity of a tuff waste package emplaced in the
unsaturated zone. This code capability is in a preliminary stage requiring
the presence of these gases in the mineral array of the data base. This is
not a suitable permanent arrangement because of QA requirements on the data
base.

We generated new models of the interactions experiment between crushed
Bullfrog tuff (Batch A) and J-13 groundwater at 150C. Reasonable models
permit only calcite and Ca-smectite, perhaps with small amounts of K-feldspar
and albite, as secondary minerals. Formation of the latter two is equivalent
to recrystallization of the two primary (reactant) feldspars to more stable
forms. It appears from the modeling that some Ca-smectite must form, though
it was not reported as detected in analysis of the reaction products. The
water at the end of the experiments is about saturated with cristobolite,
sanidine and plaginclose or supersaturated with quartz. In addition to these
primary mineral, the water is supersaturated with many potential secondary
phases.
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A rough draft of the input file section of the EQ6 user's guide/code
documentation report was written in May. This has not been revised in a
clean enough form for outside distribution. The EQ3NR report is nearly
through the LLNL TID system and should be published and distributed before
the end of September.

Dana Isherwood and Tom Wolery met with Al Ogard and Jerry Kerrisk at
LANL on June 20 to discuss scheduling and priorities for upgrading and
developing the EQ3/6 data base for NNWSI. These discussions were based on
Jerry's list of potentially important isotopes that he put together based on
the recent EPA guidelines. We also considered elements that might be
important as release products of cladding, canister, and waste form, as well
as elements found in NTS groundwater.

Elements classified as low priority were Cm, Sm, Cs, Se, Ni, Nb, Pb, Cr,
and Co, in that order (Cm is the most important, Co the least). We assigned
responsibility for developing data bases for individiual elements on the
basis of personal interest and time constraints. We each agreed to
distripute these data bases to the other laboratory as they are developed
or upgraded. LANL recently sent us the Mn and Sr data bases and we will
soon De sensing LANL recent upgrades of the U and Pu data bases. Jerry
Kerrisk requested that the latest versions of MCRT (the data base processing
code) and EQ3/6 be sent to LANL as soon as possible.

Al Ogard raised the issues of verification and validation during this
meeting. He was concerned with comments he's been receiving from NRC and
others that EQ3/6 is not verified or validated. He needs to have a document
that is clearly identified as a verification/validation study of EQ3/6. Tne
user's guides/code documentation reports about to be published (the EQ3NR
report), in, preparation (the EQ6 report), and planned (the MCRT report) will
partially meet this need. We agreed that an additional document should be
writtten that will specifically answer questions related to verification/
validation of E03/6. The work being done on modeling tuff-water
interactions will also help when reports on it are issued. In the meantime,
we need to agree on what constitutes an acceptable verification or
validation study for a geochemical code.

We recently received two reports from ONWI written by INTERA
Environmental Consultants which concern EQ3/6. ONWI-472 addresses the
applicability of EQ3/6 to nuclear waste disposal performance assessment.
ONWI-473 presents the results of a head-to-head comparison of EQ3/6 and the
U.S.G.S. code PHREEQE. We will assess the significance of these reports to
the verification/validation issues that pertain to EQ3/6.

SUB-TASK 1.3.3.6 - BOREHOLE MAGNETOMETER
Roger Stager, PI

Funding for development of the Boreole Magnetometer as revised was
approved by NV and LLNL started development during this quarter.
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A G-846 magnetometer was purchased from EG&G Geometrics to be used
during the electronics design phase.

R. Stager met with Ross Johnson and Robert Crawford from EG&G Geometrics
to discuss potential problems with the design of the down-hole package.

A meeting was held with Richard Fenster from Birdwell to further define
design specifications. Richard indicated that we can purchase a tool head
from Birdwell and that should help simplify the ME design. A meeting also
was held with Mel Millet of LLNL-Nevada to discuss his experiences with a
similar tool.

SUB-TASK 1.7.2.1 - SPENT FUEL TEST-CLIMAX
W. Patrick, PI

Fuel Handling Operations

Spent fuel retrieval operations were completed this Quarter with the
removal of fuel assembly S/N D01 from, CEH10 on April 6, 1983. This assembly
was returned to lag storage at E-MAD on April 7. The Underground Transfer
Vehicle (UTV) and canister lowering system were mothballed in Area 15.
Mothballing included greasing, coating with rust inhibitor, and other
actions to minimize tne degradation of these systems should they be required
in the future.

Following the same philosophy, the Surface Transport Vehicle (STV) was
recertified and mothballed in the Area 25 firehouse. The front wheel
bearings were found to be scored during this inspection and were replaced.
In addition, we have identified two additional tractor rigs capable of
safely transporting the cask and trailer to preserve this capability, should
it be required in the future. This action was taken in response to the
frequent minor, but time consuming, problems which were observed in the
current tractor during retrieval operations.

A detailed letter report on spent fuel retrieval operations and a
companion LLNL Health and Safety report were completed and forwarded to NV.
These reports conclude that retrieval operations progressed as planned, with
minor exceptions, and that no unanticipated or unacceptable radiation
exposures were received by the workforce.

Field Systems

With the arrival of summer, numerous air conditioner failures were
experienced. Both air conditioner/humidification systems in the computer
room failed: one due to a leaky pressure switch, the other due to a faulty
control board. Required repairs were made by the Las Vegas representative
of the POMONA Company. The air conditioner in the surface UPS
transportainer also failed. The faulty compressor was replaced by REECo
personnel.
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The Node 200 disc has experienced several "drive faults". Remedial
actions were taken, including realignment of the disc head and an index
transducer, but an additional drive fault has occurred. No data are being
lost because Node 100 is configured to scan Node 200 when the latter unit is
malfunctioning.

The quality of leased-line communications between LLNL and Area 15 at
NTS continues to be a problem. Repeated discussions with telephone company
personnel has brought some respite in the past, but identification of a
definite cause and a permanent solution have been elusive even after several
rounds of testing the circuits.

The ventilation system has been reconfigured to produce a relatively
rapid cooling of the test facility. The two centrifugal fans utilized
during the storage phase of the test are now configured in series and
exhaust air only from the center canister storage drift. The ventilation
lines in the two heater drifts were extended and connected to a Sutorbilt

clower (previously used during facility construction). By closing the
heater drift ventilation louvers, we are able to ventilate only these drifts
with the Sutorbilt. After repairing the corroded sections of this
ventilation line, ventilation rates of about 3660 cfm to each of the heater
drifts and 6700 cfm to the canister drift were obtained. Tnis represents

about 2-1/2 times tne storage-phase flow rate through the facility and is
producing a rapid cooling of the underground environment.

A thorough inspection of the personnel and materials shaft revealed
several areas of deteriorated wooden lagging materials. The deterioration
was confined to areas behind the shaft guides where inspection is difficult
and where air flow is so restricted that water accumulates and saturates the
timbers. The deteriorated lagging was removed and replaced by REECo
personnel.

Mandatory nondestructive testing of the SFT-O hoist and headframe was
accomplished this quarter. The spent fuel canister lowering system (CLS)
was not subjected to NDT because there is no scheduled future use for tne
system and NDT's are required on a periodic basis. Should the CLS be needed
in the future, it will first have to be subjected to NDT.

Post-Retrieval Plans

We are now pursuing the post-retrieval activities outlined in the SFT-C
Test Completion Plan. The key elements of this plan are:

o Monitor displacements and stresses resulting from cooling for 6
months (second half of FY 1983).

o Conduct post-test core drilling to:

- Determine in situ stresses and modulus at elevated temperature
(4tn quarter FY 1983).
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- Obtain samples of rock near guard heaters to evaluate thermal
effects (4th quarter FY 1983).

- Obtain samples of rock near canister emplacement holes to
evaluate thermal and radiation effects (1st quarter FY 1984).

o Recalibrate and evaluate reliability and performance of
instrumentation.

o Obtain and analyze metallurgical samples for corrosion and for
evidences of chemical changes induced by the test environment.

o Complete detailed analysis of pre-test and post-test cores from
storage holes (late-FY 934). Analyses to include mineralogy,
microstructure, strength, and elastic modulus of Climax granite.

o Decommission field facilities and end routine access to the
subsurface facilities by the end of FY 1984.

o Complete laboratory testing and documentation of test results by
mio-FY 1985.
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head assembly, as is currently done. Welding of components has been
eliminated to avoid the warping which appears to have plagued the previous
design. A formal internal design review is scheduled for late July, in
accordance with our QA plan.

A fourth superinvar connecting rod from a borehole extensometer failed
this quarter. The rod was recovered and visually examined. The mode of
failure and the presence of corrosion products is similar to that of the
previous three, indicating that the previously identified stress-corrosion
cracking mechanism was again operative. Evaluation of the four failed rods
is in progress. A proving-ring loading fixture has been designed and
fabricated to be used in accelerated testing of the Superinvar. Test
conditions are now being established and the required metallic, rock, and
groundwater samples have been obtained for use in these tests. The present
hypothesis is that irregularities induced in the rod surface during the
forming process were responsible for initiation of the observed stress
corrosion cracking. To test tnis hypothesis, rods in the "as received"
condition and rods from which the mill finish has been machined will be
tested.

Temperature measurements

The results of the post-test calibrations of 204 cnromel-alumel (type K)
thermocouples deployed on the canisters and liners were tabulated and
analyzed. Table 1 displays the pre-test and post-test data which indicate
the excellent performance of these devices.

Table 1. Results of pre- and post-test thermocouple calibrations.
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Three of the 204 TC's inspected during the retrieval operations were
found to be corroded. Two were corroded to the point that they broke upon
removal for post-test calibration. A routine check of the metal chemistry
prior to metallurgical analyses on two of these units revealed that the
sheathing material was stainless steel -- not Inconel 600 as specified in
our purchase order and as confirmed by the manufacturer's certification of
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chemical analysis. Additional samples of two other TC's were obtained from
the field and were analyzed -- these were Inconel 600, as specified. It
appears at this time that an unknown (though probably small) number of
stainless steel sheathed type K TC's was comingled (by the manufacturer)
with our lot of Inconel 600 sheathed units. We are continuing to examine
the extent of this occurrence. It is important to realize that no loss of
data, either in terms of quality or quantity, has been identified to have
resulted from this occurrence.

Acoustic emissions and wave propagation

Activity during the quarter started at a high level (1-2 events/day) and
decreased 1-2 events/week) by the end of June (See Fig. 7). The events
that occurred were of the "Type 1", with clearly defined P- and S-waves with
dominant frequencies from, 7 to 12 Khz. The high activity soon after the
heaters were de-energized and spent fuel was removed indicates that there is
a relatively large area affected by the thermal unloading. That is,
although the temperature effect is small over a large volume, the stress
change propagates quite rapidly. The events occurred primarily in the north
pillar of the repository area between sensor AE #2, AE *5, AE #3, and the
canister drift. Tne stress drops calculated for these events are 20 - 50
bars. Movement tensor inversion yields a at axis in the NE-SW
direction, c2 horizontal in the NW-SE, and 3 nearly vertical
(al, > 2 > 73)-

A new version of the Automated Seismic Processor (ASP) with moment
tensor and Wadati analysis capabilities was installed this quarter. This
will allow more reliable fault plane estimation and principal stress
analysis.

(a) Amplitude studies

The S/P wave sector continued on the same trend as the previous
quarter, however, there seems to be a "flattening out" of the values and
there has not been a return to pre-heated conditions. This may indicate
that there may be a long term, possibly, permanent, chance in the ratio of
bulk modulus to shear modulus within the heated rock zone. The reference
path has remained relatively staple throughout time, even though it too has
been heated to some extent. Tne complete disappearance of the P-wave for
path AE 13 to AE 5 after de-energizing the heaters indicates that the rock
has locally lost its ability to transmit P-waves. The S-wave amplitude at
AE 5 has also decreased, but only slightly compared to the P-wave
amplitude. This effect also shows up for AE events recorded at AE 5 as
well, indicating it may be local to AE 5.

In previous quarters there was no detectable change in the
propagation times between the reference sensor and the AE sensors throughout
the canister region. In March, a sensor was placed in CEH 09 immediately
(within 24 hrs) after the spent fuel was removed. This was to determine if
velocity changes could be detected soon after the thermal load was removed.
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Over the last 3 months, there was a small (6 to 7%) decrease in P-wave
velocity between AE 13 and CEH 09, then a tendency for a return towards
preheated conditions. It is not clear why the velocity should increase.
Further monitoring in the next quarter will determine if this is a long-term
effect.

Thermomechanical Calculations

Analytical calculations were performed in support of the design of a
large diameter (0.61m) borehole deformation gauge. These calculations were
sufficient for design purposes, but more refined calculations are required
for comparison with measured borehole responses.

A mesh containing 140 nodes with 111 four-node elements, modeling
one-fourth of a canister emplacement hole was generated. Temperature
histories were assigned to the nodes based on 3-D TRUMP post-retrieval
response calculations. The stress boundary histories were likewise obtained
from previous ADINA post-retrieval reponse calculations. Typical contours
of stress are shown for a portion of the mesh in Fig 8 for times (fuel
ages) 5.5, 5.6, 5.8, and 6.0 years out of core. These correspond to 0, 0.1,
0.3, and C.5 years after retrieval. Fig. 9 shows the calculated borehole
displacements occurring during the first 0.9 year following retrieval of the
spent fuel and other thermal sources. Note that the peak displacement of
0.065mm is similar to the 0.084mm calculated using analytical solutions.
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Fig. 7 History of Acoustic Emissions Activity
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Fig 8 CONTOURS OF STRESS PARALLEL TO TUNNEL AXIS AT VARIOUS
TIMES DURING COOLDOWN
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Fig. 9 Spent Fuel Canister Hole Diameter Change from Cool Down
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Geological Investigations

In situ stress measurements

We accelerated the planned July initiation of drilling activities to
late May. This was possible because of economies of time and support
manpower during the retrieval operations.

To accommodate the accelerated drilling program, negotiations for a
stress measurements contract were initiated in May and completed early in
June with Foundation Sciences, Inc. (FSI) of Portland, Oregon. The FSI and
LLNL field teams were mobilized to begin stress measurements June 13. Two
REECo core drilling crews and two Longyear 34 rigs were already set up in
the underground facility where they had been overcoming auxiliary heater
holes to obtain post-test samples. Two of four such overcore samples have
been obtained the others being deferred until the stress measurements are
complete.

Stress measurements were initiated in the first of two locations in each
pillar. The object of these measurements is to provide secondary stress
profiles through each pillar at two locations and to augment the profiles
with three-dimensional state-of-stress data at selected points. In addition
to providing data on the post-storage state-of-stress, we anticipate that
these measurements will increase our understanding of the controversial
results obtained during the "mine-by" experiment. (During that experiment
the pillars were observed to become narrower when the canister drift heading
was driven; contrary to pre-test and every attempt at post-test
calculations. A shedding of load from the pillars to the abutments was
hypothesized, but has not been calculated and insufficient stress data were
available to support the hypothesis).

Stress measurements are also planned to determine the profile of stress
outward from the south abutment of the south heater drift into the
unperturbed region. Two overcore holes drilled outward from the taildrift
will complete the set of three noncoplanar holes required for a
determination of the three-dimensional state-of-stress with the U.S.B.M.
gauge. This determination will be augmented by independent
three-dimensional stress measurements using the CSIR0 cell.

The drilling water heater/controller system described last month is
fully operational and is seeing successful application at this time. The
need to control water temperature to minimize the effects of thermal
excursions on the apparent state-of-stress in the rock was established using
analytical solutions. A series of finite element calculations are now
underway which will account for variations in temperature distributions in
the rock and for the influence of changing degrees of confinement as
overcoring proceeds.
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At this writing, one series of measurements is completed in the south
drift pillar, one series is half done in the north drift pillar, and the
first measurement has been made in the south drift abutment. A third drill
rig (Longyear 44) has been mobilized so drilling of the two taildrift holes
can proceed as a "fill-in" activity, thereby minimizing the standby time the
drillers would otherwise experience during the preparations for stress
measurements.

Petrology and mineralogy

Petrographic and chemical analyses of record cores began this month.
These cores were obtained near the canister emplacement hole walls prior to
drilling of these holes and initiation of storage. These data will provide
the baseline against which potential temperature and radiation effects in
the post-test cores will be compared. The first set of sections have been
prepared and are being analyzed.

Geological data analysis

A computer program was developed to draw points, small circles, and
great circles on equal-angle stereographic projections. This program is
utilized in analyses of structural geology data and of blind zones present
in exploratory borings and fracture mapping. The program is interactive and
produces publication-ready graphical output.

Data Acquisition and Management

The SFT-C data on tapes 64-70 were merged into the set of over 900
individual instrument files. The addition and replacement of several new
instruments required expanding and updating the data directory in which the
data are archived. The data set is now complete through April and contains
nearly 7.7 x 106 data entries.

Quality Assurance Activities

A quality assurance (QA) audit of the SFT-C data stream was conducted by
a representative of the LLNL QA office and the leader of tne K-Program
Division. Tnis audit investigated the credibility and traceability of test
data from the instrument transducer through plotting and reporting. Results
of the audit were highly favorable. No "findings" (indicative of serious or
widespread problems) were reported and the "observations" were minor and
have been responded to already.

The QA documents generated during the fuel retrieval operations have
been reviewed for completeness and forwarded to the PQE for inclusion in the
project QA files.

A Nonconformance Disposition Record was filed in response to the
discovery of stainless steel, rather than Inconel 600, sheathing on two
thermocouples (see "Temperature measurements" above).
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Technical Reporting and Public Information Activities

Reports in publication process this quarter:

* "Rock Core Logging Techniques, Spent Fuel Test-Climax, Nevada Test
Site", D. Wilder, J. Yow, Jr., R. Thorpe, UCRL in preparation.

* "Spent Fuel Test-Climax Data Acquisition System Operations Manual",
R. A. Nyholm, UCID in preparation.

* "Structural Geology Report - Spent Fuel Test-Climax", D. Wilder, J.
Yow, Jr., R. Thorpe, UCRL in preparation.

* "Drilling-Induced Borehole Wall Damage at Spent Fuel Test-Climax", H.
Weed and W. Durham, UCID-19672, December 1982.

* "Spent Fuel Test-Climax Technical Measurements interim Report FY82",
W. Patrick, L. Ballou, T. Butkovich, et. al., UCRL-53294-82, in
preparation.

* "The Application of Proving Ring Technology to Measure Thermally
Induced Displacements in Large Boreholes in Rock", W. Patrick, N.
Rector, and T. Butkovich, UCRL-88933 in preparation and submitted for
consideration to the 5th International Congress on Experimental
Mechanics.

Reports published/presented this quarter:

* "Handling Encapsulated Spent Fuel in a Geologic Repository
Environment", L. Ballou, UCRL-97872, presented at the International
Conference on Radioactive Waste 'Man agement, Seattle, May, 1983.

* "Reliability of Instrumentation in a Simulated Nuclear-Waste
Repository Environment", W. C. Patrick and N. L. Rector, UCRL-88806,
published, to be presented at the International Symposium on Field
Measurements in Geomechanics, Zurich, Switzerland, September 1983.

* "Planning Exploratory Drilling: The Effect of Blind Zones and Level
of Logging Effort", J. Yow, Jr. and D. Wilder, UCRL-88374, published,
and presented at the U.S. Symposium on Rock Mechanics, June 1983.

Presentations

* "Deep Underground Storage of Spent Reactor Fuel", K. Raschke and T.
Straume, was presented at a poster session of the Health Physics
Convention in Baltimore, June 20-24, 1983.
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The following tours were conducted of the SFT-C site during this quarter:

* 4/4 B. Erdal, LANL, J. Kim, Belguim, and F. Baumgartner, Germany (3)

* 4/8 Radiological Health Physics, San Diego State University (45)

* 4/12 Members of Commission of European Comminity (10)

* 4/13 R. Ide, LLNL, and Harold Glaser, Assistant to President of
University of California (2)

* 4/19 John Glisch (Review Journal reporter); Leo Scully with 4 SNL
personnel; D. Collins and 2 LANL personnel (9)

* 4/26 Training Staff Inner-Service, Nuclear Weapons Service (8)

* 4/28 W. Bittorf, Germany (3)

* 4.28 L. Talbot, LLNL Safety Audit (1)

* 4/26 LANL Progammatic (3)

* 4/29 International Association of Business Communicators (45)

* 5/2 Nevada Business Groups (20)

* 5/3 Loyal Order of Moose, Pahrump, NV (45)

* 5/10 Richard Harris, Tri-Valley Herald reporter (1)

* 5/10 J. Bradbury, DOE, and K. B. Glitch, REECo (2)

* 5/13 M Benjamin, National Corrrspondence, Washington Post (1)

* 5/19 H. Lamonds and EG&G Washington Analytical Services Center
Management personnel (7)

* 5/19 F. Spenia, REECo, and Rockwell personnel (5)

* 5/20 Toiyabe Chapter of Sierra Club (33)

* 5/25 K. Ikeda and H. Tasaka, Japan (2)

* 6/3 Kenneth Chrysler, U.S. News and World Report, Canada (1)

* 6/6 American-Water Works (90)

* 6/7 American Water Works (90)
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* 6/7 57th Fighter Wing, Detachment #1, Indian Springs, and
Dependents (45)

* 6/7 Edith Barker, Legislative Assistant to Congressman Harry Reid (1)

* 6/8 Jacques Removille, Luxembourg (1)

* 6/13 57th Fignter Wing, Detachment #1, Indiana Springs, and
Dependents (45)

* 6/13 Texas Low Level Radioactive Waste Authority (15)

* 6/15 Mayor of Caliente, NV and city officials (40)

* 6/15 D. Jorgenson and 9 LLN personnel (10)

* 6/15 W. Hayes with 4 LLNL personnel (5)

* 6/16 V. F. W. Post Pahrump, NV (40)

* 6/21 Integrated Data Base Steering Committee, Oak Ridge (20)

* 6/22 Nellis 3096th Aviation Dept Squadron (40)

* 6/24 Desert Research Institute (3 Foreign citizens) (7)

LLNL conducted 34 tours on 25 separate days for aoproximately 695 people.
LLNL tour involvement was as follows:

W. Patrick 8
N. Rector 1
L. Rogers 25

Sub-Task 1.9.4 - Quality Assurance
R. Miller, PI

Surveillance continued this quarter focusing on implementation of the
waste Package Task QA plan and on the traceability of data from the SFT-C
operations.

A response has been received from Battelle Pacific Northwest Laboratory
regarding the report on the findings of the recent QA audit which was carried
out in conjunction with the PNL work on two subcontracts for the LLNL Nuclear
Waste Management Project/Waste Package Task. The proposed corrective actions
were accepted and the audit will be closed out as soon as the revised QA plans
are received.

A response has been received from Westinghouse - HEDL regarding their QA
plan for the sub-contract work being done for LLNL-NWMP. It was noted that
Westinghouse - HEDL QA plans are subject to review by DOE/RL.
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An internal audit of the NWMP Waste Package Task was held on April 4, 5
and 8 to assess the effectiveness with which the recently-issued QA plan for
this Task has been applied. An audit report was issued on May 2.

An internal audit of the SFT-C Task was held on May 12, 13 and 16
emphasizing the traceability of data obtained during the field operations. A
memo detailing the observations of this audit has been issued; no adverse
findings were made.

The NWMP Laboratory Testing Task QA Plan is in final draft and is
undergoing final review.

A preliminary draft of a software QA procedure is being circulated for
comment.

The NWMP Project Quality Engineer is on maternity leave from 6 June

through 30 September.

L. Ramspott
LLNL Technical Project Officer
for NNWSI


